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ABSTRACT 
This review article comprehensively examines complementary and alternative treatment (CAT) approaches for 
children and adolescents with Autism Spectrum Disorder (ASD). CAT usage rates among individuals with ASD range 
from 28-95%, with families turning to these methods due to insufficient responses to conventional treatments, 
concerns about side effects, and the pursuit of "natural" therapies. The article covers biologically-based 
interventions (gluten-free/casein-free diet, ketogenic diet, omega-3 supplements, vitamins, probiotics, 
melatonin), mind-body practices (yoga, music therapy, massage), and manipulative therapies (hippotherapy, 
sensory integration). While melatonin and music therapy demonstrate strong evidence levels, risky and ineffective 
methods such as chelation therapy and hyperbaric oxygen therapy are not recommended. Evidence for gluten-
free/casein-free diet, probiotics, and omega-3 remains inconsistent, requiring individual evaluation. It is critically 
important for clinicians to maintain non-judgmental, open communication with families and provide evidence-
based guidance. CAT applications should be integrated with standard treatments, monitored with concrete goals, 
and potential risks must be considered. Future controlled studies accounting for phenotypic heterogeneity are 
needed to determine which CAT strategies are appropriate for whom and under what conditions. Although more 
than half of parents prefer to discuss CAT options with their child's physician, the perception that physicians lack 
sufficient knowledge about CAT can lead to reluctance in disclosure.  
Keywords: Autism spectrum disorder, complementary and alternative medicine, evidence-based medicine 

 
ÖZ 
Bu derleme makale, otizm spektrum bozukluğu (OSB) olan çocuk ve ergenlerde tamamlayıcı ve alternatif tedavi 
(TAT) yaklaşımlarını kapsamlı bir şekilde incelemektedir. OSB'li bireylerde TAT kullanım oranları %28-95 arasında 
değişmekte olup, aileler bu yöntemlere geleneksel tedavilere yetersiz yanıt, yan etki endişeleri ve "doğal" tedavi 
arayışı nedeniyle yönelmektedir. Makalede biyolojik temelli müdahaleler (glutensiz-kazeinsiz diyet, ketojenik diyet, 
omega-3 takviyeleri, vitaminler, probiyotikler, melatonin), zihin-beden uygulamaları (yoga, müzik terapisi, masaj) 
ve manipülatif terapiler (hipoterapi, duyusal bütünleme) ele alınmaktadır. Melatonin ve müzik terapisi güçlü kanıt 
düzeyine sahipken, şelasyon tedavisi ve hiperbarik oksijen terapisi gibi riskli ve etkisiz yöntemler 
önerilmemektedir. Glutensiz-kazeinsiz diyet, probiyotikler ve omega-3 için kanıtlar tutarsız olup bireysel 
değerlendirme gerektirmektedir. Klinisyenlerin ailelerle yargılamayan, açık iletişim kurarak kanıta dayalı rehberlik 
sunması kritik öneme sahiptir. TAT uygulamalarının standart tedavilerle entegre edilmesi, somut hedeflerle 
izlenmesi ve potansiyel risklerin göz önünde bulundurulması gerekmektedir. Gelecekte fenotipik heterojeniteyi 
dikkate alan kontrollü çalışmalara ihtiyaç duyulmaktadır. Özellikle ebeveynlerin yarısından fazlası TAT seçeneklerini 
çocuklarının hekimiyle tartışmayı tercih etse de, hekimlerin TAT konusunda yeterli bilgiye sahip olmadığı algısı 
bildirimde bulunmada isteksizliğe yol açabilmektedir.  
Anahtar sözcükler: Otizm spektrum bozukluğu, tamamlayıcı ve alternatif tedavi, kanıta dayalı tıp 
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Introduction 
Autism spectrum disorder (ASD) encompasses a heterogeneous group of neurodevelopmental conditions 
characterized by persistent difficulties in social communication and interaction, as well as restricted and 
repetitive patterns of behavior and interests. The substantial clinical variability observed across 
individuals with ASD—including differences in intellectual functioning, language profiles, sensory 
reactivity, and co-occurring medical or psychiatric conditions—necessitates individualized assessment 
and multimodal treatment planning (Lord et al. 2018). Although families frequently turn to a broad range of 
complementary and alternative medicine (CAM) practices, current evidence remains insufficient to 
support the effectiveness of many such interventions (Whitehouse et al. 2008). Despite substantial 
progress in early identification and evidence-based interventions, many families continue to report 
persistent symptoms and unmet clinical needs (Zwaigenbaum et al. 2015). This treatment gap—combined 
with a desire for more holistic approaches and the perception that alternative therapies carry fewer 
adverse effects—has fueled increasing interest in CAM for children and adolescents with ASD (Wang et al. 
2020b).  

In this context, the term CAM is used in accordance with the World Health Organization and refers to 
practices and products outside a country’s conventional medical system (Kessler et al. 2001). CAM 
modalities relevant to ASD encompass biologically based interventions (e.g. specialized diets, vitamins, 
minerals, probiotics), mind–body practices (e.g., yoga, meditation, massage), manipulative and body-based 
therapies (e.g., chiropractic), energy-based approaches, and alternative medical systems such as 
homeopathy (Barrett 2003). The boundaries among these CAM domains are often fluid, and many 
interventions are used in combination.  

This review aims to provide clinicians and caregivers with a concise, evidence-informed overview of 
commonly utilized CAM approaches in ASD. We summarize the theoretical rationale, efficacy data, and 
safety considerations for each modality and identify areas where the evidence base remains limited or 
inconsistent (Doherty et al. 2025). In addition, we discuss the implications for shared decision-making in 
routine psychiatric care, emphasizing realistic goal-setting, systematic monitoring of benefits and 
adverse effects, and coordination with standard treatments (Bailey et al. 2023).  

To identify relevant publications, we searched international databases and major journals and screened 
the reference lists of prior reviews. Search terms included combinations of “autism spectrum disorder,” 
“ASD,” and specific interventions such as “gluten-free/casein-free diet,” “probiotics,” “omega-3,” “vitamin 
D,” “melatonin,” “yoga,” “music therapy,” “animal-assisted therapy,” “chiropractic,” and “socially assistive 
robots.” Studies published in English or Turkish were eligible. After removing duplicates and applying core 
relevance criteria (ASD sample, pediatric or adolescent focus, and reported clinical outcomes), 235 records 
were retained for full-text review. 

In summary, the most frequently cited motivations for CAM use among families include a desire to “try 
everything” that might offer benefit; dissatisfaction with partial responses to conventional interventions; 
concerns about medication-related adverse effects; a preference for “natural” approaches; cultural or 
community influences; and the perception that certain CAM modalities may better align with the child’s 
sensory profile or family routines. These factors, while understandable, underscore the importance of 
clear communication regarding realistic expectations, potential risks—including financial burden and 
interference with established treatments—and the necessity of evaluating all interventions against 
measurable and clinically meaningful targets (Golnik and Ireland 2009). The sections that follow provide 
focused summaries of CAM modalities with the strongest pediatric ASD evidence base (e.g., melatonin for 
sleep-onset and sleep-maintenance difficulties, and selected dietary or nutritional strategies where 
biological plausibility and safety are reasonable) as well as those with weak, mixed, or unfavorable 
evidence (e.g., chelation, hyperbaric oxygen therapy) (Sathe et al. 2017). We also review socially assistive 
technologies—including social robots, AI-supported applications, and wearable devices—which show 
promise for enhancing engagement and facilitating practice of social-communication skills, yet still 
require rigorous trials to clarify indications, optimal intensity, and durability of effects (Bo et al. 2025). 
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Throughout, we prioritize randomized controlled trials and systematic reviews where available and identify 
critical gaps in areas supported only by small or uncontrolled studies. 

CAM Use in Child and Adolescent Psychiatry  
Alternative treatments are widely used by individuals and families managing chronic or long-term 
conditions (Ng et al. 2016). The use of complementary and alternative medical products has risen 
substantially in recent years (Höfer et al. 2017). This increase is largely attributed to expanded internet 
access, substantial commercial investment in product promotion, and the growing ease with which 
individuals can obtain these interventions (Tangkiatkumjai et al. 2020). Children with developmental 
disorders use CAM at substantially higher rates than their typically developing peers (Zisman et al. 2020). 
Among neurodevelopmental conditions, autism spectrum disorder (ASD) shows the greatest prevalence of 
CAM use, with estimates ranging from 28% to 95% (Höfer et al. 2017). Across pediatric populations with 
diverse medical and psychiatric diagnoses, reported CAM utilization varies widely—from 1.8% to 87.6%—
depending on sample characteristics and methodological differences across studies (Doherty et al. 2025). 
In Türkiye, CAM use has similarly increased, with prevalence rates ranging from 22.1% to 90.6% (Çakmak 
and Nural 2017, Biçer and Balçık 2019). Reflecting this rising demand, 45 officially recognized CAM centers 
were documented within Ministry of Health Education and Research Hospitals as of May 2021 (Kete et al. 
2023). Despite the limited scientific evidence supporting many CAM practices, their growing popularity 
may stem from perceptions that such interventions are more “natural” and carry fewer risks than 
conventional pharmacological treatments (Huffman et al. 2011). In addition, when conventional treatments 
fail to provide sufficient benefit, families may pursue CAM modalities to support their children (Levy and 
Hyman 2008).  

CAM therapies are used in children with autism spectrum disorder (ASD) to target a broad range of 
symptoms, including core ASD characteristics, attention difficulties, stress reduction, gastrointestinal 
complaints, sleep disturbances, communication challenges, and sensory processing issues (Höfer et al. 
2017). A central motivation for parents’ interest in CAM is concern about the potential adverse effects of 
conventional medications (Wong and Smith 2006). Common sources of CAM recommendations include 
family members and friends, followed by healthcare professionals, online platforms, and printed materials 
(Smith et al. 2020). Evidence suggests that more than half of parents considering CAM prefer to discuss 
these options with their child’s physician beforehand (Frenkel et al. 2008). The modest efficacy of approved 
autism interventions on core symptoms, the requirement for prolonged treatment, the chronic nature of 
the disorder, and the lack of clear guidance or effective options from some clinicians, coupled with the 
grandiose claims of alternative therapy proponents, have driven many parents to explore complementary 
treatment strategies (Howes et al.2018).  

Nonetheless, several factors contribute to parents’ reluctance to disclose CAM use to clinicians, including 
perceptions that physicians are unfamiliar with CAM, beliefs that disclosure is unnecessary, and the 
absence of physician-led inquiries about such treatments (Hanson et al. 2007). It is possible to evaluate 
the effectiveness and potential adverse effects of alternative treatments using rigorous scientific 
methodologies (Mortada 2024). Research in this area indicates that while some modalities demonstrate 
measurable efficacy and acceptable safety profiles, others lack therapeutic benefit or fail to meet 
evidence-based standards (Sathe et al. 2017). 

Consequently, numerous families concurrently employ these alternative approaches alongside 
conventional therapies, including dietary modifications, educational programs, and pharmacological 
treatments (Wang et al. 2018). 

CAM interventions are employed to address a range of issues in children with ASD, including core 
symptoms, attention deficits, relaxation, gastrointestinal disturbances, sleep disorders, communication 
difficulties, sensory processing challenges, seizures, and overall health (Hanson et al. 2007). While children 
may receive biologically based CAM therapies—such as vitamin and mineral supplementation, specialized 
diets, and omega-3 fatty acids—as well as non-biological approaches, including music therapy, behavioral 
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optometry, hippotherapy, and craniosacral therapy, contemporary research has largely focused on 
biological interventions (Bilgiç 2009, Höfer et al. 2017). 

Consistent with global trends, studies inTürkiye indicate that over half of families with children with autism 
utilize some form of CAM (Çakır et al. 2022). A study with a small Turkish sample reported the most 
frequently employed methods as vitamin and mineral supplementation (84%), specialized diets (79%), 
sensory integration (77%), other dietary supplements (50%), and chelation therapy (50%) (Şenel 2010). 
Another investigation conducted in child psychiatry clinics identified the most commonly used 
interventions as spiritual approaches, nutritional support, diet, vitamins, herbal therapies, chelation, 
music therapy, hyperbaric oxygen, dolphin or equine-assisted therapy, and massage. Additionally, a small 
number of cases reported discontinuation of vaccinations and use of neurofeedback (Bilgiç et al. 2013). 

In an online survey of families with children with ASD, 50% reported using biologically based interventions, 
while 33% adhered to specialized diets (Bilgiç et al. 2013). The efficacy and potential adverse effects of 
these approaches remain insufficiently characterized (Sathe et al. 2017). Providers of such interventions 
frequently offer them for diverse conditions, often promoting unsubstantiated theoretical claims 
regarding their benefits (Wardle and Adams 2014). Several mechanisms have been proposed to account for 
the biological effects of CAM therapies. Notably, activation of natural killer (NK) cells and modulation of 
immune function have been implicated in the efficacy of certain biological approaches, including 
elimination diets and probiotic supplementation (Cooper 2007). Additional potential mechanisms include 
antioxidant and anti-inflammatory effects associated with compounds such as flavonoids and probiotics 
(Molina-Jimenez et al. 2003), neuroprotective properties of omega-3 fatty acids (Molina-Jimenez et al. 
2003), and modulation of neurotransmitter activity, exemplified by compounds such as L-carnosine (Shen 
et al. 2010). 

Dietary Interventions 

Gluten-Free Casein-Free Diet 

Among CAM interventions, dietary modifications are frequently selected by parents of children with ASD, 
with the Gluten- and Casein-Free Diet (GCFD) being the most widely implemented (Shen et al. 2010). This 
approach is based on the hypothesis that individuals with ASD may exhibit impaired digestion of gluten 
and casein, resulting in peptide production that can enter the bloodstream and exert opioid-like effects 
(Christison and Ivany 2006). Two systematic reviews examining the efficacy of dietary interventions on 
ASD symptoms, incorporated case reports, observational studies, and two randomized controlled trials 
(RCTs) (Rossignol 2009, Mulloy et al. 2010).  

In a double-blind RCT, reintroduction of gluten and casein into the diets of 74 children with ASD aged 2–10 
years did not produce increases in behavioral or gastrointestinal symptoms (Pusponegoro et al. 2015). 
Similarly, another RCT reported that dietary challenges with gluten- and casein-containing foods had no 
significant effects on physiological responses, behavioral patterns, or core autism features (Hyman et al. 
2016). Elder et al. (2006) conducted a 12-week crossover controlled trial and found no significant changes 
in Childhood Autism Rating Scale (CARS) scores following a GCFD, despite some parents reporting 
perceived improvements. 

Although GCFD remains one of the most extensively studied dietary interventions for ASD, evidence 
remains inconsistent (Piwowarczyk et al. 2018), and current data do not support its universal application in 
children with ASD (Sathe et al. 2017). A recurring observation across studies is the strong parental 
conviction regarding the diet’s efficacy, even when empirical findings do not corroborate these beliefs 
(Harrington et al. 2006). While generally well tolerated, GCFD carries potential risks, including diarrhea, 
constipation, reduced appetite, vomiting, abdominal pain, or weight loss—particularly in children already 
on restricted diets due to malnutrition, growth issues, or selective eating. Families considering GCFD 
should engage both a therapist to facilitate gradual dietary transitions and a dietitian to monitor nutritional 
intake and recommend supplements as needed (Mari-Bauset et al. 2014). 
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Scientific Basis  

Gastrointestinal disturbances and food intolerances are commonly reported in individuals with ASD, 
prompting the frequent implementation of the GCFD, which eliminates wheat and dairy products from daily 
nutrition (Knivsberg et al. 2003). The rationale underlying the GFCD diet is the hypothesis that these 
proteins may increase intestinal permeability, enabling “opioid-like” peptides to enter the central nervous 
system and contribute to neurobehavioral manifestations (Knivsberg and Reichelt 2004). 

Application 

The GFCD involves the exclusion of major food groups, including gluten-containing grains such as wheat, 
barley, rye, and bulgur; casein-containing dairy products such as milk, yogurt, cheese, and butter; and 
processed foods that may contain gluten or casein additives. Typically, the dietary intervention is 
maintained for three to six months, with adherence and effects monitored through systematic behavioral 
observations (Elder et al. 2006). 

Table 1. Scientific evidence for gluten-casein-free diet in autism spectrum disorder 
Source Findings Level of Evidence 
Elder et al. 2006 No significant difference vs. placebo C 

Whiteley et al. 2010 Significant reduction in symptoms B  

Sathe et al. 2017 Systematic review: Evidence is weak C  

Hyman et al. 2016 GI improvement in some individuals B/C (Moderate–Low) 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Research evaluating the effects of GCFD in individuals with ASD has yielded inconsistent outcomes. 
Although certain randomized controlled trials and systematic reviews report potential benefits, others 
have found no statistically significant improvements (Hyman et al. 2016). 

Reported outcomes of the GFCD diet include reductions in gastrointestinal symptoms, improved sleep 
patterns, decreased restlessness, enhanced attention, and increased social engagement. However, these 
observations are predominantly derived from parental reports and hold limited scientific validity in the 
absence of objective measures (Sathe et al. 2017). Potential drawbacks, including challenges with long-
term adherence, social restrictions, and the risk of nutritional deficiencies, should also be carefully 
considered (Sathe et al. 2017). 

Clinical Comment 

Current evidence does not support the notion that a GCFD universally or directly alleviates core ASD 
symptoms (Piwowarczyk et al. 2018). Nevertheless, in individuals with coexisting food intolerances or 
gastrointestinal disturbances, a carefully controlled dietary elimination may be warranted (Whiteley et al. 
2010a). Such interventions should be implemented under the supervision of a nutritionist and a child 
development specialist (Ellie Wilson et al. 2013). 

Ketogenic Diet 

Initially developed for epilepsy management, the ketogenic diet has been investigated as a potential 
intervention for ASD, despite the absence of randomized controlled trials assessing its efficacy 
(Włodarczyk et al. 2020). Several small-scale open-label studies have explored its effects in children with 
ASD, although adherence challenges were frequently reported (El-Rashidy et al. 2017). Only a minority of 
participants demonstrated notable improvements in ASD-related symptoms (Lee et al. 2018b). 
Consequently, further rigorous research is required before this dietary approach can be recommended for 
children and adolescents with ASD (Fraguas et al. 2019). 
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Scientific Basis  

ASD is a neurodevelopmental condition characterized by persistent deficits in social interaction, 
communication, and behavioral flexibility (Sidjaja 2025). Emerging evidence indicates that ASD may extend 
beyond the central nervous system, involving complex interactions with the gastrointestinal system, 
particularly the microbiota–gut–brain axis (Cryan et al. 2019). Within this context, dietary interventions—
most prominently the ketogenic diet—are being investigated as potential adjunctive strategies for 
ameliorating ASD-related symptoms (Ruskin et al. 2009). 

Table 2. Scientific evidence for ketogenic diet in autism spectrum disorder 
Source Findings Level of Evidence 
Evangeliou et al. 2003  Improvement in core symptoms (small cohort study) B  
Lee et al. 2018  Seizure reduction and behavioral improvement in ASD 

with epilepsy 
B 

El-Rashidy et al. 2017  Small RCT: positive effects on behavior C  
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

The ketogenic diet is characterized by high fat, adequate protein, and very low carbohydrate intake, 
designed to induce a state of ketosis in which ketone bodies serve as the primary energy source instead 
of glucose (Paoli et al. 2013). Given the therapeutic benefits of this metabolic shift in various neurological 
disorders, particularly epilepsy, it is hypothesized that the diet may also positively influence 
neurobiological mechanisms implicated in ASD (Newell et al. 2016). Animal studies have demonstrated that 
the ketogenic diet can reduce ASD-like behaviors and enhance synaptic plasticity and mitochondrial 
function (Ruskin et al. 2009). Although clinical research in humans remains limited, preliminary findings 
suggest improvements in social interaction, attention, and repetitive behaviors in certain individuals 
(Evangeliou et al. 2003). 

The brain–gut axis comprises bidirectional communication pathways linking the central nervous system, 
the enteric nervous system, and the intestinal microbiota (Morais et al. 2021). Gastrointestinal disturbances 
are common in individuals with ASD and are often attributed to gut microbiota imbalances, or dysbiosis 
(Mangiola et al. 2016). Evidence indicates that microbial composition can modulate neural development, 
immune function, and neurotransmitter synthesis (Diaz Heijtz et al. 2011). The ketogenic diet is 
hypothesized to influence the brain–gut axis indirectly by altering the intestinal microbiota, with increases 
in beneficial strains such as Akkermansia muciniphila and Lactobacillus associated with reduced 
inflammation and enhanced intestinal barrier integrity (Olson et al. 2018, So et al. 2023). These microbiota-
mediated changes may mitigate neuroinflammatory processes, potentially alleviating ASD-related 
symptoms (Kang et al. 2018). 

Clinical Comment 

Research investigating the effects of the ketogenic diet in individuals with autism remains preliminary, 
underscoring the urgent need for large-scale, randomized controlled trials (Newell et al. 2016). 
Nevertheless, dietary interventions targeting the brain–gut axis show potential as therapeutic strategies, 
particularly by modulating the neurobiological underpinnings of ASD through microbiota regulation and 
attenuation of neuroinflammation (Hsiao et al. 2013). When implemented with careful monitoring in 
suitable individuals, the ketogenic diet may serve as a component of a multidisciplinary approach to ASD 
management (Cryan and Dinan 2012). 

Feingold Diet 

The Feingold diet advocates for the complete elimination of food additives and preservatives, including 
artificial sweeteners, colorants, and flavorings, as well as the restriction of natural foods containing 
salicylates (Güller et al. 2020). Dr. Feingold reported that the removal of such additives reduced hyperactive 
symptoms in some cases of attention deficit hyperactivity disorder (Güller et al. 2020). Consequently, this 



1265 Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 
 
dietary approach has been applied to children with autism; however, no high-quality randomized controlled 
trials have evaluated its efficacy in this population (de Theije et al. 2011). 

Scientific Basis  

ASD is a multifaceted neurodevelopmental condition influenced not only by genetic and neurological 
factors but also by significant environmental and biological contributors (Modabbernia et al. 2017). Recent 
recognition of the high prevalence of gastrointestinal symptoms in individuals with ASD and their close 
association with the microbiota–brain axis has heightened interest in alternative dietary interventions 
(Fattorusso et al. 2019). Within this context, the Feingold diet—an elimination regimen excluding artificial 
additives, food colorings, and salicylates—has garnered attention for its potential to ameliorate certain 
ASD-related symptoms (Feingold 1975). 

Developed in the 1970s by Dr. Benjamin Feingold, the Feingold diet seeks to eliminate specific dietary 
substances, including synthetic food dyes—particularly azo dyes such as tartrazine (E102)—artificial 
sweeteners like aspartame, artificial flavors, and preservatives such as BHA, BHT, and TBHQ, as well as 
certain fruits and vegetables naturally containing salicylates, including apples, grapes, and tomatoes .The 
primary objective of this regimen is to enhance cognitive and behavioral functioning by mitigating the 
neurological effects of these compounds, particularly those associated with attention deficits, 
hyperactivity, and behavioral dysregulation (Stevens et al. 2011). In individuals with autism, this dietary 
intervention has also been associated with reductions in sensory sensitivities and extreme behavioral 
manifestations (Lee et al. 2018b). 

The gut microbiota engages in bidirectional communication with the central nervous system through 
immune pathways, hormonal signaling, and neurotransmitter synthesis (Carabotti et al. 2015). 
Gastrointestinal disturbances, including constipation, diarrhea, and irritable bowel syndrome, commonly 
observed in individuals with ASD, reflect dysfunction within this axis (McElhanon et al. 2014). The Feingold 
diet may attenuate gastrointestinal inflammation through selective elimination and promote microbial 
equilibrium by removing potentially neurotoxic additives (Schnorr and Bachner 2016).Evidence indicates 
that food dyes and preservatives can increase intestinal mucosal permeability, contributing to “leaky gut” 
syndrome and eliciting inflammatory responses that impact neurological function (Camilleri et al. 2019). By 
eliminating these dietary triggers, the Feingold diet may support immune regulation and foster a more 
balanced gut–brain axis communication (Kobylewski and Jacobson 2012). 

Clinical Comments 

Although randomized controlled trials specifically evaluating the Feingold diet in autism are limited, 
several observational studies and case reports have documented improvements in temper tantrums, 
attention deficits, and social interactions among individuals adhering to this dietary regimen (Önal et al. 
2023). Furthermore, accumulating evidence suggests that analogous elimination diets—particularly those 
excluding artificial additives—may confer benefits for ASD-related symptoms (Pelsser et al. 2017). 

Low Oxalate Diet 

The oxalate-restricted diet is predicated on the hypothesis that individuals with ASD may exhibit impaired 
oxalate metabolism, leading to elevated circulating oxalate levels that could potentially harm tissues and 
organs, particularly the brain. Accordingly, reducing dietary oxalate intake is proposed as a potential 
intervention. However, no evidence-based studies currently substantiate the efficacy of this dietary 
approach in ASD (Cekici and Sanlier 2019). 

Scientific Basis  

ASD is a neurodevelopmental condition marked by deficits in social interaction and behavior (Hodges et al. 
2020). Increasing evidence indicates that ASD extends beyond genetic and neurological determinants, 
involving significant contributions from the immune system, gastrointestinal function, and metabolic 
processes (Modabbernia et al. 2017). Within this holistic framework, the brain–gut axis and dietary factors 
assume critical importance (Cryan and Dinan 2012). Recently, disruptions in oxalate metabolism have been 
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implicated in ASD symptomatology, prompting investigations into the potential benefits of low-oxalate 
diets (Walker and Iyengar 2015). 

Oxalate is an organic acid that is either endogenously produced or obtained from certain plant-based foods 
(Massey 2007). Under physiological conditions, oxalate is primarily excreted via the kidneys. However, 
elevated oxalate levels—particularly in individuals with increased intestinal permeability (“leaky gut”)—may 
contribute to inflammation, cellular stress, and neurotoxicity through systemic circulation (Holmes et al. 
2001). Several studies have reported elevated urinary oxalate concentrations in individuals with ASD, 
supporting the hypothesis that oxalates may directly influence neurological function (Wang et al. 2020a, 
Adıgüzel and Çiçek 2023). Additionally, oxalates can chelate minerals essential for nerve conduction and 
muscle function, such as calcium and magnesium, potentially leading to systemic deficiencies (Mitchell et 
al. 2019). 

The gut microbiota harbors bacterial species that play a critical role in oxalate metabolism (Liu et al. 2021). 
In particular, a deficiency of oxalate-degrading bacteria, such as Oxalobacter formigenes, can impair 
oxalate excretion, leading to its accumulation in the body (Kumar and Gill 2014). Studies have reported that 
individuals with ASD often exhibit reduced populations of these bacteria, decreased microbial diversity, 
and dysbiosis (Agirman and Hsiao 2024). In this context, a low-oxalate diet may positively influence the 
brain–gut axis by both limiting oxalate intake and supporting intestinal permeability and microbial balance 
(Mao et al. 2021). Moreover, reducing the oxalate load may mitigate behavioral symptoms by decreasing 
oxidative stress and neuroinflammation within the nervous system (El-Ansary and Al-Ayadhi 2012). 

Effectiveness 

Scientific literature on the low-oxalate diet remains limited; nevertheless, numerous anecdotal case 
reports based on parental observations suggest that this dietary approach may alleviate symptoms such 
as hyperactivity, temper tantrums, distractibility, and reduced pain threshold (Mazzoli and Pessione 2016). 
Some families have also reported transient symptom exacerbations, termed “oxalate dumping,” during the 
initial phase of the diet, which is attributed to the mobilization and excretion of stored oxalates (Knight et 
al. 2013). 

Clinical Comment 

The low-oxalate diet represents a potential adjunctive approach among alternative interventions for ASD, 
with possible modulation of the microbiota–gut–brain axis (Mitchell et al. 2019). Nevertheless, its efficacy 
has not been established through controlled, large-scale studies, necessitating careful individualization in 
clinical practice (Sathe et al. 2017). Despite this, it remains a noteworthy area of investigation for 
individuals with ASD presenting gastrointestinal symptoms, particularly due to its potential microbiota-
balancing and anti-inflammatory effects (Sanctuary et al. 2019). 

Low FODMAP (fermented oligo-di-monosaccharides and polyols) diet 

The Low FODMAP diet entails the restriction of specific fermentable carbohydrates—oligosaccharides, 
disaccharides, monosaccharides, and polyols—which exhibit high osmotic activity, undergo rapid 
fermentation in the gut, and may increase colonic water content and gas production, potentially causing 
diarrhea, particularly in individuals with malabsorption (Cekici and Sanlier 2019). Although this diet is 
commonly applied in the management of inflammatory bowel diseases, current evidence remains 
insufficient to support its efficacy in individuals with autism (Sanctuary et al. 2019). 

Scientific Basis   

ASD is a multifaceted condition linked not only to neurodevelopmental abnormalities but also to complex 
biological processes, including the gut–brain axis, gastrointestinal function, and microbial homeostasis 
(Kang et al. 2017). Approximately 70% of individuals with ASD experience gastrointestinal disturbances, 
such as bloating, gas, diarrhea, and constipation, which can contribute to both physical discomfort and 
behavioral challenges (McElhanon et al. 2014). Within this context, the Low FODMAP diet has recently 
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emerged as a recommended supportive nutritional strategy aimed at improving intestinal function and 
mitigating neurobehavioral symptoms in individuals with autism (Mazzoli and Pessione 2016). 

The term FODMAP denotes short-chain fermentable carbohydrates, including oligosaccharides (fructo- 
and galacto-oligosaccharides), disaccharides such as lactose, monosaccharides such as fructose, and 
polyols including sorbitol and mannitol. These carbohydrates are inadequately absorbed in the small 
intestine and, upon reaching the large intestine, are fermented by resident microbiota, generating gas and 
increasing osmotic load (Shepherd et al. 2013). This fermentation can provoke bloating, abdominal 
discomfort, and irregular bowel habits, particularly in individuals with heightened intestinal sensitivity 
(Halmos et al. 2014). 

Individuals with autism frequently exhibit gut dysbiosis, which may contribute to FODMAP intolerance 
(Halmos et al. 2014). Moreover, ASD is often associated with increased intestinal permeability (“leaky gut”), 
immune system activation, and neuroinflammation. Evidence indicates that consumption of FODMAP-rich 
foods can exacerbate these pathophysiological processes (Hsiao 2014). 

The low FODMAP diet may exert a modulatory effect on the gut–brain axis by alleviating gastrointestinal 
symptoms (Ribichini et al. 2024). Its potential mechanisms include enhancing gut microbiota composition 
through the reduction of gas-producing bacteria, decreasing intestinal permeability to support immune 
function via attenuated inflammation, and mitigating neuroinflammation by limiting the influence of 
microbiota-derived cytokines on the central nervous system. Collectively, these processes may indirectly 
promote improvements in emotional regulation, anxiety, and behavioral outcomes (Hsiao 2014). 

Effectiveness 

The low FODMAP diet has demonstrated efficacy in conditions such as irritable bowel syndrome (IBS) and 
non-celiac gluten sensitivity (Halmos et al. 2014). Although direct investigations in ASD are limited, several 
small-scale studies and observational data yield promising findings. Berding and Donovan (2019, 2020) 
identified a strong correlation between gastrointestinal symptom severity and behavioral difficulties in 
children with ASD, suggesting that dietary interventions may mitigate these challenges. Similarly, Aranburu 
et al. (2021) reported that the low FODMAP diet may reduce intestinal sensitivity and alleviate behavioral 
anxiety in individuals with ASD. Nevertheless, the current evidence base predominantly comprises Level III 
(observational studies) and Level IV (case reports and expert opinions), with randomized controlled trials 
(Level I) remaining scarce. 

The low FODMAP diet is highly restrictive, and prolonged adherence may lead to nutritional deficiencies. 
Moreover, selective eating behaviors, which are prevalent among individuals with ASD, can further 
constrain the feasibility of this dietary approach. Consequently, the diet should be tailored to the individual 
and implemented under the guidance of a dietitian or gastroenterologist (Marsh et al. 2016). 

Clinical Comment 

The low FODMAP diet demonstrates potential as a nutritional strategy for alleviating common 
gastrointestinal symptoms in individuals with ASD and may contribute to behavioral improvements 
indirectly (Shafer et al. 2021). By promoting microbiota balance, modulating immune responses, and 
stabilizing the brain–gut axis, it represents a holistic approach targeting the biological underpinnings of 
autism (Mayer et al. 2014). Nevertheless, current evidence is primarily based on preliminary findings, and 
further rigorous clinical trials are necessary to confirm its efficacy (Sanctuary et al. 2019). 

Functional Foods  

ASD is a neurodevelopmental condition characterized by deficits in social communication, repetitive 
behaviors, and sensory sensitivities (Mirenda 2013). In recent years, nutrition-based interventions have 
gained increasing recognition as complementary strategies alongside conventional treatments for ASD 
(Shafer et al. 2021). Within this framework, functional foods—natural dietary components that confer 
physiological or psychological benefits beyond basic nutrition—have been investigated as promising 
adjuncts for alleviating ASD-related symptoms (Adams et al. 2011a). 
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Functional foods have been examined in the context of ASD across several targeted populations (Verlaet 
et al. 2014). These investigations focus on the potential effects of nutrient-enriched or bioactive food 
components on neurodevelopmental, metabolic, and behavioral processes in individuals with ASD. 

Table 3. Functional foods and their targeted area of effect in autism 
Functional Food Type Example Ingredients Targeted Area of Effect 
Omega-3 fatty acids EPA, DHA Reduction of neuroinflammation, improvement 

in attention 
Probiotics and prebiotics Lactobacillus, Bifidobacterium, inulin Microbiota balance, gastrointestinal healing 
Polyphenols Curcumin (turmeric), resveratrol Antioxidant and anti-inflammatory effects 
Vitamins and minerals B6, B12, vitamin D, zinc, magnesium Neurotransmitter synthesis, immune 

modulation 
Amino acids L-carnitine, glutamine, GABA Energy production, neurotransmission 

 

Table 4. Scientific levels of evidence for functional foods in autism 
Level of Evidence Description Application Examples 
Level I Randomized controlled trials (RCTs), systematic reviews Omega-3, vitamin D 
Level II Controlled but non-randomized studies Probiotics 
Level III Observational studies, case reports Curcumin, GABA 
Level IV Expert opinions, anecdotal reports Combination therapies 

 

Table 5. Efficacy levels of functional foods in autism 
Ingredient Group Efficacy Level Description 
Omega-3 fatty acids Moderate–High Improvement in attention, social communication, and anxiety has 

been observed. 
Probiotics Moderate Significant reduction in gastrointestinal symptoms, potential for 

behavioral improvement. 
Polyphenols (curcumin) Low–Moderate Antioxidant effect demonstrated; behavioral benefits need to be 

proven. 
Vitamin-mineral supplements Moderate Vitamin D deficiency linked to ASD, but interindividual differences 

play a role. 
Amino acids Low Effects of L-carnitine and similar compounds remain experimental. 

Clinical Comment 

Functional foods represent physiologically based strategies that may complement behavioral 
interventions in the management of ASD (Sathe et al. 2017). Certain components, including omega-3 fatty 
acids and probiotics, have demonstrated moderate efficacy in randomized studies (Bent et al. 2011). 
However, due to individual biochemical variability and microbiota diversity, personalized nutritional 
approaches are essential (James et al. 2004). Functional foods should be considered as adjunctive 
interventions rather than replacements for standard treatments (Sanctuary et al. 2018). 

Omega 3 Fatty Acids 

Omega-3 and omega-6 fatty acids are essential nutrients that the human body cannot synthesize and must 
be obtained through dietary intake (Calder 2016). Although supplementation with these fatty acids has been 
proposed as a potential intervention for alleviating symptoms of ASD, research findings remain 
inconsistent (Mazahery et al. 2017). Omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), are widely used as nutritional supplements and are often considered 
promising complementary or alternative treatments for ASD (Kidd 2007).  
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Scientific Basis   

Clinical studies evaluating their effects in children with ASD have yielded mixed and inconclusive results 
(Ooi et al. 2015). While some ASD-related symptoms may benefit from omega-3 intake, larger-scale, 
methodologically robust studies with extended follow-up are needed to draw definitive conclusions 
(Mazahery et al. 2017). A recent meta-analysis indicated that omega-3 and omega-6 supplementation 
produced modest improvements in overall well-being but did not significantly affect specific domains such 
as hyperactivity, irritability, stereotypic behaviors, speech impairments, or social responsiveness (de 
Andrade Wobido et al. 2022). Given the role of omega-3 fatty acids in neurodevelopment, 
neurotransmission, and anti-inflammatory processes, their potential therapeutic value in ASD remains 
under investigation, particularly in light of observed disruptions in synaptic function and neuroplasticity in 
affected individuals (Bent et al. 2011). 

Application 

Omega-3 supplements are typically administered as fish oil at doses ranging from 300 to 1000 mg/day 
(James et al. 2011). The duration of supplementation varies from six weeks to six months, with formulations 
containing a balanced EPA: DHA ratio generally preferred (Bent et al. 2014).Research examining the effects 
of omega-3 supplementation on ASD symptoms is generally limited by small sample sizes and short 
intervention periods, yielding mixed results. While some individual studies report significant benefits, 
meta-analyses emphasize that the overall evidence remains limited, heterogeneous, and inconclusive 
(James et al. 2011). 

Table 6. Scientific evidence of omega-3 / PUFA supplementation in autism spectrum disorder 
Source Findings Level of Evidence 
Amminger et al. 2007  Improved hyperactivity and stereotypy in subset B  
Bent et al. 2014  No significant effect vs. placebo C  
Mazahery et al. 2019  Reduced irritability; mixed effects on core symptoms B 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Effectiveness  

Reported effects of functional foods in individuals with ASD include modest reductions in hyperactivity 
and attention deficits, supported by clinical studies but with small effect sizes, and limited improvements 
in social interaction, with statistically significant benefits observed in some cases. Mood stabilization has 
been occasionally reported, while improvements in sleep quality and reductions in irritability have primarily 
been noted through subjective assessments. However, these findings are generally derived from small 
sample sizes and rely heavily on parental reports. Studies employing objective and clinically validated 
outcome measures remain scarce (James et al. 2011). 

Clinical Comment 

Due to their generally favorable safety profile, omega-3 fatty acids are often considered as a supportive 
complementary therapy in children with ASD (James et al. 2011). Supplementation may be particularly 
useful in cases where dietary intake of fish is inadequate(Mazahery et al. 2017). Nevertheless, the current 
body of scientific research does not provide strong evidence supporting a significant effect of omega-3 
on core ASD symptoms (Mazahery et al. 2017). Therefore, omega-3 supplementation should be evaluated 
within the context of an individualized, multidisciplinary treatment strategy (Ooi et al. 2015). 

Vitamin Supplements 

Children with ASD often present with gastrointestinal disturbances and adhere to restrictive diets, which 
may predispose them to deficiencies in essential vitamins and minerals (Stewart et al., 2015). Additionally, 
research has identified impairments in cellular methylation and glutathione-mediated antioxidant 
defenses in this population (Bilgic et al. 2013). Accordingly, targeted nutritional supplementation has been 
employed, focusing on vitamins and minerals that act as coenzymes in critical biochemical pathways (de 
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Andrade Wobido et al. 2022). Frequently utilized supplements include omega-3 fatty acids, vitamins B6 and 
B12, tetrahydrobiopterin, L-carnosine, vitamin C, and probiotics (Bent et al. 2017). 

Scientific Basis  

ASD is a neurodevelopmental condition with a complex, multifactorial etiology (Modabbernia et al. 2017). 
Emerging evidence indicates that individuals with ASD may exhibit deficiencies in certain vitamins, which 
could contribute to diverse neurological symptoms (Guo et al. 2019). Particular attention has been directed 
toward insufficiencies in B-complex vitamins (including B6, B12, and folate), as well as vitamin D, vitamin 
C, and other antioxidant nutrients (Adams et al. 2011a). Supplements are typically administered in daily 
dosages, with combined formulations sometimes being preferred. 

Table 7. Vitamin supplements and their targeted effects in autism with level of evidence 
Vitamin / Supplement Targeted Effect / Mechanism Level of Evidence 
B6 + Magnesium Supporting neurotransmitter synthesis B  
B12 (Methylcobalamin) Improving the methylation cycle and detoxification C (Low–Moderate) 
Folate (B9) Supporting neuronal development C (Low–Moderate) 
Vitamin D Immunity, neurodevelopment, and behavioral regulation B  
Vitamin C Combating oxidative stress C  

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Table 8. Clinical findings and evidence levels for vitamin supplements in autism 
Vitamin Supplement Findings Level of Evidence 
B6 + Magnesium Decreased excitability; improved behavior B (Moderate) 
B12 (Methylcobalamin) Improved language development and eye contact B/C 
Folate + B9 Benefits seen in individuals with genetic variants C 
Vitamin D Behavioral improvement in those with low levels B 
Vitamin C Antioxidant effects; limited behavioral effect C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Research investigating the effects of vitamin supplementation on ASD symptoms has yielded some 
positive outcomes; however, these studies are generally characterized by small sample sizes, short 
durations, and methodological heterogeneity, limiting their overall acceptance (Saad et al. 2016). Reported 
effects of supplementation include reductions in irritability and hyperactivity, enhanced eye contact and 
communicative attempts, improved sleep patterns, support of immune function, and partial amelioration 
of gastrointestinal symptoms. However, these findings are predominantly derived from parental reports, 
open-label studies, and clinical observations, with placebo-controlled, double-blind trials remaining 
scarce (Rossignol and Frye 2012a). 

Clinical Comment 

Although vitamin supplementation is not a primary intervention for ASD, it may be considered as an 
adjunct, particularly in individuals with documented biochemical deficiencies (Adams et al. 2011a). 
Nevertheless, indiscriminate administration carries risks, including overdose or unnecessary use; 
therefore, assessment of blood levels, comprehensive nutritional evaluation, and supplementation 
planning under expert supervision are recommended (Mousain-Bosc et al. 2011). 

Methyl B12, folic acid, folinic acid 

Methyl B12 and folinic acid are involved in regulating oxidative stress and DNA methylation, processes 
implicated in the pathophysiology of ASD (Rossignol and Frye 2012b). In a 12-week double-blind, placebo-
controlled trial of 30 children with ASD aged 3–8 years, methyl B12 did not produce significant 
improvements over placebo in behavioral outcomes or glutathione levels (Bertoglio et al. 2010). Similarly, 
a randomized controlled trial including 57 children aged 3–7 years reported no significant differences 



1271 Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 
 
between methyl B12 and placebo groups on standardized assessment scales (Hendren et al. 2016). 
Nonetheless, certain patient subgroups may exhibit a more favorable response to methyl B12. While 
generally well tolerated, the requirement for frequent injections may present practical challenges for 
families. Larger-scale trials are warranted to establish its efficacy in pediatric ASD populations (Frye et al. 
2017). 

Conversely, one randomized controlled trial reported that folic acid supplementation may improve verbal 
communication in individuals with ASD (Frye et al. 2018). An open-label study comparing structured 
education alone versus structured education combined with folic acid supplementation found that the 
addition of folic acid yielded significant enhancements in sociability, verbal and preverbal cognition, 
receptive language, emotional expression, and overall communication (Sun et al. 2016). In a 12-week 
placebo-controlled trial involving 48 children and adolescents, folinic acid (5-formyltetrahydrofolate) 
supplementation produced greater improvements in verbal communication, particularly among 
participants positive for folate receptor-α autoantibodies (FRAA), which were identified as potential 
predictors of treatment response (Frye et al. 2018). Overall, folinic acid and folic acid are considered safe 
for use in ASD, and emerging evidence suggests they may confer particular benefits in specific subgroups, 
although further rigorous research is required (Ramaekers et al. 2008). 

Scientific Basis  

Research exploring the biochemical underpinnings of ASD highlights disruptions in methylation and 
transsulfuration pathways (Adams et al. 2011a). Specifically, vitamin B12 (methylcobalamin), folic acid (B9), 
and its active form, folinic acid, are pivotal in neuronal development, DNA methylation, nerve conduction, 
and antioxidant defense mechanisms (Ramaekers et al. 2008). Consequently, the utilization of these 
compounds as complementary therapeutic agents in ASD has become increasingly prevalent (Bertoglio et 
al. 2010). 

Application 

Methyl-B12 supports the methylation pathway by facilitating the production of S-adenosylmethionine 
(SAMe) (James et al. 2006) and is typically administered via subcutaneous injections at a dose of 75 µg/kg 
several times per week (Bertoglio et al. 2010). Folic acid, essential for DNA synthesis and neural 
development, is generally delivered orally (Lucock and Yates 2009). Folinic acid (leucovorin), a biologically 
active derivative of folic acid, is particularly recommended for individuals testing positive for folate 
receptor autoantibodies (Frye et al. 2013a). Although research evaluating the efficacy of these 
supplements in ameliorating autism-related symptoms remains limited, their use is supported by a strong 
biochemical rationale and emerging clinical evidence. The table below summarizes key studies along with 
their corresponding levels of evidence. 

Table 9. Clinical findings and evidence levels for folate-related supplements in autism 
Supplement Type Findings Level of Evidence 
Methyl-B12 Language development, eye contact, increased social awareness B  

Folic acid Neuronal support, limited improvement in general behavior C  

Folinic acid Significant benefit in FRα autoantibody positive individuals B  

 Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Methyl-B12 supplementation has been linked to increased eye contact, enhanced speech production, 
improved social responsiveness, and reduced repetitive behaviors. Folinic acid has demonstrated benefits 
in language development and cognitive performance, particularly among individuals positive for folate 
receptor α (FRα) autoantibodies. In those with folate deficiency, its effects are more limited but remain 
supportive. These outcomes are typically observed within three to six months of treatment, with the 
magnitude of improvement varying according to individual biochemical profiles (Bertoglio et al. 2010). 
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Clinical Comment 

Although supplements supporting methylation pathways hold promise for mitigating ASD symptoms, their 
unsupervised or indiscriminate use is not recommended (Frye et al. 2013b). Administration of methyl-B12 
should occur under specialist supervision and follow appropriate biochemical assessments, including 
plasma homocysteine and methylmalonic acid measurements. Folinic acid supplementation should be 
targeted specifically to individuals positive for folate receptor autoantibodies. Furthermore, behavioral 
monitoring and biochemical evaluations should be conducted both prior to and following supplementation 
to ensure safety and to assess therapeutic efficacy (James et al. 2004). 

Multivitamin Supplements 

Several studies have explored the potential benefits of vitamin supplementation in individuals with ASD; 
however, the evidence remains limited and inconsistent (Adams et al. 2018). High-dose vitamin C has been 
associated with improvements in sensorimotor function and reductions in stereotypic behaviors (Hyman 
et al. 2012). Although no randomized, placebo-controlled trials exist for vitamin D, two open-label studies 
reported improvements in autism-related symptoms following a three-month course of cholecalciferol 
(vitamin D3) supplementation (Saad et al. 2016, Feng et al. 2017). Vitamin D deficiency is frequently 
observed in children with ASD, with lower serum levels correlating with more severe symptoms. One open-
label study suggested that supplementation may alleviate some symptoms (Saad et al. 2018), yet a six-
month prospective case-control study found no statistically significant changes in autism severity, social 
functioning, or treatment response between vitamin D–supplemented participants and controls (Azzam et 
al. 2015).Moreover, both vitamin D3 (Saad et al. 2016) and tetrahydrobiopterin have shown potential in 
improving social awareness, hyperactivity, irritability, and inappropriate speech compared with placebo 
(Klaiman et al. 2013). Regarding mineral and multivitamin supplements, a cross-sectional study of 288 
children with ASD aged 2–11 years revealed that most participants received excessive amounts of certain 
micronutrients, raising concerns about overconsumption and potential adverse effects, while calcium and 
vitamin D intake remained inadequate in many cases (Stewart et al. 2015, Zhou et al. 2025).Systematic 
reviews assessing combined vitamin B6 and magnesium (Vit B6–Mg) supplementation concluded that 
existing trials are underpowered, providing insufficient evidence to recommend their routine use in ASD 
management (Nye 2005). Overall, current research does not support the widespread use of vitamin and 
mineral supplements as a reliable intervention for alleviating ASD symptoms (Sathe et al. 2017). 

Scientific Basis 

ASD is a complex neurodevelopmental condition characterized by distinct behavioral and developmental 
features. Emerging evidence suggests that individuals with ASD may exhibit deficiencies or imbalances in 
certain vitamins, minerals, and essential nutrients, which could influence behavioral outcomes (Adams et 
al. 2011a). In this context, multivitamin and multimineral supplementation is employed to correct these 
nutritional imbalances and potentially mitigate some associated symptoms (Adams et al. 2018). 

Table 10. Vitamin and mineral supplements in autism spectrum disorder 
Source Findings Level of Evidence 
Adams et al. 2011b B6 and Mg supplementation improved behavior B  
Rossignol and Frye 2014  Folate and methyl B12 supported speech in subgroups C  
Kittana et al. 2021  Vitamin D supplementation improved social scores B  

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Application 

Multivitamin supplements typically comprise B-complex vitamins (B1, B6, B12, and folate), vitamins C, D, 
and E, along with minerals such as magnesium, zinc, selenium, and calcium. Certain specialized 
formulations may also include adjunctive compounds, including coenzyme Q10, carnitine, and methionine. 
These supplements are generally administered orally in daily doses and monitored over a period of three 
to six months (Patel et al. 2022). Research investigating the effects of multivitamin and mineral 
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supplementation in individuals with ASD remains limited; however, some notable findings have emerged, 
particularly from studies conducted at Arizona State University (Stewart et al. 2015). 

Effectiveness  

Multivitamin supplementation in individuals with ASD has been associated with enhanced language and 
social communication skills, as evidenced by clinical observations, with significant improvements 
reported in certain cases. Reductions in hyperactivity, irritability, and repetitive behaviors have been 
documented through parental reports and observational studies. Improvements in sleep patterns and 
gastrointestinal symptoms are frequently noted, although systematic measurements are limited. 
Biochemically, supplementation has been linked to increased glutathione levels and enhanced methylation 
capacity, while subjective reports indicate improvements in overall cognitive function and physical energy. 
In a randomized controlled trial, Adams et al. (2018) reported statistically significant behavioral 
improvements in the supplement group compared to placebo. 

Clinical Comment 

Although multivitamin and mineral supplementation is not a primary treatment for ASD, it can serve as an 
effective adjunctive strategy to correct deficiencies and support metabolic balance (Rossignol and Frye 
2012c). Prior to administration, the composition of the supplement should be evaluated for quality and 
safety, and appropriate biochemical assessments, including blood tests, should be conducted (Sathe et al. 
2017). Special attention must be given to the risk of overdose, particularly with fat-soluble vitamins (A, D, 
E, K), and supplementation should be implemented under the guidance of a qualified specialist (Bell et al. 
2010). 

Probiotics 

Recent studies underscore the pivotal role of the gut microbiota in modulating central nervous, 
neuroimmune, and neuroendocrine functions (Cryan et al. 2019). Probiotic supplementation has been 
proposed as a strategy to regulate gut microbial composition, potentially alleviating gastrointestinal 
disturbances and mitigating symptom severity in individuals with ASD (Shaaban et al. 2018). Evidence 
indicates associations between altered gut flora, gastrointestinal complaints, and the intensity of ASD-
related behaviors (Adams et al. 2011b, Tomova et al. 2015). Although limited, clinical investigations have 
reported promising outcomes. For instance, a 12-week randomized controlled trial involving 62 children 
with ASD demonstrated improvements in gut microbiota balance alongside reductions in disruptive 
behaviors, anxiety, and communication difficulties (Parracho et al. 2010). Cohort studies further suggest 
that Lactobacillus acidophilus supplementation may enhance microbial diversity and improve attention 
span and compliance (Kałużna-Czaplińska and Błaszczyk 2012). Overall, probiotic interventions appear to 
modulate gut microbiota composition in ASD populations (Tomova et al. 2015), and some studies report 
potential behavioral benefits (Grossi et al. 2016, Shaaban et al. 2018). Nevertheless, comprehensive reviews 
emphasize that, while probiotics and digestive enzymes may support gastrointestinal function, current 
evidence does not substantiate their effects on core autistic behaviors (DeFilippis 2018a, Sivamaruthi et 
al. 2020). 

Scientific Basis 

ASD is a multifaceted neurodevelopmental condition with neurological, gastrointestinal, and immune 
system components (Vuong and Hsiao 2017). Gastrointestinal symptoms, observed in approximately 30–
70% of individuals with ASD, have highlighted the relevance of the gut-brain axis, prompting investigation 
of probiotic supplementation as a potential complementary or alternative intervention (Coretti et al. 2018). 

Application 

Probiotics, as beneficial microorganisms, contribute to maintaining gastrointestinal homeostasis and may 
modulate ASD symptoms via multiple mechanisms (Donovan and Rao 2019). They aid in restoring gut 
microbiota balance, reducing intestinal permeability, modulating immune responses, and supporting 
neurotransmitter synthesis, including GABA and serotonin. Notable probiotic strains include Lactobacillus 



Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 1274 
 

plantarum, Bifidobacterium longum, and Lactobacillus rhamnosus. Supplementation is typically 
administered over a 4- to 12-week period (Sanctuary et al. 2019). The body of literature on probiotic 
interventions in autism spectrum disorder is still emerging, with several clinical studies and systematic 
reviews conducted to date (Ng et al. 2019). However, the current level of evidence remains low to moderate, 
underscoring the need for additional well-designed randomized controlled trials (Shaaban et al. 2018). 

Table 11. Probiotics and microbiota-based ınterventions in autism spectrum disorder 
Source Findings Level of Evidence 
Shaaban et al. 2018 Significant GI improvement; variable behavioral effects B 
Sanctuary et al. 2019  Mixed results on core ASD symptoms C  
Kang et al. 2019 FMT pilot study showed sustained benefits; requires larger 

RCTs 
C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Probiotic supplementation has been linked to multiple beneficial outcomes in individuals with ASD. These 
effects include reductions in gastrointestinal symptoms, such as constipation, diarrhea, and bloating, as 
well as improvements in behavior, including decreased stereotypic behaviors, irritability, and anxiety. 
Additional benefits reported include more regular sleep patterns, enhanced attention span, and reductions 
in neuroinflammation, as indicated by relevant biomarker changes. In a randomized, double-blind, 
placebo-controlled trial, Shaaban et al. (2018) demonstrated that children with ASD receiving probiotics 
exhibited significant improvements in behavioral scale scores compared to the placebo group, supporting 
the potential utility of probiotics as a complementary intervention in ASD management. 

Clinical Comment 

Probiotic supplementation may serve as a supportive intervention, particularly for individuals with ASD 
who present with gastrointestinal symptoms. However, there is currently no consensus regarding optimal 
strains, dosage, or duration of probiotic therapy (Ng et al. 2019). Consequently, a comprehensive 
gastroenterological assessment should precede supplementation, and the selection of probiotic products 
should be guided by clinical expertise and based on strains with established efficacy. Objective monitoring 
of gastrointestinal and behavioral outcomes is essential to accurately assess treatment effects. While 
probiotics are not a primary therapy for ASD, they may provide value within a multidisciplinary 
management framework, contributing to symptom alleviation and enhancing overall quality of life 
(Srikantha and Mohajeri 2019). 

Digestive Enzymes 

Several studies have investigated the potential effects of digestive enzyme supplementation on symptom 
severity in children with ASD (Martínez-González and Andreo-Martínez 2019). In a three-month randomized 
controlled trial, Neo-Digestin was administered to 101 children aged 3–9 years, demonstrating moderate 
benefits and good tolerability (Saad et al. 2015). Conversely, a six-month double-blind, placebo-controlled 
RCT evaluating Peptizyde™—a combination of peptidase, protease 4.5, and papain—among 43 children 
aged 3–8 years found no statistically significant differences between the treatment and placebo groups 
(Munasinghe et al. 2010). While digestive enzymes are generally considered safe, current evidence does 
not substantiate their efficacy for addressing the core features of ASD; however, they may be considered 
for children experiencing significant gastrointestinal symptoms (Sathe et al. 2017, Andreo‐Martínez et al. 
2020). 

Scientific Basis 

Gastrointestinal (GI) disturbances, including bloating, constipation, diarrhea, and food intolerances, are 
frequently reported in individuals with ASD (McElhanon et al. 2014). Consequently, digestive enzyme 
supplementation is being explored as an adjunctive intervention to support gastrointestinal function and 
mitigate potential malabsorption (Martínez-González and Andreo-Martínez 2023). This strategy primarily 



1275 Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 
 
targets the digestion of complex substrates such as proteins, lactose, gluten, and casein (Brudnak et al. 
2002). 

Application  

Digestive enzymes of both pancreatic and microbial origin are employed to enhance nutrient digestion and 
absorption, particularly in individuals with ASD who experience gastrointestinal challenges. These 
enzymes act on specific macronutrients: proteases and peptidases facilitate protein digestion, amylase 
and lactase degrade carbohydrates, and lipase promotes fat hydrolysis. Additionally, specialized enzymes 
such as dipeptidyl peptidase IV (DPP-IV) assist in breaking down proteins like gluten and casein, which may 
be linked to behavioral or gastrointestinal symptoms in ASD. Digestive enzyme supplements are typically 
administered orally with meals to optimize digestive efficiency (Martínez-González and Andreo-Martínez 
2023). 

Table 12. Evidence on enzyme supplementation in autism spectrum disorder 
Source Findings Level of Evidence 
Munasinghe et al. 2010 Partial improvement in behavior, reduction in GI symptoms C  
Brudnak et al. 2002  Increased GI tolerance with enzyme supplementation, 

limited effect on behavior 
C 

Nye and Brice 2005  Insufficient data to demonstrate efficacy, more RCTs needed D 
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Effectiveness  

GI improvements have been reported in the form of reduced bloating, gas, and indigestion. Some 
individuals also exhibited modest behavioral benefits, particularly reductions in irritability and 
hyperactivity (Sanctuary et al. 2019). Enhanced tolerance to specific foods, leading to a broader dietary 
intake, has also been observed in select cases (Martínez-González and Andreo-Martínez 2023). However, 
behavioral outcomes remain inconsistent and lack generalizability. In a small-scale randomized controlled 
trial, Munasinghe et al. (2010) observed significant improvements in gastrointestinal symptoms relative to 
the placebo group, although no notable changes were detected in behavioral measures (Munasinghe et al. 
2010). 

Clinical Comment 

Digestive enzyme supplementation may be considered for individuals with ASD, particularly those 
presenting with pronounced gastrointestinal issues or food sensitivities. Current evidence, however, does 
not support a direct effect of these supplements on core ASD symptoms (Nye and Brice 2005). Their 
potential benefit is likely mediated indirectly through the alleviation of gastrointestinal discomfort, which 
may subsequently enhance behavior and overall well-being. For individuals with gluten or casein 
sensitivities, specialized enzyme formulations, such as those containing DPP-IV, may be preferred. 
Nonetheless, the administration of digestive enzyme supplements should always follow a comprehensive 
evaluation by a pediatric gastroenterologist or dietitian to ensure safety, appropriate selection, and 
correct dosing. 

Herbal Medicines 

Chan et al. (2014) investigated the potential cognitive-enhancing effects of intranasally administered 
traditional Chinese medicinal substances, Borneo and Borax, in a cohort of 15 children with ASD. The study 
reported improvements in cognitive flexibility, attention span, and planning abilities within the treatment 
group. Similarly, Yokukansan—a traditional Japanese herbal remedy commonly used to manage agitation 
and behavioral disturbances in dementia—was evaluated in a 12-week open-label trial involving 40 
individuals with ASD, with 90% of participants demonstrating clinically meaningful improvements and no 
serious adverse events observed (Miyaoka et al. 2013). Ginkgo biloba, recognized for its anti-inflammatory 
properties and potential cognitive benefits, was assessed in a 10-week double-blind, placebo-controlled 
study including 47 autistic children aged 4–12; however, no statistically significant differences were 
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detected between the treatment and placebo groups (Hasanzadeh et al. 2012). While generally well 
tolerated, current evidence does not support Ginkgo biloba as a viable treatment option for pediatric ASD 
populations (Rossignol and Frye 2012b). 

Scientific Basis 

The use of complementary and alternative medicine (CAM) is increasingly observed in individuals with ASD, 
with herbal medicines and phytotherapeutic interventions being particularly prominent (Adams et al. 
2011a). Nonetheless, the evidence supporting the efficacy, safety, and scientific rationale of these 
approaches remains limited (Bang et al. 2017). Typically, herbal products are employed to mitigate 
behavioral symptoms such as anxiety, insomnia, and irritability, or to modulate neuroinflammatory 
processes (Pereira et al. 2025). 

Several herbal and plant-derived compounds have been explored as complementary interventions in the 
management of ASD, primarily targeting cognition, anxiety, and behavioral regulation. Ginkgo biloba has 
been investigated for its potential cognitive-enhancing effects, which may support attention and memory 
functions (Tsolaki et al. 2020). Melissa officinalis (lemon balm) is commonly employed for its calming 
properties, offering a potential means to reduce anxiety and improve sleep quality (Cases et al. 2011). 
Passiflora incarnata has been utilized to manage restlessness and sleep disturbances (Janda et al. 2020). 
Curcumin, the bioactive compound in turmeric, has attracted interest for its potent antioxidant and anti-
inflammatory properties, which may mitigate neuroinflammation (Esmaeili et al. 2020). Additionally, 
cannabidiol (CBD) is under active investigation for its potential to reduce irritability, hyperactivity, and 
anxiety in individuals with ASD (Pretzsch et al. 2021). Although these herbal interventions demonstrate 
preliminary promise, the evidence largely derives from limited or small-scale studies. Consequently, their 
use should be regarded as complementary rather than a substitute for evidence-based medical or 
behavioral therapies and should always be administered under the guidance of a qualified healthcare 
professional. 

Table 13. Major herbal products used in autism spectrum disorder and their level of scientific evidence 
Herbal Product Targeted Symptoms  Observed/Reported Effects  Level of Evidence Sources 
Ginkgo biloba Attention, memory, 

cognitive functions 
Increased attention, 
improvement in overall 
calmness 

Low–Moderate (small-
scale studies) 

Tsolaki et 
al. 2020 

Melissa officinalis 
(Lemon balm) 

Anxiety, sleep 
disorders 

Sedative effect, reduction in 
anxiety, improvement in sleep 
quality 

Low Cases et al. 
2011 

Passiflora 
incarnata 

Restlessness, sleep 
problems 

Short-term sedative effect, 
reduction in agitation 

Low Janda et al. 
2020 

Curcumin Neuroinflammation, 
behavioral regulation 

Antioxidant and anti-
inflammatory effect, reduction 
in inflammation markers 

Low (primarily 
biochemical data) 

Esmaeili et 
al. 2020 

Cannabidiol 
(CBD) 

Irritability, 
hyperactivity, anxiety 

Reduction in irritability and 
agitation 

Low–Moderate (active 
research area) 

Pretzsch et 
al. 2021 

Effectiveness  

Studies examining herbal and plant-derived supplements in individuals with ASD have reported several 
potential benefits. These include reductions in anxiety and insomnia, with certain herbs demonstrating 
short-term calming effects; decreases in agitation and aggression, often reflected in improved irritability 
scores; and enhancements in attention and overall calmness, particularly noted with Ginkgo biloba. 
Additionally, compounds such as curcumin have been linked to partial reductions in neuroinflammation 
markers, suggesting potential biochemical benefits. However, most of these findings are based on 
parental reports, open-label designs, or uncontrolled observational studies, which substantially limit their 
scientific rigor and reproducibility. Therefore, high-quality randomized controlled trials are needed to 
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establish the efficacy and safety of these interventions before they can be recommended for routine 
clinical use (Siafis et al. 2022). 

Clinical Comment 

Although herbal medicines are often perceived as harmless nutritional supplements, many possess 
pharmacologically active properties and may cause adverse effects or interact with other medications 
(Posadzki et al.). Consequently, their use—particularly in pediatric populations—requires caution and 
professional oversight (Hasanzadeh et al. 2012). Major concerns regarding herbal therapies in ASD include 
uncertainty surrounding the dosage of active constituents and the lack of product standardization, both 
of which hinder reliable assessments of efficacy and safety. Additionally, potential interactions with 
prescribed medications may pose significant health risks, and the long-term safety profiles of certain 
compounds, such as CBD, remain insufficiently characterized. Overall, although phytotherapeutic 
interventions may offer symptomatic relief (e.g., reductions in anxiety or irritability), there is no high-
quality scientific evidence demonstrating direct improvements in core ASD symptoms. For these reasons, 
the use of herbal or plant-based products should occur only after evaluation by a physician, child 
psychiatrist, or a clinician experienced in phytotherapy (El-Alfy et al. 2010). 

Melatonin 

Melatonin represents one of the most extensively studied complementary and alternative medicine (CAM) 
interventions for managing sleep disturbances in children and adolescents with ASD, with its efficacy 
supported by numerous randomized, double-blind, placebo-controlled trials. Evidence indicates that 
individuals with ASD may exhibit altered melatonin synthesis and secretion relative to typically developing 
peers (Tordjman et al. 2013). Robust clinical data confirm melatonin’s effectiveness in addressing sleep-
related difficulties in this population (Gringras et al. 2017). Well-designed trials have demonstrated that 
melatonin both reduces sleep onset latency and prolongs total sleep duration, with a favorable tolerability 
profile in pediatric ASD cohorts (Malow et al. 2012). Additionally, an open-label study administering doses 
of 0.75–6 mg prior to bedtime reported significant improvements in sleep patterns (Andersen et al. 2008). 
Overall, melatonin is considered a safe and effective intervention for sleep disturbances in children with 
ASD (Klein and Kemper 2016). 

Scientific Basis 

Sleep disturbances—including difficulty initiating sleep, frequent nocturnal awakenings, early morning 
awakenings, and reduced total sleep duration—are commonly observed in individuals with ASD (Malow et 
al. 2012). Research indicates that children with ASD often exhibit reduced melatonin production or 
disrupted circadian rhythms (Andersen et al. 2008). Consequently, melatonin supplementation has 
emerged as a prominent complementary intervention for managing these sleep-related challenges (Maras 
et al. 2018). Melatonin represents one of the most extensively studied and scientifically validated 
complementary interventions for ASD, with its efficacy supported by randomized controlled trials and 
meta-analyses (Malow et al. 2012). 

Table 14. Evidence on melatonin and sleep interventions in autism spectrum disorder 
Source Findings Level of Evidence 
Rossignol and Frye 2011 Time to fall asleep and total sleep time improved A  
Malow et al. 2012 (RCT)  Significant increase in sleep quality, behavioral improvement A 
Gringras et al. 2012 Nighttime awakenings decreased with controlled-release 

melatonin 
A 

Andersen et al. 2008  Decreased sleep as well as anxiety B  
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Application 

Melatonin, a hormone secreted by the pineal gland, regulates the sleep–wake cycle and is frequently 
recommended for individuals with ASD due to its capacity to reduce sleep onset latency, increase total 
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sleep duration, decrease nighttime awakenings, and indirectly enhance daytime behavioral regulation. It 
is typically administered orally in tablet, liquid, or chewable forms, with doses ranging from 1 to 6 mg per 
day, adjusted according to age, weight, and clinical response. Melatonin is regarded as one of the safest 
and most extensively studied sleep-regulating agents in children with ASD, consistently demonstrating 
improvements in sleep patterns and overall quality of life (Gringras et al. 2017). 

Effectiveness 

Research on melatonin supplementation in individuals with ASD consistently demonstrates significant 
improvements in sleep and associated behaviors. Findings indicate that melatonin can reduce sleep onset 
latency by 20–60 minutes, extend total nighttime sleep by approximately 1–2 hours, and decrease the 
frequency of nocturnal awakenings. These sleep enhancements often correspond with improved daytime 
behaviors, including reductions in irritability, hyperactivity, and daytime fatigue. Parental stress levels also 
tend to decline as children establish more regular sleep patterns. Optimal outcomes are typically achieved 
using low initial doses, gradually titrated according to individual response and tolerance. Additionally, 
sustained-release melatonin formulations have been shown to maintain efficacy throughout the night, 
promoting more stable sleep patterns and overall functioning (Malow et al. 2021). 

Clinical Comment 

Melatonin supplementation is among the most rigorously supported complementary interventions for 
addressing sleep disturbances in children with ASD (Rossignol and Frye 2011). Its administration is 
associated with significant improvements in sleep regulation and related behavioral outcomes, while 
exhibiting an excellent safety profile. Adverse effects are minimal and infrequently reported, occasionally 
including morning drowsiness, restlessness, or mild gastrointestinal discomfort. Nevertheless, usage 
should be individualized and medically supervised, particularly in pediatric populations. Prior to initiating 
long-term melatonin therapy, a comprehensive pediatric assessment is recommended to determine 
treatment suitability. Initial dosing should commence at low levels (approximately 1 mg/day) and be titrated 
gradually based on clinical response and tolerance. Furthermore, melatonin therapy should be integrated 
with sleep hygiene strategies, including minimizing evening screen exposure and maintaining consistent 
bedtime routines, to optimize therapeutic efficacy (Gringras et al. 2017). 

Oxytocin 

Recent investigations have examined the potential role of neuropeptides, particularly oxytocin, in 
mitigating core symptoms of ASD (Parker et al. 2019). While some studies suggest that oxytocin may 
enhance social functioning, the overall evidence remains inconclusive (Romero-Martínez et al. 2021). A 
meta-analysis by Yoon Phaik Ooi et al. (2017) reported no significant improvement in social cognition in 
children with ASD following oxytocin administration (Ooi et al. 2017). Similarly, data from an unpublished 
randomized, double-blind, placebo-controlled trial presented at the International Meeting on Autism 
Research indicated that oxytocin had no effect on social withdrawal, though it may enhance social 
recognition (Anagnostou 2018).  

In contrast, Parker et al. (2017) observed improved social interaction outcomes in a comparable trial. 
Nevertheless, a 14-week randomized crossover study involving 31 children aged 3–8 years found no notable 
improvements (Yatawara et al. 2016), and comparable findings were reported in adolescents aged 12–18 
over a three-month period (Guastella et al. 2015). Furthermore, Dadds et al. (2014) did not identify 
meaningful benefits in social skills or repetitive behaviors in a cohort of 38 boys with ASD. Overall, 
intranasal oxytocin appears safe and well tolerated; however, current evidence does not robustly support 
its clinical application in ASD. Further rigorous, large-scale trials are warranted to clarify its therapeutic 
potential in pediatric ASD populations (Yamasue et al. 2020, Martinez-Cayuelas et al. 2022). 

Scientific Basis 

Oxytocin is a neuropeptide integral to social cognitive processes, including social bonding, facial 
recognition, empathy, and eye contact (Groppe et al. 2013). Owing to these functions, oxytocin has emerged 
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as a focus of biological interventions in ASD, where deficits in social communication represent a core 
symptom (Guastella et al. 2010). 

Application  

Oxytocin is most commonly administered intranasally, enabling direct access to the central nervous 
system via the olfactory pathways. Its potential therapeutic effects in ASD are mediated through multiple 
neurobiological mechanisms. Notably, oxytocin is believed to modulate the brain’s social reward circuitry, 
particularly within regions such as the amygdala and ventral striatum, thereby enhancing motivation for 
social engagement. It may also augment empathy, trust, and emotional perception, contributing to 
improvements in eye contact, social reciprocity, and responsiveness to emotional cues. Despite being one 
of the most extensively studied neuropeptides in ASD research, standardized dosing protocols remain 
undetermined. Clinical trials have typically employed daily doses ranging from 12 to 48 international units 
(IU), administered in one or two applications. Ongoing investigations continue to refine the optimal dosage 
and treatment duration necessary to achieve consistent social and behavioral benefits (Quintana et al. 
2016). 

Effectiveness 

Although research on oxytocin administration is expanding, findings remain inconsistent (Romero-
Martínez et al. 2021). While certain randomized controlled trials (RCTs) report beneficial effects, others fail 
to demonstrate statistically significant differences (Ooi et al. 2017). Research investigating oxytocin 
supplementation in individuals with ASD has identified several potential benefits related to social 
communication and emotional regulation. Commonly reported effects include increased eye contact, 
enhanced responsiveness to facial expressions, and improved emotional comprehension. Some 
participants also exhibited reduced social anxiety and greater ease in initiating or sustaining social 
interactions. Nevertheless, the effects of oxytocin demonstrate considerable individual variability, 
influenced by factors such as age, sex, genetic background, and baseline social functioning. In a large-
scale randomized controlled trial, Sikich et al. (2021) found no statistically significant improvements in the 
overall cohort compared to placebo; however, positive outcomes were observed in specific subgroups, 
particularly among individuals with lower baseline social functioning, indicating that oxytocin’s efficacy 
may be context-dependent and individualized. 

Table 15. Evidence on oxytocin and related ınterventions in autism spectrum disorder 
Source Findings Level of Evidence 
Guastella et al. 2010  Increased eye contact, improved social responsiveness B  
Parker et al. 2017 (RCT)  Individual level benefits in social skills B 
Sikich et al. 2021  
(Phase 3 RCT)  

No significant difference across groups; individual 
variability 

B 

Ooi et al. 2017  Effects may be transient and dose independent C  
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

Oxytocin represents one of the few biologically based interventions that directly target social 
communication deficits in individuals with ASD. Its mechanism, involving modulation of the brain’s social 
reward pathways, renders it a particularly compelling candidate for addressing core social challenges in 
ASD. Despite encouraging preliminary findings, current research underscores several limitations. 
Oxytocin’s efficacy appears highly contingent on individual factors, including genetic background, age, and 
baseline social functioning. Moreover, long-term safety and effectiveness data remain limited, and 
outcomes across studies have been inconsistent. Clinically, oxytocin is generally well tolerated, with only 
mild adverse effects reported, such as headache, nasal irritation, or transient emotional fluctuations 
(Sikich et al. 2021). Given the absence of standardized treatment protocols and definitive evidence of 
sustained benefit, oxytocin administration should currently be considered experimental. Treatment is 
recommended solely within controlled clinical research settings or under the supervision of a qualified 
specialist (Parker et al. 2017, Yamasue et al. 2020). Collectively, these findings suggest that while oxytocin 
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holds potential as a social cognition–enhancing intervention, its routine clinical applicability remains 
limited until further high-quality, long-term randomized controlled trials substantiate its efficacy and 
safety. 

L-Carnosine 

L-Carnosine, a dipeptide with established antioxidant properties, is hypothesized to modulate γ-
aminobutyric acid (GABA) pathways in the brain and may exhibit anticonvulsant effects (Hipkiss 2009). In 
an eight-week double-blind, placebo-controlled trial, the efficacy of L-carnosine supplementation was 
evaluated in children aged 3 to 12 years diagnosed with ASD (Chez et al. 2002). The study reported no 
statistically significant differences between the treatment and placebo groups. One adverse effect 
observed in the treatment cohort was increased hyperactivity, which resolved upon dosage reduction. 
Overall, L-carnosine appears well tolerated and safe; however, further high-quality research is required to 
ascertain its therapeutic potential in pediatric ASD populations (Chez et al. 2002). 

Scientific Basis 

The potential therapeutic effects of L-Carnosine in individuals with ASD are primarily attributed to its 
antioxidant and neuroprotective properties. This dipeptide, composed of beta-alanine and histidine, is 
endogenously present in brain and muscle tissues and is thought to support neuronal stability and synaptic 
efficiency. Mechanistically, L-Carnosine may mitigate oxidative stress, thereby protecting neural cells 
from free radical damage, while also promoting synaptic plasticity and neurotransmission critical for 
learning, memory, and cognitive flexibility. Additionally, its neuroprotective and metabolic regulatory 
effects may enhance cognitive and communication-related functions in ASD.  

Application 

Clinical studies have predominantly employed oral supplementation, with daily doses ranging from 400 to 
800 mg administered over several weeks to months, depending on study design and participant 
characteristics (Ghanizadeh and Moghimi-Sarani 2013). 

Table 16. Evidence regarding L-carnosine and related antioxidant interventions in autism spectrum 
disorder 
Source Findings Level of Evidence 
Chez et al. 2002 Improvements were observed in receptive language, 

social interaction, and behavior. 
B 

Ghanizadeh and Moghimi-Sarani 
2013 

Partial improvement was observed in hyperactivity 
and sleep quality. 

C 

Lee et al. 2021 (Updated systematic 
review and meta-analysis) 

Improvements were observed in 
irritability/hyperactivity and social awareness. 

A  

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Clinical investigations evaluating the effects of L-Carnosine in ASD remain limited, with evidence primarily 
derived from a small number of pilot studies and small-scale randomized controlled trials (Abraham et al. 
2021). In a randomized controlled trial by Chez et al. (2002), L-Carnosine supplementation in children with 
ASD yielded preliminary yet notable outcomes. The study observed increases in receptive language scores, 
indicating potential enhancement of language comprehension and processing. Additionally, children 
receiving supplementation demonstrated modest improvements in eye contact and social awareness, 
reflecting gains in social responsiveness. Partial reductions in stereotypic behaviors were also reported, 
suggesting possible benefits for behavioral regulation. Subsequent studies have provided limited 
supportive evidence, noting short-term improvements in hyperactivity, sleep quality, and emotional 
regulation. However, findings remain inconsistent across trials, and long-term follow-up data are lacking, 
precluding definitive conclusions regarding sustained efficacy. Overall, early evidence suggests potential 
benefits of L-Carnosine in select ASD symptom domains, yet further large-scale, placebo-controlled 
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studies are required to confirm its long-term efficacy and elucidate underlying mechanisms (Chez et al. 
2002). 

Clinical Comment 

L-Carnosine is considered a low-risk supportive supplement with potential to mitigate certain biochemical 
imbalances observed in individuals with ASD (Chez et al. 2002). Its purported benefits are primarily 
attributed to antioxidant and neuroprotective properties, which may contribute to modest improvements 
in language development, attention, and social communication. However, empirical support for its efficacy 
remains limited. To date, only a small number of investigations—including a single randomized controlled 
trial and several observational studies—have assessed its therapeutic potential. Observed effects exhibit 
considerable interindividual variability, with some children demonstrating measurable benefits while 
others show minimal or no response. Furthermore, administration of excessive doses has occasionally 
been associated with mild side effects, such as irritability or restlessness (Rossignol and Frye 2014). Given 
the paucity of robust clinical data, L-Carnosine is not recommended for routine clinical use. Rather, it is 
regarded as a promising yet experimental intervention, appropriate only under professional supervision 
and within controlled research settings (Frye and Rossignol 2016). Although the current evidence base is 
low to moderate, recent analyses suggest that L-Carnosine may produce encouraging outcomes in specific 
domains, particularly language skills and social responsiveness, underscoring the need for further high-
quality, long-term clinical trials (Abraham et al. 2021). 

N-acetylcysteine (NAC) 

N-acetylcysteine (NAC), recognized for its antioxidant properties, also modulates extracellular glutamate 
levels (Hardan et al. 2012). Glutamate serves as the brain’s primary excitatory neurotransmitter, and 
excessive excitatory signaling has been implicated in specific subtypes of ASD (Rubenstein and Merzenich 
2003). In a 12-week double-blind, placebo-controlled trial involving 33 children aged 3 to 10 years, NAC 
significantly reduced irritability, as assessed by the ABC-Irritability subscale, and was well tolerated, with 
no notable differences in adverse events between groups (Hardan et al. 2012). Conversely, another 12-week 
randomized controlled trial including 31 children aged 4 to 12 years reported no significant changes in core 
autism symptoms or associated behaviors, such as hyperactivity and irritability (Wink et al. 2016). When 
administered adjunctively with risperidone, findings from two separate randomized controlled trials 
demonstrated greater reductions in ABC-Irritability scores compared to the placebo plus risperidone 
group, although no significant effects were observed on baseline autism symptoms or hyperactivity 
(Ghanizadeh and Moghimi-Sarani 2013; Nikoo et al. 2015). Reported side effects of NAC included 
constipation, increased appetite, fatigue, irritability, and daytime sleepiness (Wink et al. 2016). Overall, NAC 
appears safe and may ameliorate irritability in children with ASD, either as a monotherapy or in 
combination with risperidone. However, robust evidence supporting its efficacy in addressing core ASD 
features remains lacking (Slattery et al. 2015). 

Table 17. N-Acetylcysteine (NAC) applications and scientific evidence in autism spectrum disorder 
Source Findings Level of Evidence 
Hardan et al. 2012 (RCT)  Irritability significantly decreased B  
Ghanizadeh and Moghimi-
Sarani 2013  

Hyperactivity and stereotypy decreased with NAC B 

Dean et al. 2017 (Review)  Promising effect but limited studies B/C 
Wink et al. 2016 Increased glutathione levels, slight improvement in behavior C  

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Scientific Basis 

NAC, an amino acid derivative and precursor of glutathione synthesis, exhibits potent antioxidant 
properties (Bavarsad Shahripour et al. 2014). Given the pathophysiological mechanisms implicated in ASD, 
including elevated oxidative stress, neuroinflammation, and glutamate dysregulation, NAC has been 



Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 1282 
 

investigated as a potential adjunctive therapy, particularly for behavioral disturbances such as irritability 
and aggression (Dean et al. 2011). 

The therapeutic potential of NAC in ASD is primarily linked to its antioxidant and neuroregulatory actions. 
As a precursor to glutathione, a critical endogenous antioxidant, NAC mitigates oxidative stress, a 
mechanism frequently implicated in ASD pathophysiology. Furthermore, NAC modulates synaptic function 
by restoring glutamate homeostasis, which is essential for neuronal signaling and behavioral regulation. 
Its anti-inflammatory properties, mediated through suppression of neuroinflammatory pathways and 
microglial activation, may further contribute to improvements in neurological and behavioral outcomes. 

Application 

In both clinical and research settings, NAC is typically administered orally in divided doses ranging from 
900 to 2,700 mg per day, adjusted according to age and tolerance. Treatment durations in most studies 
span 8 to 12 weeks, allowing evaluation of short-term behavioral and biochemical effects (Ghanizadeh and 
Moghimi-Sarani 2013). 

Effectiveness 

Several small-scale RCTs and systematic reviews have examined the efficacy of NAC in managing ASD (Lee 
et al. 2021). While findings are generally encouraging, the overall strength of evidence remains moderate 
due to study heterogeneity and methodological variability (Hardan et al. 2012). 

Research on NAC supplementation in individuals with ASD has reported several favorable outcomes across 
behavioral and biochemical domains. The most consistently observed effects include reductions in 
irritability and aggressive behaviors, alongside modest improvements in stereotypic and repetitive 
behaviors. NAC has also been linked to enhanced emotional regulation and increased glutathione levels, 
reflecting its role in augmenting antioxidant capacity and mitigating oxidative stress in neural tissues. 
Regarding tolerability, NAC is generally considered safe, with adverse effects typically mild and transient, 
including appetite loss, nausea, and fatigue. Collectively, these findings suggest that NAC may function as 
a supportive adjunctive intervention for behavioral regulation in ASD when administered under 
professional supervision (Lee et al. 2021). 

Clinical Comment 

NAC is increasingly recognized as a promising complementary intervention for managing irritability and 
behavioral dysregulation in individuals with ASD (Dean et al. 2011). Evidence suggests that NAC may 
enhance the efficacy of pharmacological treatments, particularly antipsychotics such as risperidone, by 
reducing behavioral outbursts and improving overall treatment response. Mechanistically, NAC supports 
neurobiological stability through augmentation of antioxidant defenses and promotion of glutathione 
synthesis, thereby mitigating oxidative and inflammatory stress within the central nervous system 
(Ghanizadeh and Moghimi-Sarani 2013). Despite these encouraging findings, the optimal dosage and long-
term safety profile of NAC remain insufficiently defined (Dean et al. 2011). Consequently, its administration 
should be individualized according to biochemical needs and undertaken under the supervision of a child 
psychiatrist or pediatric neurologist (Fung et al. 2016). Overall, current evidence positions NAC as a 
supportive adjunctive therapy for irritability, anger, and stereotypic behaviors in ASD, while further large-
scale, controlled trials are required to establish standardized treatment protocols and confirm its efficacy 
(Wink et al. 2016). 

Dimethylglycine (DMG) 

DMG, a dimethylated derivative of the amino acid glycine, has been investigated as a nutritional 
supplement for children with ASD. In a four-week, double-blind, randomized, placebo-controlled trial 
involving 37 children aged 3–11 years diagnosed with autism or pervasive developmental disorder, both the 
DMG and placebo groups exhibited improvements; however, no statistically significant differences were 
observed between groups, and adverse events were comparable (Kern et al. 2001). Similarly, a placebo-
controlled crossover study with eight male participants aged 4–30 years reported no meaningful 
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differences in any measured outcomes between DMG and placebo, and no side effects were noted (Bolman 
and Richmond 1999). Currently, available evidence does not support the efficacy of DMG as a therapeutic 
intervention for autism in children (Levy and Hyman 2015). 

Scientific Basis 

DMG is a naturally occurring amino acid derivative involved in choline metabolism and functions as a methyl 
group donor. It is believed to contribute to cellular energy production, the methylation cycle, and immune 
system regulation. Historically, particularly during the 1980s and 1990s, DMG was employed as a 
complementary intervention in children with autism, with the intention of supporting improvements in 
speech, attention, and social interaction (Rossignol and Frye 2014). Research on DMG remains limited, and 
the existing evidence does not substantiate its efficacy (Kern et al. 2001). The majority of available studies 
involve small sample sizes and exhibit notable methodological limitations. 

The putative effects of DMG in individuals with ASD are proposed to operate through multiple biological 
mechanisms (Bolman and Richmond, 1999). DMG is hypothesized to support the methylation cycle, a critical 
pathway involved in DNA synthesis, neurotransmitter regulation, and detoxification processes. It may also 
enhance neuronal communication by modulating neurotransmitter activity, potentially contributing to 
improved cognitive and behavioral functioning. Furthermore, DMG has been suggested to facilitate 
immune system regulation and augment cellular energy production by increasing adenosine triphosphate 
(ATP) levels in neural cells, which could promote mental alertness and responsiveness. Despite these 
theoretical mechanisms, the empirical evidence supporting DMG’s efficacy remains limited, and additional 
well-controlled studies are required to establish its therapeutic potential in ASD. 

Application 

Clinically, DMG is typically administered orally at daily doses ranging from 100 to 250 mg, with treatment 
protocols tailored to individual response and tolerance (Rossignol and Frye 2014).  

Table 18. Scientific evidence for dimethylglycine (DMG) in autism spectrum disorder 
Source Findings Level of Evidence 
Bolman and Richmond 1999 No significant difference between DMG group and placebo C 
Kern et al. 2001  Some individual improvements according to parent reports D 
Nye and Brice 2005 
(Cochrane)  

Insufficient evidence; efficacy not demonstrated D 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Although anecdotal reports have suggested that DMG supplementation may enhance language production, 
extend attention span, and reduce restlessness in individuals with ASD, these claims lack consistent 
empirical support. In a double-blind, placebo-controlled trial by Bolman and Richmond (1999), no 
statistically significant differences were observed between the DMG and placebo groups in behavioral or 
cognitive outcomes. These findings suggest that perceived benefits of DMG are largely based on subjective 
observations rather than objectively measured clinical effects. Consequently, while DMG has been 
proposed as a potential supportive supplement, current evidence does not substantiate its efficacy in 
ameliorating ASD-related symptoms. 

Clinical Comment 

DMG is a widely utilized yet scientifically unsubstantiated supplement in the management of ASD. Despite 
its prevalence within alternative treatment modalities, the absence of robust clinical evidence and the 
inconsistency of reported outcomes preclude its endorsement for routine clinical use. DMG is not 
incorporated into standard treatment guidelines, and available studies have failed to demonstrate 
reproducible or consistent therapeutic effects. While some individuals may report subjective 
improvements, such observations are anecdotal and cannot be generalized to the broader ASD population. 
Mild adverse effects, including headache and irritability, have been occasionally documented. Accordingly, 
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DMG should be considered a low-priority and weakly supported intervention in ASD management. Existing 
literature indicates that, although DMG has been the focus of early exploratory research and isolated case 
observations, there remains no substantial scientific justification for its incorporation into evidence-
based clinical practice (Levy and Hyman 2003). 

Sulforaphane 

Sulforaphane (SFN) is an isothiocyanate derived from glucoraphanin, a glucosinolate abundant in 
cruciferous vegetables such as broccoli, cauliflower, kale, cabbage, Brussels sprouts, mustard greens, and 
cress (McGuinness and Kim 2020). Renowned for its antioxidant properties, SFN has demonstrated efficacy 
in reducing irritability and lethargy while enhancing social communication in a randomized, double-blind, 
placebo-controlled trial involving adolescents and young adults with ASD aged 13 to 27 (Singh et al. 2014). 
A 2020 systematic review further corroborated these findings, reporting significant improvements in 
behavioral, cognitive, and social domains following SFN supplementation in individuals with ASD 
(McGuinness and Kim 2020).(CAM interventions such as SFN offer promising adjunctive strategies for 
symptom management. Current evidence indicates that SFN is a safe and potentially effective intervention 
for ASD and other neurological conditions, with minimal adverse effects observed (Zimmerman et al. 2021). 
Continued investigation into SFN and similar phytochemicals is essential for expanding therapeutic 
options aimed at alleviating core and associated symptoms of ASD (Bessetti and Litwa 2025). 

Scientific Basis  

SFN, particularly abundant in broccoli, is an isothiocyanate generated from the conversion of 
glucoraphanin, a naturally occurring compound in cruciferous vegetables such as Brussels sprouts and 
cabbage (Singh et al. 2014). It is well recognized for its potent antioxidant, anti-inflammatory, 
neuroprotective, and detoxification-enhancing properties. In the context of ASD, SFN has garnered 
scientific interest due to its capacity to activate cellular defense pathways and potentially modulate 
neuronal oxidative stress and other cellular stress responses (Singh et al. 2014).  

The potential therapeutic effects of SFN in individuals with ASD are believed to arise from multiple 
interconnected biological mechanisms. SFN activates the Nrf2 signaling pathway, thereby enhancing 
cellular antioxidant defenses and increasing resilience to oxidative stress. This activation promotes 
glutathione synthesis, a key antioxidant critical for maintaining neuronal and metabolic homeostasis. 
Additionally, SFN appears to suppress neuroinflammatory processes implicated in ASD pathophysiology 
and may support synaptic plasticity and neuronal resilience through upregulation of intracellular heat 
shock proteins, thereby improving neuronal communication (Fahey and Kensler 2021). While these 
biological mechanisms indicate substantial neuroprotective potential, further large-scale, controlled 
studies are required to validate its clinical efficacy in ASD. 

Application 

Clinically, sulforaphane is administered orally, typically as a broccoli sprout extract, with  commonly used 
doses ranging from 50 to 150 µmol per day (Fahey and Kensler 2021).  

Effectiveness 

Randomized controlled trials have investigated SFN, and while the findings are promising, the overall level 
of evidence remains moderate due to the limited sample sizes employed (Zimmerman et al. 2021). In a 
double-blind, placebo-controlled trial conducted by Singh et al. (2014) in individuals with ASD aged 13 to 27 
years, SFN supplementation produced several notable benefits. Participants receiving SFN exhibited 
enhanced social interaction, improved verbal communication, and reduced stereotypic behaviors relative 
to the placebo group. These behavioral improvements were accompanied by increased cellular resilience, 
attributed to activation of the heat shock response, which protects neurons from oxidative and metabolic 
stress. However, the benefits were transient and diminished after treatment cessation, suggesting that 
sustained supplementation may be required to maintain therapeutic effects. Subsequent reviews, 
including that of Ruhee and Suzuki (2020), have reinforced these findings, emphasizing that SFN’s 
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therapeutic potential likely relies on its continued activation of antioxidant and cytoprotective pathways. 
Nevertheless, additional long-term studies are necessary to clarify its safety profile, optimal dosing, and 
durability of clinical effects. 

Table 19. Scientific evidence for sulforaphane applications in autism spectrum disorder 
Source Findings Level of Evidence 
Singh et al. 2014 (RCT)  Improvement in social behavior, eye contact, communication 

skills 
B  

Bent et al. 2018 Improvement in attention and social awareness in some 
individuals 

B 

Zimmerman et al. 2021 Decrease in neuroinflammatory markers, behavioral contribution C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

SFN is regarded as a promising yet still experimental adjunctive compound for the treatment of ASD (Singh 
et al. 2014). Evidence indicates that it may facilitate behavioral improvements, particularly in young adults 
exhibiting elevated oxidative stress (Wang et al. 2025). Its therapeutic effects are primarily attributed to 
the enhancement of antioxidant defenses and the attenuation of neuroinflammatory processes. 
Nonetheless, several limitations constrain its broader clinical adoption. Issues related to product 
standardization, bioavailability, and substantial interindividual variability in treatment response remain 
unresolved. Despite these challenges, reported adverse effects are generally mild, most commonly 
indigestion and transient changes in urine color. Given these considerations, sulforaphane use should be 
restricted to clinical trial contexts or administered under the supervision of a specialist physician. 
Although current findings suggest potential benefits in improving social interaction and mitigating 
oxidative stress in individuals with ASD, large-scale and rigorously controlled studies are still insufficient 
to justify its integration into routine clinical practice (Faraone et al. 2020). 

Cortexin 

Cortexin, a neurotrophic drug derived from lyophilized animal cortex, contains a complex mixture of 
neuropeptides, amino acids, and trace elements (Kurkin et al. 2025). It may also retain nucleoprotein 
complexes, DNA fragments, and chromatin components originating from the cerebral cortex (Kurkin et al. 
2021). These constituents collectively exhibit targeted activity aimed at correcting molecular and cellular 
dysfunctions across different stages of pathological processes (Gulyaeva 2018). Contemporary 
neurosignaling frameworks emphasize the continuum of regulatory processes from synaptic transmission 
to epigenetic modulation within the neuronal nucleus, highlighting the significance of corrective peptide 
molecules in these pathways (Gromova et al. 2019).  

The peptide-based components of cortexin, derived from animal brain tissue, interact with specific 
cellular and molecular targets, offering new perspectives on neuroprotective mechanisms. In a study by 
Zavadenko et al. (2020) involving 94 children aged 3–4 years with developmental dysphasia, the efficacy of 
two distinct cortexin treatment regimens was assessed. The findings indicated that two treatment courses 
administered over a two-month period were more effective than a single course in improving 
developmental outcomes (Zavadenko and Davydova 2019). 

Similarly, Zykov et al. (2018) evaluated cortexin’s efficacy in treating cognitive dysfunction in 635 children 
aged 3–7 years, including those diagnosed with ADHD (n = 269), speech delay (n = 215), perinatal CNS lesions 
(n = 82), and asthenic/neurotic syndrome (n = 69). Participants received a standard regimen of ten 
intramuscular cortexin doses. Post-treatment assessments of attention, visual memory, and thinking 
demonstrated significant improvements, supporting cortexin’s therapeutic benefit for cognitive 
impairment across these conditions. Earlier, Chutko et al. (2011) reported neuropsychological and 
neurophysiological improvements in a cohort of 30 children aged 7–12 years with memory difficulties 
following cortexin treatment. Collectively, these findings suggest that cortexin may offer clinically 
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meaningful benefits in pediatric neurodevelopmental and cognitive disorders; however, further large-
scale, controlled studies are needed to substantiate its efficacy and clarify its mechanisms. 

Scientific Basis  

Cortexin® is a low–molecular-weight polypeptide fraction derived from the bovine cerebral cortex 
(Gulyaeva 2018). It is a neuropeptide-based pharmacological agent widely used in the treatment of 
neurological disorders, particularly in Russia and several Eastern European countries. Interest in its 
potential applicability to ASD has grown due to its reported neurotrophic, antioxidant, and 
neuromodulatory properties (Karimian et al. 2025). Cortexin is a neuropeptide-based preparation proposed 
to enhance neuroplasticity and cortical function in individuals with neurological or developmental 
disorders, including ASD. Its reported mechanisms of action include the facilitation of synaptic 
transmission and neuroplasticity, improvement of cortical metabolic and cellular defense processes, 
support of antioxidant systems, maintenance of GABA–glutamate homeostasis, and modulation of 
cognitive functions (Degtyareva et al. 2024).  

Application 

Cortexin is generally administered via intramuscular injection in treatment courses lasting 10–20 days, with 
age-dependent dosing typically ranging from 5–10 mg per day in children. Although preliminary findings 
suggest potential cognitive and behavioral benefits, its use remains experimental due to the absence of 
standardized dosing protocols and a lack of large-scale, rigorously controlled clinical trials (Degtyareva et 
al. 2024). 

Effectiveness 

Most studies on Cortexin originate from Russia, involve limited sample sizes, and are not published in 
English-indexed journals. Although several open-label and small-scale investigations have reported 
positive outcomes, high-quality randomized controlled trials remain scarce (Zykov et al. 2018). 

Some studies evaluating Cortexin in individuals with ASD have reported improvements in receptive and 
expressive language, enhanced social interaction, and reductions in restlessness, stereotypic behaviors, 
and distractibility. In certain cases, researchers have also observed normalization of EEG patterns, 
suggesting a possible modulatory effect on neurophysiological activity (Guekht et al. 2011). However, these 
findings rely largely on parental reports, behavioral rating scales, and uncontrolled clinical observations, 
which substantially limit their scientific validity. In the absence of randomized controlled trials and 
standardized outcome measures, the current evidence remains preliminary, underscoring the need for 
more rigorous studies to clarify Cortexin’s therapeutic potential in ASD. 

Table 20. Scientific evidence for cortexin treatment in autism spectrum disorder 
Source Findings Level of Evidence 
Mamedov et al. 2007 
(Russian, open-label)  

Improvement in behavior and language development C  

Boksha et al. 2015  
(Neurobiology)  

Potentially supportive effect on cognitive function C 

Khairetdinov et al. 2016 Small sample size, short term; partial improvement in behavior C 
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

Cortexin is a neuropeptide-based compound used experimentally in the treatment of ASD and is widely 
prescribed in pediatric neurology and developmental disorders, particularly in Russia. However, no 
randomized controlled trials with internationally recognized methodological rigor are currently available. 
Its clinical use is not approved by regulatory authorities such as the FDA or EMA. It requires parenteral 
administration, which may pose practical difficulties in children. The mechanism of action and 
pharmacokinetic profile of its active components remain insufficiently clarified (Zykov et al. 
2018).Therefore, the use of Cortexin in ASD is not recommended within the framework of evidence-based 
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medicine and should be considered only within research protocols or region-specific clinical practices. 
Based on the current literature, Cortexin can be regarded as an experimental and localized intervention 
rather than a treatment supported by broadly accepted scientific evidence (Degtyareva et al. 2024). 

Hemp Oil 

Various components of the hemp plant serve as valuable sources of nutrients and bioactive compounds 
for dietary supplementation. The endocannabinoid system (ECS)—comprising endogenous cannabinoids, 
their receptors, and associated metabolic enzymes—plays a critical homeostatic role by modulating 
polyunsaturated omega-fatty-acid (PUFA) signaling to maintain balanced inflammatory and redox states 
(Aran et al. 2021). Whole-food dietary patterns and PUFA-rich nutritional interventions derived from animal 
sources (e.g., fish, squid, krill) or plant sources (e.g., hemp, flaxseed, walnuts, algae), including full-
spectrum hemp oils, are increasingly utilized to support metabolic health, reduce cardiovascular risk 
factors, enhance brain function and emotional well-being, and modulate inflammatory processes 
(Komarnytsky et al. 2021). 

Scientific Basis  

Hemp oil is derived from the industrial hemp plant (Cannabis sativa L.) and is characterized by its low 
tetrahydrocannabinol (THC) content and high concentrations of CBD. The use of hemp-based derivatives 
in ASD has gained scientific interest due to their potential effects on symptoms such as anxiety, 
aggression, temper tantrums, sleep disturbances, and sensory hypersensitivity (Bar-Lev Schleider et al. 
2019). The non-psychoactive nature of CBD, in particular, has contributed to its growing appeal for use in 
pediatric populations. 

CBD has garnered considerable attention as a potential adjunctive therapy for ASD due to its modulatory 
effects on the ECS. By influencing this system, CBD is thought to regulate synaptic transmission and 
neurotransmitter release, thereby modulating neurobiological pathways involved in mood, cognition, and 
behavior (Barchel et al. 2019). Additionally, CBD exhibits anxiolytic, antipsychotic, and neuromodulatory 
properties, which may enhance emotional regulation and mitigate behavioral dysregulation. It also 
contributes to the maintenance of excitatory–inhibitory balance by supporting GABAergic and 
glutamatergic neurotransmission. Furthermore, CBD may attenuate neuroinflammation and oxidative 
stress, both of which are implicated in the pathophysiology of ASD. Research investigating the effects of 
CBD on ASD symptoms remains limited but has grown in recent years. Although preliminary findings are 
promising, the overall level of evidence is considered moderate, and further randomized controlled trials 
are required to establish its efficacy (Pretzsch et al. 2019). 

Table 21. Scientific evidence for CBD supplementation in autism spectrum disorder 
Source Findings Level of Evidence 
Aran et al. 2021 (Open-label)  Significant reduction in anger, anxiety, insomnia, and 

behavior 
B  

Barchel et al. 2019  Over 80% positive parent report; no serious side effects B 
Pretzsch et al. 2021 (fMRI)  Post-CBD activation in social cognitive circuits B/C 
Fleury-Teixeira et al. 2019 Dose-dependent effect, reduction in behavioral problems C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Clinical and observational studies have indicated that CBD supplementation may confer beneficial effects 
in individuals with ASD. Reported outcomes include reductions in aggression, self-injurious behaviors, and 
temper tantrums, alongside decreased anxiety and restlessness (Fleury-Teixeira et al. 2019, Aran et al. 
2021). Improvements in sleep quality and social interaction have also been observed, with some evidence 
suggesting normalization of EEG activity, potentially reflecting modulation of neural excitability and 
connectivity. These effects have generally been accompanied by a favorable safety profile, with mild and 
transient adverse events such as drowsiness, appetite changes, and occasional gastrointestinal 
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disturbances. However, the majority of evidence derives from open-label studies and parent-reported 
outcomes, highlighting the need for large-scale, placebo-controlled randomized trials to more rigorously 
assess the efficacy and safety of CBD in ASD (Aran et al. 2021). 

Clinical Comment 

CBD-containing cannabis products are considered a complementary, individualized intervention for 
individuals with ASD, particularly for managing behavioral dysregulation, anxiety, and sleep disturbances. 
Although several studies indicate potential benefits, the current evidence base is limited and 
heterogeneous. Most research comprises uncontrolled, short-term studies with small sample sizes, 
constraining the generalizability of findings. Additionally, long-term safety data are scarce, and product 
composition, purity, and dosing vary significantly across regions and manufacturers. Regulatory 
frameworks differ, with medical CBD available by prescription in some countries and unregulated or 
restricted in others (Fleury-Teixeira et al. 2019). Given these limitations, CBD should not be considered a 
primary treatment for ASD but may serve as a supportive adjunct under professional supervision within a 
multidisciplinary care model. Large-scale, randomized, long-term clinical trials are necessary to establish 
its efficacy, optimal dosing, and safety profile before routine clinical integration. 

Hyperbaric Oxygen Therapy 

Several randomized controlled trials have investigated the potential efficacy of hyperbaric oxygen therapy 
(HBOT) in children with ASD; however, the findings remain inconsistent and largely unconvincing. Overall, 
the current evidence does not reliably demonstrate significant improvements in core ASD symptoms 
following HBOT (Ghanizadeh et al. 2012). Given its high cost and associated risks, including barotrauma 
under elevated pressure conditions, HBOT is not recommended (Sampanthavivat et al. 2012). A Cochrane 
review further concluded that additional clinical research on HBOT for ASD is unwarranted, suggesting that 
future efforts should focus on more promising interventions such as behavioral therapies, developmental 
approaches, and pharmacological treatments (Xiong et al. 2016). Although a single randomized trial 
involving 60 children aged 3 to 9 reported positive outcomes, these results have yet to be independently 
validated (Sakulchit et al. 2017). At present, there is insufficient evidence to support HBOT as an effective 
treatment for ASD, and its routine use is not justified. 

Scientific Basis  

HBOT involves the administration of 100% oxygen within specially designed pressure chambers at 
pressures typically ranging from 1.3 to 2.0 atmospheres absolute. In the context of ASD, HBOT has been 
hypothesized to enhance oxygen delivery to hypoperfused brain regions, potentially improving neuronal 
metabolism and function, while simultaneously mitigating neuroinflammatory processes (Granpeesheh et 
al. 2010).  

The proposed mechanisms of HBOT in ASD include increasing cerebral oxygenation to enhance function in 
hypoperfused regions, attenuating neuroinflammatory processes, and modulating microglial activity to 
support synaptic homeostasis. Additionally, HBOT may stimulate antioxidant defenses and improve 
mitochondrial metabolism, contributing to neuroprotection and cerebral energy regulation (Rossignol et 
al. 2009). 

Application 

Clinically, HBOT is typically delivered at 1.3–1.5 ATA, with sessions lasting 60–90 minutes, administered five 
to six times per week, and a full treatment course generally comprising 30–40 sessions (Rossignol et al. 
2009).  

Effectiveness 

Despite its theoretical potential to influence neurobiological mechanisms relevant to ASD, robust evidence 
for its clinical efficacy remains lacking, and further controlled studies are necessary to establish its 
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therapeutic validity. Although some studies on HBOT report positive individual changes, high-quality meta-
analysis and systematic reviews indicate that the effects are not statistically significant. 

Table 22. Scientific evidence for hyperbaric oxygen therapy (HBOT) in autism spectrum disorder 
Source Findings Level of Evidence 
Rossignol et al. 2009 (RCT)  1.3 ATA group showed some improvements, but 

similar to placebo 
B 

Granpeesheh et al. 2010 (RCT) No significant difference between HBOT and placebo B 
Xiong et al. 2016 (Meta-analysis)  Overall, HBOT has weak and heterogeneous effects C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

HBOT has been explored as a potential intervention for children with ASD, with some studies and case 
reports indicating modest improvements in behavioral and social domains. Observed benefits include 
increased eye contact and social responsiveness, reduced stereotypic behaviors, and slight 
enhancements in communication attempts. However, these findings are predominantly based on parental 
reports and uncontrolled studies with small sample sizes, limiting their reliability and generalizability. To 
date, large-scale randomized controlled trials have not produced conclusive evidence supporting HBOT as 
an effective treatment for ASD. Regarding safety, HBOT is generally well tolerated, though adverse effects 
such as ear pressure or discomfort, rare seizure occurrence, and claustrophobia have been reported, 
underscoring the need for administration within specialized clinical settings under strict medical 
supervision. HBOT remains an experimental intervention for ASD and is occasionally considered for 
children with symptoms refractory to conventional therapies. Its routine clinical use is not supported due 
to insufficient scientific evidence, high cost, limited accessibility, and lack of approval by regulatory 
authorities such as the U.S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA). 
Consequently, HBOT should be confined to controlled research protocols under physician supervision. 
Although a few studies suggest minor symptomatic improvements in some cases, the overall evidence 
remains weak and does not justify its incorporation into evidence-based treatment guidelines (Xiong et al. 
2016). 

Neurofeedback 

Neurofeedback (NF) is a brain-training technique that enables individuals to self-regulate neural activity 
by providing real-time feedback of electroencephalographic (EEG) signals through visual or auditory cues. 
Given the documented EEG abnormalities in individuals with ASD, NF has been applied as a potential 
intervention for this population. In an open, placebo-controlled study, Pineda and colleagues aimed to 
enhance mirror neuron–related wave suppression using NF, reporting improvements in attention 
maintenance and sensory-cognitive domains based on parent-completed assessments (Lofthouse et al. 
2012). Conversely, a controlled trial assessing EEG biofeedback found no significant symptom 
improvement immediately post-treatment or at six-month follow-up (Kouijzer et al. 2013). A systematic 
review similarly concluded that progress in this field remains limited and the overall evidence is weak 
(Kouijzer et al. 2013). Nevertheless, a review of four small-scale randomized controlled trials suggested 
that NF may contribute to gains in attention, social interaction, communication, and cognitive flexibility 
(Hurt et al. 2014). Although NF is generally considered safe, it can impose substantial financial and temporal 
burdens on families. As a non-invasive intervention, it may appeal to parents; however, it has the potential 
to divert resources from established educational or therapeutic programs, potentially causing frustration 
and stress. Overall, current research does not provide sufficient evidence to support the routine 
implementation of neurofeedback as an effective treatment for ASD. 

Scientific Basis 

NF, also known as EEG biofeedback, is a neuromodulation technique that monitors brainwave activity in 
real time and provides training to enhance or suppress specific frequency bands. It is employed in 
individuals with ASD to address attention deficits, impulsivity, anxiety, communication challenges, and 
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difficulties in emotional regulation (Coben and Padolsky 2007). NF therapy selectively targets specific 
brainwave frequencies to enhance cognitive and behavioral functioning. Theta waves (4–7 Hz), which are 
associated with distractibility, are typically downregulated, whereas beta waves (15–20 Hz), linked to 
attention and cognitive control, are upregulated. Additionally, the mu rhythm, or sensorimotor rhythm 
(SMR), may be trained to support motor regulation and promote calmness (Kouijzer et al. 2009). 

Application 

Treatment generally involves 20–40 sessions conducted two to three times per week. Throughout the 
intervention, the child’s EEG is continuously monitored, with targeted modulation of specific cortical 
regions, including the Fz, Cz, and Pz electrode sites (Kouijzer et al. 2009). 

Table 23. Scientific evidence for neurofeedback applications in autism spectrum disorder 
Source Findings Level of Evidence 
Coben and Padolsky 2007 Improvement in social interaction with EEG normality 

(preliminary study) 
C 

Kouijzer et al. 2009 (RCT)  Improvement in social interaction, attention, flexibility B 
Pineda et al. 2008 Increase in social awareness with mu suppression training B 
Van Hoogdalem et al. 2020 
(Meta-analysis)  

Effects are low–moderate, with methodological 
inconsistencies 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness  

Although the literature on NF applications in ASD is increasing, most of the studies are small sample, 
uncontrolled or semi-controlled. However, there are some randomized controlled studies. Several studies 
have reported improvements following NFB interventions, including enhanced eye contact and social 
responsiveness, prolonged attention span, reduced stereotypic behaviors, and gains in cognitive flexibility 
and planning skills. In some cases, EEG normalization has also been documented (Pineda et al. 2014). 
However, meta-analyses highlight that placebo effects cannot be excluded, standardized treatment 
protocols are lacking, and the overall efficacy of NF remains modest to moderate (Friedrich et al. 2015). 

Clinical Comment 

NF represents a promising, non-invasive intervention for individuals with autism, particularly in targeting 
attention deficits, impulsivity, and social responsiveness. Nonetheless, standardization of methods and 
consistency of protocols remain unestablished, and practitioner expertise varies considerably. Moreover, 
the therapy is both resource-intensive and time-consuming (Holtmann et al. 2011). Evidence also suggests 
that neurofeedback may yield greater benefits in cases of comorbid autism and ADHD (Coben et al. 2010). 
Consequently, NF should be regarded solely as a complementary approach rather than a routine treatment 
and should be administered under the supervision of a clinical psychologist or neurologist (Arns et al. 2014). 
Overall, these findings indicate that NF may facilitate certain behavioral and neuropsychological 
improvements in autism, but it has yet to achieve recognition as an evidence-based standard intervention 
(Van Hoogdalem et al. 2020). 

Chelation 

Chelation therapy has been proposed as a potential intervention for ASD based on the unsubstantiated 
hypothesis that heavy metal exposure, particularly from vaccines, contributes to its etiology (Rossignol 
2009). This theory, however, lacks scientific validity. Despite insufficient evidence, some parents pursue 
chelation for their children, with estimates suggesting that approximately 7% of individuals with ASD have 
undergone such treatment (Green et al. 2006). The procedure carries significant health risks, including 
hypotension or hypertension, cardiac arrhythmias, and severe hypocalcemia, which in at least one case 
resulted in the death of a five-year-old child with autism (Davis et al. 2013).To date, no randomized, 
placebo-controlled trials have provided reliable data on the safety or efficacy of chelation therapy in 
children with ASD. In one double-blind randomized trial involving 49 children aged 3 to 8 years, comparing 
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single versus multiple chelation sessions, no significant differences in outcomes were observed, and 
approximately 11% of participants exhibited worsened scores (Adams et al. 2009a). Systematic and 
Cochrane reviews consistently conclude that chelation is not indicated for individuals with ASD due to the 
absence of demonstrated benefits and the presence of substantial risks (James et al. 2015). Moreover, the 
Cochrane review recommends against further chelation trials in children with ASD unless a validated 
causal link between heavy metal exposure and autism is established (Davis et al. 2013).Given these findings, 
chelation therapy is not recommended for the treatment of ASD. The U.S. FDA has issued public warnings 
cautioning parents against unsubstantiated claims regarding chelation and hyperbaric oxygen therapies 
for autism (Fodstad et al. 2024). 

Scientific Basis  

Chelation therapy is a detoxification procedure designed to reduce heavy metal burden—particularly 
mercury, lead, and arsenic—by promoting the urinary excretion of metals bound within the body (Mutter et 
al. 2005). Its application in individuals with ASD is predicated on the hypothesis that environmental toxins, 
including mercury exposure, may contribute to ASD pathophysiology (Kern et al. 2016). However, this 
approach lacks robust scientific support and remains highly controversial (Adams et al. 2009b). 

Application 

Chelation agents include DMSA (dimercaptosuccinic acid), administered orally or rectally; DMPS 
(dimercaptopropanesulfonic acid), delivered orally or via injection; and EDTA (ethylenediaminetetraacetic 
acid), given intravenously (Flora et al. 2008). These compounds function by chelating heavy metals and 
facilitating their excretion. In individuals with autism, chelation protocols have typically been implemented 
over a duration of one to three months (James et al. 2015). 

Effectiveness 

Most studies on chelation therapy are uncontrolled, low quality, and based on speculative hypotheses 
(Rossignol 2009). Randomized controlled studies are very few and most have not shown any significant 
improvement (James et al. 2015). Individual case reports have suggested that chelation therapy may 
reduce hyperactivity, tantrums, and distractibility, and may influence bowel habits and sleep patterns. 
However, these observations lack systematic validation, and placebo effects or parental expectations 
likely contribute substantially to the reported outcomes (Rossignol 2009). Moreover, chelation therapy 
poses significant risks, including depletion of essential minerals such as zinc, calcium, and magnesium, 
allergic reactions, gastrointestinal disturbances, and, in rare cases, seizures or fatal events—for instance, 
hypocalcemia leading to cardiac arrest in a five-year-old following EDTA administration. Due to these risks 
and the absence of proven benefits, major authorities—including the American Academy of Pediatrics 
(AAP) (Committee on Children with Disabilities 2001), the U.S. Food and Drug Administration (FDA), and 
Cochrane reviews—do not recommend chelation therapy for autism (Yenkoyan et al. 2024). 

Table 24. Scientific evidence for chelation therapy in autism spectrum disorder 
Source Findings Level of Evidence 
McKay et al. 2005 Glutathione levels may be low – chelation not 

recommended 
C 

Adams et al. 2009 (Open-label) Some metabolic changes after DMSA – uncontrolled C 
James et al. 2015  
(Cochrane review) 

Chelation is not recommended for ASD; high risk, 
insufficient evidence 

D 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

Chelation therapy in autism is currently considered an intervention lacking scientific justification and 
associated with potential harm. Its use is not recommended, as there is no conclusive evidence of heavy 
metal toxicity in individuals with autism, the potential benefits are outweighed by the risks, and the 
procedure raises ethical concerns, particularly in pediatric populations. Consequently, chelation is not 
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incorporated into evidence-based treatment guidelines and should only be contemplated for individuals 
with confirmed heavy metal toxicity, independent of an ASD diagnosis. These findings underscore that 
chelation therapy represents a scientifically unsubstantiated, risky, and ethically contentious practice in 
autism. Accordingly, major authorities, including the American Academy of Pediatrics (AAP), the National 
Institute for Health and Care Excellence (NICE), and the U.S. Food and Drug Administration (FDA), do not 
endorse its use in ASD (James et al. 2015). 

Intravenous Immunoglobulin (IVIG) Treatment 

Intravenous immunoglobulin (IVIG) therapy in ASD was initially explored following an open-label study in 
which human serum–derived immunoglobulins were administered to children with ASD to enhance immune 
function. This preliminary investigation reported modest clinical improvements (Gupta 1996). However, 
subsequent studies have failed to replicate these findings (Plioplys 1998), and the current consensus 
indicates that IVIG therapy is not justified in ASD. Additionally, IVIG carries potential adverse effects, 
including fever, headache, aseptic meningitis, and, in rare instances, thrombotic complications (Fadeyi 
and Li 2018).To date, IVIG has not been evaluated in randomized controlled trials in children or adolescents 
with ASD; only three small case series have assessed its efficacy. In a six-month study of 10 children aged 
3–12 years with documented immune abnormalities, five participants demonstrated notable symptomatic 
improvement following monthly IVIG infusions (Gupta 1996). Another 24-week series involving 10 children 
reported meaningful improvement in only one participant, with symptom recurrence two months post-
treatment (Plioplys 1998). A third case series of seven children aged 3–6 years, whose immune status was 
not assessed, documented severe adverse events including renal failure, thrombosis, and aseptic 
meningitis (Rossignol and Frye 2021a). Given the potential risks, substantial cost, and lack of robust 
evidence, IVIG should not be employed as a routine treatment for ASD. Rigorous, controlled studies are 
necessary to establish both its efficacy and safety prior to broader clinical application (Melamed et al. 
2018). 

Scientific Basis 

IVIG is an immunomodulatory therapy primarily employed to manage disorders of the immune system. Its 
application in ASD is predicated on the hypothesis that a subset of individuals exhibit immune 
dysregulation, autoimmune processes, and neuroinflammation. IVIG is proposed to mitigate symptoms 
associated with these immune-related abnormalities (Rossignol and Frye 2021a). IVIG consists of human 
donor-derived immunoglobulin G (IgG) and may impact ASD via multiple mechanisms, including 
suppression of proinflammatory cytokines, modulation of autoimmune responses, regulation of microglial 
activity, and indirect mitigation of neuronal damage (Yıldıran 2024). 

Application 

IVIG is typically administered as monthly infusions at a dosage of 2 g/kg; however, no standardized dosing 
regimen has been established specifically for individuals with ASD (Yıldıran 2024). 

Effectiveness  

Studies on the effects of IVIG on autism are limited in number and most have small sample sizes, 
uncontrolled or retrospective designs. There are no high-quality, large-sample RCT studies (Gupta 2000). 
A limited number of studies have reported that IVIG treatment in individuals with autism may be associated 
with increased social initiative, improved emotional regulation, reduced stereotypic behaviors, and 
enhancements in sleep and attention. However, the majority of these observations are derived from 
parental reports and subjective assessments rather than objective clinical measures (Gupta 2000). IVIG 
therapy is generally regarded as safe; however, it entails certain risks, including fever, headache, nausea, 
thrombocytopenia, hemolytic anemia, and, in rare instances, anaphylaxis, particularly in individuals with 
IgA deficiency. Furthermore, it is an expensive intervention with limited accessibility. Consequently, IVIG 
should be reserved for individuals with autism who have a confirmed immune deficiency and must be 
administered under the supervision of a specialist (Gupta 2000). 



1293 Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 
 

Table 25. Scientific evidence for intravenous immunoglobulin (IVIG) therapy in autism spectrum 
disorder 
Source Findings Level of Evidence 
Gupta 1996 Improvement in social and communication in 10 children; 

uncontrolled study 
C 

DelGuidice-Asch et al. 1999  Mild improvements with clinical impressions; no objective 
measurement 

C 

Melamed et al. 2000  Temporary improvement in EEG and behavior after IVIG C 
Magyari et al. 2022 (Review)  Insufficient evidence, studies methodologically weak C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

IVIG is not recommended as a routine treatment for ASD but is being investigated experimentally in cases 
involving autoimmune conditions or immunodeficiency. Its overall efficacy remains uncertain, with 
substantial individual variability in response. IVIG is not endorsed in evidence-based clinical guidelines and 
should only be administered within controlled research protocols or for specific immunological indications 
(Rossignol and Frye 2021a). Although some individual cases have demonstrated clinically promising 
outcomes, IVIG is neither universally accepted nor systematically effective and remains a high-cost, 
potentially risky intervention (Marchezan et al. 2019). Its use may be justified in cases with comorbid 
immune deficiencies; however, administration solely for ASD is not scientifically supported (Hughes and 
Ashwood 2018). 

Other Alternative Non Biological Therapies 
The National Center for Complementary and Alternative Medicine (NCCAM) classifies nonbiological 
complementary and alternative medicine (CAM) approaches into three primary categories: mind–body 
interventions (including meditation, yoga, prayer, music, dance, and other artistic modalities), body-based 
and manipulative techniques (such as chiropractic care, massage therapy, and acupuncture), and energy 
therapies (including homeopathy and Reiki). 

Music Therapy 

Music therapy has been recognized as an effective intervention for enhancing early communication skills, 
particularly by promoting joint attention, movement imitation, and rhythmic synchrony (Mayer-Benarous 
et al. 2021). In individuals with ASD, musical improvisation provides a nonverbal mode of expression, 
facilitating connection for both verbal and nonverbal participants (Woodward 2004). This modality is 
considered a valuable complementary approach (Hyman and Levy 2010). Evidence indicates that language 
acquisition in infants is closely linked to the musical characteristics of sounds (Brandt et al. 2012), and 
children with ASD often respond more favorably to music than to spoken language (Sharda et al. 2019). It is 
hypothesized that music, processed in brain regions distinct from those responsible for language, offers 
an alternative pathway for individuals with ASD to perceive and interpret emotions. Research supports the 
capacity of music therapy to enhance core skills, including social interaction, verbal expression, initiation 
of behavior, and emotional reciprocity. 

Additionally, it may foster improvements in nonverbal communication, social adaptation, and parent–child 
bonding within therapeutic contexts (Geretsegger et al. 2015). Yurteri and Akdemir (2019) reported that 
twice-weekly improvisational music therapy sessions over eight weeks yielded significant improvements 
in autism-related symptoms and overall quality of life (Geretsegger et al. 2015). Furthermore, Mössler et al. 
(2020), in a study involving 101 children aged 4–7 with ASD, suggested that music therapy supports a holistic 
model of autism, emphasizing the integration of cognition, emotion, and social behavior with bodily 
experience. A recent systematic review of 37 studies concluded that while educational music therapy 
significantly enhances speech development, improvisational approaches exert a greater impact on social 
functioning (Mayer-Benarous et al. 2021). 
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Scientific Basis  

Music therapy is a structured intervention implemented through active (e.g., playing instruments, singing) 
or receptive (e.g., listening to music, responding to rhythm) modalities to enhance an individual’s social, 
communicative, emotional, and cognitive skills. It is frequently employed in individuals with autism 
spectrum disorder, particularly to target nonverbal communication, joint attention, social interaction, and 
emotional regulation (Bieleninik et al. 2017). 

Application  

Music therapy may confer benefits for individuals with ASD by enhancing joint attention through structured 
sound and rhythm, creating predictable social interaction contexts via its repetitive framework, offering 
alternative communication channels for those with expressive difficulties, and supporting mirror neuron 
system activation and empathic responses. Sessions are typically delivered individually or in groups, one 
to two times per week, with durations of 30 to 60 minutes (Geretsegger et al. 2014). Research on music 
therapy in ASD has grown substantially, and numerous high-quality studies have demonstrated its efficacy. 
Notably, a 2017 Cochrane systematic review, supported by the World Health Organization, represents one 
of the most rigorous evaluations in this domain. 

Table 26. Scientific evidence for music therapy in autism spectrum disorder 
Source  Findings Level of Evidence 
Geretsegger et al. 2014  
(Meta-analysis)  

Improvement in social interaction, nonverbal 
communication, parent–child relationships 

A 

Bieleninik et al. 2017 (TIME-A RCT)  Music therapy + standard treatment > standard 
treatment alone 

A 

Sharda et al. 2018 (fMRI study) (  Increased auditory–motor cortex connectivity after 
music 

B 

Simpson and Keen 2011 A form of therapy with high voluntary participation B 
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Effectiveness 

Children who participated in music therapy frequently exhibited enhanced joint attention, improved eye 
contact and imitation behaviors, increased social initiative, reduced anxiety, and greater development in 
both expressive and receptive language. These benefits were particularly pronounced when therapy was 
initiated at an early age and delivered with high frequency, suggesting that intensity and timing are key 
factors in optimizing therapeutic outcomes (Sharda et al. 2018). 

Clinical Comment 

Music therapy represents a complementary intervention with robust evidence supporting its efficacy in 
individuals with ASD. It is highly effective, safe, and devoid of adverse effects, rendering it suitable for 
incorporation into routine clinical practice. The therapy integrates seamlessly within multidisciplinary 
programs and demonstrates greater benefits when delivered by trained music therapists. Consequently, 
it is endorsed by evidence-based clinical guidelines, including those from NICE, the American Academy of 
Neurology (AAN), and the World Health Organization. Empirical research consistently indicates that music 
therapy effectively enhances social interaction, communication, and behavioral regulation in children with 
ASD (Simpson and Keen 2011). Critically, music therapy is a structured, goal-directed therapeutic process 
conducted under professional supervision, rather than a mere musical activity, a distinction essential for 
maintaining its scientific validity and clinical effectiveness. 

Auditory Integration Therapy 

Auditory Integration Training (AIT) is designed to mitigate behavioral and learning difficulties by exposing 
children to modulated auditory stimuli, aiming to reduce hypersensitivity to sound. This approach is based 
on the hypothesis that individuals with autism may exhibit heightened sensitivity to specific auditory 
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frequencies. Several AIT modalities exist, including the Berard Method, The Listening Program, Samonas 
Sound Therapy, and the Tomatis Method. However, empirical evidence does not support its efficacy in ASD. 
Studies indicate that exposure to intense auditory stimuli can provoke anxiety and impose financial 
burdens without yielding clinical benefits (Hyman and Levy 2010). A Cochrane systematic review (Sinha et 
al. 2011) analyzed six relatively small-scale trials, each delivering two 30-minute AIT sessions daily over ten 
consecutive days. The larger trials revealed no significant differences between intervention and control 
groups, leading to the conclusion that there is no convincing evidence for the long-term effectiveness of 
auditory integration therapy in ASD. 

Scientific Basis  

AIT is a complementary intervention designed to reorganize auditory perception in individuals with sensory 
integration difficulties. Given that individuals with autism often exhibit hypersensitivity to sound, atypical 
responses to speech, or abnormal vocalizations, AIT has been proposed as a potential therapeutic 
approach (Myers et al. 2007).  

Application 

The therapy is typically delivered over ten days, comprising two daily sessions for a total of twenty 
sessions, and employs filtered and modulated music as its primary therapeutic modality. The theoretical 
rationale for AIT posits that auditory processing deficits contribute to behavioral symptoms in ASD. The 
intervention aims to reduce auditory hypersensitivity, enhance auditory discrimination, and facilitate 
readiness for verbal communication. Devices used in AIT, such as those in the Berard method, filter music 
across specific frequencies to achieve these objectives (Edelson et al. 1999). 

Effectiveness 

Research on the effectiveness of AIT is inconsistent and methodologically weak. Mainstream scientific 
authorities have stated that no strong evidence to support the effect of AIT on ASD. Some case reports 
have suggested that AIT may reduce sound hypersensitivity, diminish aggressive responses to auditory 
stimuli, enhance attention and focus, and improve behavioral regulation. However, these outcomes are 
predominantly based on subjective assessments and cannot be reliably differentiated from placebo 
effects. Furthermore, the findings have not been consistently replicated across studies. Consequently, the 
overall clinical recommendation for AIT remains limited (Mudford et al. 2000). 

Table 27. Scientific evidence for auditory integration training (AIT) in autism spectrum disorder 
Source Findings Level of Evidence 
Sinha et al. 2006  No significant improvement observed in randomized 

controlled trial 
C 

Mudford et al. 2000  
(Meta-analysis)  

Effects of AIT equivalent to placebo; not recommended D 

Edelson et al. 1999 
 (Open-label)  

Improvement in parent reports; no objective measurement C 

American Academy of 
Pediatrics 2010 

Insufficient evidence of effectiveness for AIT; not 
recommended 

D 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Clinical Comment 

AIT remains an experimental intervention for individuals with autism spectrum disorder. Its efficacy has 
not been established in high-quality clinical trials, and it is not recommended for routine clinical 
application. This limitation reflects the low level of supporting scientific evidence, the high potential for 
placebo effects, and the lack of consistent endorsement from major professional organizations. 
Specifically, authorities such as the American Academy of Pediatrics (AAP) and the American Speech-
Language-Hearing Association (ASHA) do not recommend AIT for autism treatment. Nevertheless, in 
exceptional cases where auditory hypersensitivity substantially impairs quality of life, AIT may be 
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considered under careful monitoring following a multidisciplinary evaluation. Overall, the literature 
indicates that AIT lacks scientific validation for autism, and despite isolated positive anecdotal reports, it 
does not meet the threshold for clinical recommendation (Sinha et al. 2006). While some centers continue 
to offer AIT, it remains unsupported by evidence-based guidelines, including those from the AAP and NICE. 

Sensory Integration Therapy 

Individuals with autism often exhibit difficulties in processing sensory information, rendering everyday 
stimuli—such as lights, sounds, smells, tastes, or textures—overwhelming (Wigham et al. 2015). Sensory 
integration therapy (SIT) is predicated on the principle that controlled exposure to sensory input can 
modulate the nervous system’s response, thereby mitigating behavioral challenges and facilitating 
learning (Fazlioğlu and Baran 2008). These interventions aim to adjust environmental sensory factors to 
enhance the individual’s capacity to manage sensory processing difficulties.  

In a survey of 552 parents, Green et al. (2006) reported that 38% of children were currently receiving SIT, 
while 33% had previously undergone it. However, a systematic review of 25 studies in this domain found 
that 14 reported no effect, eight yielded mixed results, and only three demonstrated clear benefits (Lang 
et al. 2012). Evidence from studies involving families and children who have opted for SIT in clinical practice 
indicates that behavioral challenges often persist, with limited improvement in core symptoms (Schoen et 
al. 2019). Notably, sensory anomalies—including heightened sensitivity to sound, smell, and taste—
frequently remain despite long-term intervention, calling into question the theoretical foundations of this 
approach (Randell et al. 2022). In many countries, SIT is commonly applied alongside other interventions 
(Preis and McKenna 2014). Although robust effects on core autism symptoms have not been demonstrated, 
some research suggests potential benefits in motor skill development (Kashefimehr et al. 2018). Despite 
the lack of consensus on evidence strength, its application is increasingly prevalent among children with 
behavioral and developmental challenges (Randell et al. 2022). While certain studies report positive 
outcomes, these are constrained by methodological limitations and a high risk of bias (Barton et al. 2015). 
Consequently, well-designed research is necessary to rigorously assess the efficacy of sensory integration 
therapy for children with ASD and sensory processing difficulties (Smith et al. 2015). 

Scientific Basis  

SITis a structured intervention designed to enhance an individual’s ability to perceive, process, and 
respond effectively to sensory stimuli—including touch, vision, hearing, balance, and proprioception—from 
their environment. SITprimarily targets sensory over- or under-responsivity, motor planning difficulties, 
and attention deficits, which are commonly observed in individuals with autism spectrum disorder (Smith 
et al. 2015). 

Table 28. Scientific evidence for sensory integration and occupational therapy in autism spectrum 
disorder 
Source Findings Level of Evidence 
Schaaf et al. 2014 (RCT)  Sensory-targeted therapy + care > care alone B 
Pfeiffer et al. 2011 (RCT)  Significant improvements in functional goals B 
Smith et al. 2015 (Review)  Potential for benefit but more RCTs needed B 
Watling and Hauer 2015 (Review)  Parent reports positive but objective evidence limited C 
American Academy of Pediatrics 
2012  

SIT considered experimental; individualized use 
recommended 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Application  

SIT, typically delivered by occupational therapists, integrates several core components. These include 
child-centered, play-based activities such as swinging, brushing, use of weighted blankets, and jumping 
exercises. The therapy also focuses on sensory modulation, the enhancement of sensory–motor skills, and 
individualized planning aligned with functional goals. The primary aim of SIT is to enable children to 
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respond more appropriately to sensory stimuli, improve motor proficiency, and enhance overall daily 
functioning (Pfeiffer et al. 2011). 

Effectiveness 

Evidence on the effectiveness of sensory integration therapy has increased in recent years, but 
methodologically it remains limited. Some of the key studies are summarized in Table 29. Multiple studies 
have reported favorable outcomes following SIT including reductions in sensory sensitivity and avoidance 
behaviors, enhanced attention span, and improvements in both fine and gross motor skills. Furthermore, 
children undergoing SIT have exhibited fewer tantrums, better management of daily activities, and 
increased social interaction and participation. These effects are generally more pronounced when therapy 
goals are individualized and the therapist possesses SIT-specific certification (Schaaf et al. 2012). 

Clinical Comment 

SIT is a widely utilized complementary intervention for individuals with autism spectrum disorder. It 
possesses moderate empirical support and may be effective when tailored to individual assessments. The 
method is generally considered safe, with no reported adverse effects. Its efficacy, however, is influenced 
by factors such as therapist expertise, goal specificity, and session intensity. Evidence-based guidelines 
underscore that SIT yields benefits only when delivered in a structured, goal-oriented manner. These 
findings indicate that SIT can facilitate functional improvements, particularly in children, although further 
high-quality research is required to produce generalizable conclusions (Watling and Hauer 2015). SIT may 
serve as an evidence-based supportive therapy, especially when integrated with behavioral interventions 
and individualized objectives. 

Drama Therapy 

Drama-based interventions hold promise for enhancing core social competencies—such as role-playing, 
effective communication, emotional recognition, and reciprocal interaction—rendering drama therapy a 
potentially valuable approach for individuals with ASD (Chasen 2011). An open-label study examined the 
efficacy of SENSE (Social Emotional NeuroScience Endocrinology) Theatre, a structured theater program 
designed to improve social skills and reduce stress in children with ASD (Corbett et al. 2011). The study 
included eight children with ASD and eight typically developing peers who acted as role models. However, 
the findings are constrained by significant limitations, notably the absence of a control group and the small 
sample size. 

Scientific Basis 

Drama therapy is a creative psychotherapeutic approach that employs play, improvisation, role-playing, 
and storytelling techniques to enhance self-expression, social interaction, and empathy development. In 
individuals with ASD, it is regarded as a supportive intervention, particularly for improving social skills, 
emotion recognition, and communication (Corbett et al. 2014). 

Application  

Drama therapy is typically delivered in a group format, wherein participants are guided to recognize and 
express emotions, cultivate empathy through role reversal, learn social norms and interaction rules, and 
enhance alternative thinking and problem-solving skills by enacting diverse social scenarios. Sessions are 
generally conducted once weekly, lasting 60 to 90 minutes (Andersen-Warren 2013). 

Effectiveness 

Studies on the effects of drama therapy on ASD are limited in number but increasing. The existing literature 
reveals promising results, especially for social skill development. However, the number of randomized 
controlled trials (RCTs) is low (Lerner et al. 2011). Individuals with autism who participate in drama therapy 
frequently exhibit improvements such as enhanced eye contact and nonverbal communication, better 
emotion recognition, increased social role-taking and empathic responses, as well as greater self-
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confidence, spontaneous communication, and creativity. In contrast to structured social skills training, 
drama therapy prioritizes experiential learning, enabling emotional development through trial and error 
within a safe and supportive environment. 

Table 29. Scientific evidence for drama therapy in autism spectrum disorder 
Source Findings Level of Evidence 
Corbett et al. 2011 (RCT)  Improvement in social skills and emotion 

recognition 
B 

Lerner and Mikami 2012 Increase in empathy and social motivation C 

Godfrey and Haythorne 2013  
(Qualitative)  

Increase in self-confidence and social participation 
in participant statements 

C 

Schweizer 2020  
(Systematic review)  

It was stated that it may be effective but more RCTs 
are needed 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Clinical Comment 

Drama therapy is a safe, side-effect-free, and creative group-based intervention that effectively supports 
social communication and emotional development. It functions as a complementary therapy, fostering the 
individual’s spontaneous growth. Given the current moderate-to-low level of evidence, it is recommended 
to implement drama therapy as part of multidisciplinary programs rather than as a standalone 
intervention. Existing studies indicate that drama therapy can enhance social and emotional skills in 
individuals with autism; however, further methodologically rigorous research is required to establish its 
efficacy more broadly. Notably, drama therapy is one of the few interventions that promotes empathy and 
social relationship skills through experiential learning while remaining responsive to individual differences 
(Koch 2020). 

Dance and Movement Therapy 

Dance and movement therapy (DMT) is a body-centered intervention that emphasizes movement mirroring, 
whereby participants emotionally attune to the therapist’s intentional gestures, prioritizing alignment over 
mere imitation. This interactive process may provide a foundation for the development of more advanced 
social reciprocity. In a study by Mateos-Moreno and Atencia-Doña (2013), which examined the integration 
of dance/movement therapy with music therapy in children with ASD, significant improvements were 
observed over time within the intervention group. 

Scientific Basis  

DMT is a creative therapeutic approach designed to enhance the emotional, cognitive, physical, and social 
integration of the individual. It is particularly employed as a supportive intervention to improve motor 
coordination, body awareness, emotional expression, and social interaction in individuals with ASD 
(Hartshorn et al. 2001). 

Application 

DMT facilitates self-expression through movement, prioritizing nonverbal communication. It can be 
implemented in both individual and group settings and typically involves rhythm exercises, free or guided 
dance, the mirror technique (reciprocal movement mirroring), and movement-based tasks designed to 
support emotional expression. These activities enable participants to explore bodily awareness, foster 
social connections, and articulate emotions (Koch et al. 2015). 

Effectiveness 

Although the number of studies on the use of DMT in autism is limited, it has increased in recent years. 
Positive effects of movement-based therapies have been observed, especially in studies conducted in 
early childhood (Odeh et al. 2020). Individuals undergoing DMT frequently exhibit enhanced body 



1299 Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 
 
awareness, improved nonverbal emotional expression, better imitation, rhythm, and turn-taking skills, 
increased receptivity to social interaction, and reduced anxiety and agitation. DMT provides an alternative 
mode of engagement, particularly for individuals resistant to conventional verbal therapies.  

Table 30. Scientific evidence for dance and movement therapy in autism spectrum disorder 
Source Findings Level of Evidence 
Koch et al. 2015 (Pilot study) Increased emotional expression and communication C 
Hartshorn et al. 2001 (Quasi-experi-
mental)  

Decreased stereotypic behaviors, increased social in-
teraction 

C 

Srinivasan and Bhat 2013  
(Motor-based)  

Improved motor planning, body awareness C 

Tortora 2011 Increased attachment and joint attention skills C 
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Clinical Comment  

Clinically, DMT is recognized as a holistic, creative, and movement-based intervention that promotes social 
and emotional development in individuals with autism. It is generally considered low-risk and safe; 
however, despite promising preliminary outcomes, the current evidence base remains limited. 
Consequently, DMT is recommended as a component of multidisciplinary treatment programs and should 
be tailored to individual needs. Research suggests that DMT can positively influence emotional regulation, 
interpersonal interaction, motor coordination, and body awareness, although high-quality, large-scale 
studies are still lacking (Tortora 2011). 

Acupuncture 

Acupuncture, a key modality of traditional Chinese medicine, is proposed to restore physiological balance 
and correct bodily dysfunctions, although its precise biological mechanisms remain incompletely 
understood. It is hypothesized to modulate the neuroendocrine system (Zhang et al. 2021). As a 
complementary and alternative approach, acupuncture has been investigated in children with ASD; 
however, existing research is limited and methodologically heterogeneous. Notably, only two studies 
employed sham acupuncture controls to ensure effective blinding. In a four-week randomized controlled 
trial, electroacupuncture administered to 55 children and adolescents with ASD (ages 3–18) demonstrated 
improvements on clinical scales, although both intervention and control groups continued to receive 
standard therapies or educational programs during the trial (Wong and Sun 2010). Similarly, a nine-week 
RCT examining tongue acupuncture in 50 children (ages 3–11) reported improvements across evaluation 
scales, yet placebo responses were high, and all participants maintained ongoing autism interventions 
(Wong and Sun 2010). Over 30 studies have documented gains in cognitive function, motor coordination, 
autonomy, and parent-reported social communication. Despite these encouraging observations, 
variability in study design and inconsistent protocols constrain the reliability of conclusions. Nevertheless, 
acupuncture is generally regarded as safe (Ming et al. 2012). A meta-analysis of 11 studies suggested 
potential efficacy for ASD, but emphasized the necessity for rigorous randomized controlled trials before 
recommending its routine clinical application (Liu et al. 2019). 

Scientific Basis 

Acupuncture, a therapeutic approach rooted in traditional Chinese medicine, involves the insertion of fine 
needles at specific bodily points. In recent years, it has been explored as a complementary intervention for 
individuals with ASD to alleviate symptoms such as hyperactivity, attention deficits, sleep disturbances, 
and repetitive behaviors (Cheuk et al. 2011). 

Application  

Acupuncture for individuals with autism is typically delivered in several formats, including auricular (ear) 
acupuncture, body acupuncture, and laser acupuncture—a needle-free, child-friendly alternative. Sessions 
are generally conducted one to two times per week over a period of 10 to 12 weeks (Wong et al. 2010). 
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Effectiveness 

While some studies on the use of acupuncture in autism have shown promising results, most are small-
sample, uncontrolled, or methodologically weak. Meta-analyses report improvements in some symptoms, 
but also results that are indistinguishable from a placebo effect. Some studies have reported that 
acupuncture may yield benefits for individuals with autism, including enhanced sleep quality, reduced 
hyperactivity and agitation, partial reductions in stereotyped behaviors, and modulation of sensory 
sensitivity. However, the majority of these findings rely on parental reports and lack confirmation through 
objective assessments. 

Table 31. Scientific evidence for acupuncture in autism spectrum disorder 
Source Findings Level of Evidence 
Wong et al. 2010  
(RCT) 

Slight improvement in social reactivity and sleep problems C 

Cheuk et al. 2011  
(Cochrane Review)  

Insufficient evidence, should be compared with standard 
treatments 

C 

Li et al. 2019  
(Meta-analysis)  

Acupuncture + conventional treatment = some behavioral 
improvements 

C 

Lee et al. 2018  Relaxing effects observed but long-term effects unknown C 
Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Clinical Comment 

Acupuncture is generally regarded as a safe intervention for individuals with autism spectrum disorder; 
however, it can be invasive and stressful for some children. Laser acupuncture offers a less invasive 
alternative for those with needle-related anxiety. Although some studies report supportive effects, the 
current evidence remains insufficient to support strong, evidence-based clinical recommendations. 
Consequently, acupuncture should be considered a complementary therapy, administered under physician 
supervision and with parental consent, and integrated with other treatments. Available data suggest 
potential benefits for certain symptoms in individuals with autism, yet these effects are predominantly 
based on parental reports, highlighting the need for high-quality randomized controlled trials. Non-
invasive approaches, such as laser acupuncture, are recommended, particularly when applied in pediatric 
populations (Lee et al. 2012). 

Transcranial Magnetic Stimulation (TMS) 

Transcranial Magnetic Stimulation (TMS) is a safe and effective neuromodulation technique widely 
employed in the treatment of disorders such as depression, epilepsy, and Parkinson’s disease. The method 
involves applying rapidly fluctuating, high-intensity magnetic fields to targeted brain regions to modulate 
neural activity. In the context of ASD, preliminary evidence from eight small-scale studies comprising 108 
participants has investigated TMS’s potential to induce lasting alterations in cortical excitability (Oberman 
et al. 2016). Nevertheless, TMS remains largely experimental for ASD, with limited accessibility, and its 
application is predominantly restricted to research settings (Oberman et al. 2015). 

Scientific Basis  

TMS is a noninvasive neuromodulation technique designed to modulate cortical excitability through the 
delivery of low-intensity electromagnetic pulses to targeted brain regions. In individuals with ASD, TMS has 
demonstrated potential symptom improvements, particularly when applied to areas implicated in social 
cognition and behavior, such as the prefrontal cortex (Enticott et al. 2011). 

Application 

TMS is typically delivered in two primary modalities: low-frequency TMS (≤1 Hz), which enhances cortical 
inhibition and is primarily employed to manage repetitive behaviors, and high-frequency TMS (≥5 Hz), which 
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increases cortical excitability and supports cognitive functions such as attention and executive control. 
Treatment is generally administered multiple times per week over a total period of four to six weeks. 

Effectiveness 

Clinical studies on the use of TMS in autism are increasing; studies focusing on repetitive TMS (rTMS) in 
particular have shown some positive results. However, the overall level of evidence is still considered 
moderate-low (Sokhadze et al. 2014). Research on TMS in individuals with ASD has reported potential 
benefits, including reductions in stereotypic behaviors, improved emotional regulation, increased 
attention span, and heightened sensitivity to social cues. However, the durability and generalizability of 
these effects remain unclear (Oberman et al. 2010).  

Table 32. Scientific evidence for transcranial magnetic stimulation (TMS) in autism spectrum disorder 
Source Findings Level of Evidence 
Enticott et al. 2014 (RCT)  Short-term improvement in social perception B 
Sokhadze et al. 2012  
(Quasi-experimental)  

Decreased stereotypic behaviors and irritability C 

Oberman et al. 2016 (Pilot study)  Increased sensitivity to social stimuli after TMS C 
Huashuang et al. 2022 
 (Systematic review)  

Some promising effects, but long-term effects and 
standardized protocol lacking 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Clinical Comment  

TMS is a noninvasive, high-technology neuromodulation technique that may be effective for specific 
symptom domains, such as repetitive behaviors and attentional deficits. It is generally well tolerated but 
should be used cautiously in individuals with a history of epilepsy. As an experimental intervention, TMS is 
currently recommended only within the context of clinical research. Existing evidence suggests that while 
TMS may offer promising improvements in social functioning, repetitive behaviors, and attention in 
individuals with ASD, it is not yet supported as a standard clinical treatment and should be administered 
under the supervision of a neurologist or psychiatrist (Hameed et al. 2017). 

Massage Therapy 

Research suggests that massage therapy, administered by either parents or trained therapists, may confer 
benefits for sensory processing, autism-related symptoms, and parental stress. However, many studies 
are limited by small sample sizes, methodological shortcomings, nonstandardized outcome measures, and 
insufficient follow-up durations (Lee et al. 2011). Smaller trials indicate potential improvements in anxiety, 
communication, social interaction, sleep quality, and repetitive behaviors following massage 
interventions. Further rigorously controlled studies are needed to establish optimal techniques, frequency, 
and duration. Massage has also been linked to neurochemical modulation, including alterations in cortisol, 
serotonin, epinephrine, and norepinephrine levels (Field 2019). Notably, one study reported enhancements 
in both sleep and social responsiveness in children with ASD who received massage (Escalona et al. 2001). 
While current evidence remains limited, massage as a sensory-based intervention—particularly when 
delivered at home and with minimal risk—appears promising (Weitlauf et al. 2017). Importantly, massage 
should not replace structured educational interventions, and parents must be informed accordingly. A 
recent systematic review encompassing four single-blind randomized controlled trials with diverse 
massage techniques—from basic touch to Thai massage—highlighted significant gains in socialization, 
communication, and reductions in sensory dysfunction in one large-scale trial employing a standardized 
protocol (Silva et al. 2007). Similarly, in an RCT involving 60 participants, children receiving Thai massage 
twice weekly for eight weeks alongside sensory integration therapy demonstrated greater reductions in 
anxiety and behavioral problems compared to those receiving sensory integration therapy alone (Piravej 
et al. 2009). When incorporated as a complementary intervention, parent-administered massage may 
enhance emotional closeness and alleviate stress without disrupting the child’s educational schedule, 
although it remains an adjunct rather than a substitute for autism-specific treatments. 
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Scientific Basis 

Massage therapy is a manual intervention designed to soothe the nervous system through tactile 
stimulation, alleviate muscle tension, and support sensory integration. It is hypothesized to be particularly 
beneficial for sensory regulation, anxiety reduction, sleep modulation, and behavioral management in 
individuals with ASD (Escalona et al. 2001). 

Application  

Massage therapies for individuals with autism commonly encompass techniques such as Thai massage, 
Swedish massage, and the Tactile Integration Technique. These interventions are typically delivered two 
to three times per week, with sessions lasting 15 to 30 minutes. The applied therapeutic touch aims to 
enhance sensory tolerance, facilitate relaxation, and reinforce emotional bonding. Additionally, specific 
protocols, including Qigong massage, have been adapted for home use by family members (Field et al. 
1997). 

Table 33. Scientific evidence for massage and qigong therapy in autism spectrum disorder 
Source Findings Level of Evidence 
Silva et al. 2007 (RCT)  Qigong massage → sensory sensitivity and sleep problems 

reduction 
B 

Escalona et al. 2001  Improvement in anxiety, social reactivity after massage the-
rapy 

C 

Field et al. 1997  Decrease in cortisol levels after massage in children with au-
tism 

C 

Silva and Schalock 2013  Behavioral gains reported to be permanent in children recei-
ving qigong therapy 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Although the majority of studies investigating massage therapy in individuals with autism are limited by 
small sample sizes and short-term follow-up, several have reported notable benefits. Randomized 
controlled trials, particularly on Qigong massage, have demonstrated improvements in certain behavioral 
symptoms (Silva et al. 2015). Massage therapy in individuals with autism has been linked to multiple positive 
outcomes, including reductions in anxiety and agitation, improvements in sleep quality, enhanced sensory 
integration, moderated behavioral responses, and strengthened parent–child attachment and interaction. 
When specifically adapted for children with tactile sensitivities, repeated massage interventions have 
been reported to produce beneficial effects. 

Clinical Comment  

Massage therapy in individuals with autism is regarded as a safe, low-cost, and side-effect-free supportive 
intervention. It may reduce sensory sensitivities and facilitate behavioral regulation, with effects 
attributed to combined physiological and psychosocial mechanisms. Although the overall evidence level 
remains moderate to low, structured approaches such as Qigong massage demonstrate comparatively 
stronger support. Research indicates that these protocols can improve sensory processing, sleep quality, 
and behavioral responses, particularly when implemented consistently in home-based routines. 
Nevertheless, most findings derive from studies with small sample sizes and short-term follow-up. Overall, 
massage therapy can function as a complementary, home-applicable intervention within multidisciplinary 
programs and is particularly valuable for families aiming to enhance parent–child interaction (Silva et al. 
2009). 

Yoga  

Yoga, as a movement-based therapeutic approach, shows potential in addressing behavioral difficulties 
and anxiety in individuals with ASD. Research indicates that even a single session of yoga can elevate GABA 
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levels in the brain (Gwynette et al. 2015), which is significant given GABA’s putative role in the neurobiology 
of autism. Preliminary studies suggest that yoga may reduce maladaptive behaviors and enhance 
attentional focus in learning environments (Koenig et al. 2012). However, findings are not uniformly 
consistent; for example, a pilot trial combining yoga, dance, and music with 24 children with ASD reported 
no statistically significant improvements after eight sessions (Rosenblatt et al. 2011). Conversely, a 
structured 16-week yoga program delivered daily by teachers resulted in a significant reduction in teacher-
rated problem behaviors on the ABC scale compared with a control group participating in regular morning 
routines. Another mind-body intervention, Nei Yang Gong—a traditional Chinese practice emphasizing 
relaxed movement and natural energy flow—was evaluated in a randomized study of 46 children with ASD, 
compared to a Progressive Muscle Relaxation (PMR) group (Chan et al. 2013). Nei Yang Gong sessions lasted 
five minutes, while PMR sessions lasted 20 minutes, both administered biweekly for four weeks with 
encouraged home practice. Results demonstrated improved self-regulation, reductions in parent-rated 
autism symptoms, enhanced behavioral control, and increased anterior cingulate cortex EEG activity in 
the Nei Yang Gong group. Although these early findings are promising, the overall evidence base for mind-
body interventions in ASD remains limited, and further large-scale randomized controlled trials are 
warranted to establish their efficacy (Hourston and Atchley 2017). 

Scientific Basis  

Yoga is a holistic mind-body practice integrating physical postures (asana), controlled breathing exercises 
(pranayama), and meditation. It has been proposed as a complementary intervention for individuals with 
ASD, particularly targeting regulatory difficulties, hyperactivity, anxiety, motor coordination challenges, 
and sensory sensitivities (Hariprasad et al. 2013). 

Application 

Yoga therapy for individuals with autism is typically delivered through Hatha yoga–based programs tailored 
for children. For those with limited attention spans, interventions incorporate dynamic sequences, 
breathing exercises, and playful, engaging presentations of poses. Sessions are generally conducted 
individually or in small groups, two to three times per week (Vidyashree et al. 2019). 

Table 34. Scientific evidence for yoga interventions in autism spectrum disorder 
Source Findings Level of Evidence 
Rosenblatt et al. 2011 Decrease in behavioral problems after yoga C 
Kaur et al. 2021 (RCT)  12 weeks of yoga → improved anxiety and social function-

ing 
B 

Hariprasad et al. 2013  Yoga + sensory integration → improved attention and mo-
tor skills 

C 

Hourston and Atchley 2017  
(Systematic review) 

Yoga is supported for use in autism, more studies needed C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Effectiveness  

Research on yoga therapy is generally small in sample size and short in duration. However, some 
randomized controlled trials and pioneering Studies of this nature have provided promising findings 
(Rosenblatt et al. 2011).  Yoga therapy has been associated with several potential benefits for individuals 
with autism, including enhanced attention and self-regulation, reduced hyperactivity and behavioral 
dysregulation, improved motor coordination and body awareness, increased social engagement, and 
positive effects on anxiety and sleep quality. However, the majority of these outcomes rely on parent or 
educator reports, with only a limited number of studies corroborating them through objective measures. 
Current evidence suggests that yoga interventions may be particularly effective in promoting self-
regulation, attention, motor skills, and anxiety reduction. Nonetheless, further research employing larger 
sample sizes and standardized, objective assessment tools is required to more definitively establish their 
efficacy. 
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Clinical Comment 

Yoga therapy is a non-invasive, low-risk, and child-friendly complementary intervention. Its efficacy 
appears to be enhanced when combined with sensory integration therapy. This approach is particularly 
well-suited for individuals with autism spectrum disorder, as the incorporation of breath awareness and 
rhythmic movement promotes calming effects. Although preliminary findings are promising, the current 
evidence remains moderate to low, and larger-scale randomized controlled trials are required to 
substantiate its effectiveness (Ferguson and Morean 2024). 

Animal Assisted Therapy 

Animal-assisted interventions (AAIs) typically involve structured interactions between individuals with ASD 
and animals under the guidance of a therapist, with animals serving as transitional agents to facilitate 
subsequent human bonding. Preliminary studies report improvements in mood, heightened social 
awareness, and increased language use among participating children, highlighting ASD as a particularly 
promising area for addressing core impairments (Zhao et al. 2022). AAIs may involve species such as dogs, 
horses, dolphins, rabbits, guinea pigs, and llamas, and have demonstrated potential in reducing 
maladaptive behaviors and enhancing social communication skills (Peters et al. 2020). The underlying 
rationale posits that the consistent and repetitive movements and interactions of animals can help 
children with ASD recognize and respond to social cues more effectively, even in nuanced contexts 
(Funahashi et al. 2014).Recent studies have strengthened the evidence base. For example, a prospective 
open-label study of equine-assisted therapy involving 24 children with ASD utilized a 3–6 month waitlist 
period before participation in horseback riding; 20 participants completed the intervention, showing 
significant reductions in Childhood Autism Rating Scale (CARS) scores during treatment relative to the 
waiting phase (Fletcher et al. 2011). Similarly, classroom-based introduction of guinea pigs for 64 children 
demonstrated significantly greater improvements in social behavior in the intervention group compared 
to a waitlist control (O’Haire et al. 2014). However, large-scale randomized controlled trials remain lacking. 
In practice, animal-assisted therapies, such as dolphin therapy, are sometimes considered in certain 
contexts. While current evidence is insufficient to support AAIs as standalone treatments for core ASD 
symptoms, these interventions may be safely implemented as adjunctive approaches if basic educational 
programs are in place, and if families possess adequate motivation and resources. Critical considerations 
include ensuring family awareness that AAIs are not primary treatment modalities and safeguarding the 
child from potential risks, such as scratches or bites. 

Scientific Basis  

AAT is a complementary intervention that incorporates animals—particularly dogs, horses, dolphins, and 
small pets—into structured therapeutic processes to achieve specific treatment goals. Its potential 
benefits for individuals with autism include improvements in social interaction, communication, 
behavioral regulation, and tolerance to sensory stimuli (Bass et al. 2009). 

Application 

The most frequently implemented forms of AAT include equine therapy, dog-assisted therapy, and dolphin-
assisted therapy. These interventions are generally delivered in weekly sessions lasting 30 to 60 minutes 
and are structured through the coordinated efforts of a therapist, an animal trainer, and the family (Fung 
2019) .  

Effectiveness  

Research on AAT for individuals with ASD has expanded in recent years. Randomized controlled trials, 
particularly those examining hippotherapy and dog-assisted therapy, have reported positive outcomes. In 
contrast, dolphin-assisted therapy remains contentious due to ethical and methodological concerns (Fung 
2019). AAT has been associated with several beneficial outcomes in individuals with autism, including 
enhanced social assertiveness, improved joint attention and duration of eye contact, reduced emotional 
dysregulation and anxiety, and improved motor skills and balance, particularly through hippotherapy 
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(O’Haire 2013). These effects are generally attributed to AAT’s capacity to increase motivation, provide 
targeted sensory stimulation, and establish structured interaction environments that promote 
engagement and emotional regulation (Gabriels et al. 2012). 

Table 35. Scientific evidence for animal-assisted therapies in autism spectrum disorder 
Source Findings Level of Evidence 
Gabriels et al. 2012 (RCT)  Hippotherapy → increased social motivation and 

sensory integration 
B 

Fung 2014  Dog-assisted therapy → increased social interaction 
and attention span 

C 

Bass et al. 2009 Equine therapy → improved behavioral regulation C 
Marino and Lilienfeld 2007  
(Critical review)( 

Dolphin therapy has serious methodological issues D 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011 

Clinical Comment 

AATare generally well tolerated and highly motivating for children. Equine therapy has demonstrated 
positive effects, particularly in sensory regulation and motor control, whereas dog-assisted therapy may 
enhance social interaction and attention span. In contrast, dolphin-assisted therapies are not 
recommended due to ethical concerns and insufficient scientific evidence. Overall, the current evidence 
base for these interventions is moderate to low, highlighting the need for larger, long-term randomized 
controlled trials to establish their efficacy (O’Haire 2017). Research suggests that hippotherapy and dog-
assisted therapy show promise for individuals with autism, although methodological standardization 
remains limited (Gabriels et al. 2015). Dolphin-assisted interventions, however, are discouraged on both 
scientific and ethical grounds (Marino and Lilienfeld 2007). 

Equine-Assisted Therapies (Hippotherapy) 

Among the various AATs for children with ASD, equine-assisted activities and therapies (EAATs) are 
reported as the most commonly implemented (O’Haire and Gabriels 2017). Approximately 10% of parents of 
children with ASD have engaged in horse-related therapies, likely reflecting the unique advantages EAATs 
may offer compared to other animal-assisted approaches (Gabriels et al. 2015). The repetitive and rhythmic 
movements inherent in horseback riding are believed to stimulate the vestibular system, potentially 
supporting speech and learning outcomes in children with ASD (Ghaeeni 2022). Hippotherapy, a form of 
EAAT, integrates physical or occupational therapy with the horse’s movement to engage sensory, 
neuromotor, and cognitive systems, thereby promoting functional improvements (Llambias et al. 2016). 
Evidence suggests that hippotherapy may enhance postural control, social interaction, and adaptive 
behavior (Erdman et al. 2015).  

Moreover, rhythmic horseback motion has been associated with increased social engagement, reduced 
maladaptive behaviors, faster response to stimuli, and improved problem-solving skills (Ward et al. 2013). 
However, a meta-analysis of 15 studies encompassing 390 children aged 3–16 did not yield statistically 
significant support for these outcomes (Trzmiel et al. 2019). Nevertheless, numerous recent studies 
indicate that EAATs may positively influence psychosocial functioning in children with ASD, including 
improvements in socialization, engagement, behavioral regulation, and cognitive responsiveness (Borgi et 
al. 2016, Trzmiel et al. 2019). Although meta-analytic findings remain inconclusive, the collective evidence 
underscores the potential of equine-assisted therapy as a supportive intervention for ASD. A 
comprehensive review of 25 studies concluded that EAAT programs can meaningfully enhance language 
abilities, behavioral regulation, and social skills in children with autism (Xiao et al. 2023). 

Scientific Basis  

EAAT, encompassing both hippotherapy and equine-assisted interventions, involves structured 
therapeutic interactions with horses to promote motor coordination, sensory integration, social 



Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 1306 
 

communication, and emotional regulation (Trzmiel et al. 2019). Evidence suggests that this approach 
supports both physical and psychosocial development in individuals with ASD (Bass et al. 2009). 

Application 

Hippotherapy sessions are administered under the joint supervision of a licensed therapist, a certified 
horse trainer, and a therapeutic riding specialist. Each session typically spans 30 to 60 minutes and is 
conducted once or twice weekly. The intervention targets the development of physical skills, including 
balance and coordination, through horseback movement, as well as emotional and social skills via 
interaction and bonding with the horse (Gabriels et al. 2012). 

Table 36. Scientific evidence for therapeutic horseback riding (equine-assisted therapy) in autism 
spectrum disorder 
Source Findings Level of Evidence 
Gabriels et al. 2012 (RCT)  Decreased social motivation, sensory integration and 

hyperactivity 
B 

Bass et al. 2009 Improved social functioning and response time to stimuli C 
Ward et al. 2013 Improved motor coordination and balance, increased 

communication attempts 
C 

Kendall et al. 2015  
Systematic review) 

Overall positive effects, but small sample sizes and 
methodological limitations 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011) 

Effectiveness 

Research on hippotherapy, particularly in the field of behavioral and sensory disorders, includes various 
randomized controlled trials, which provide moderate-quality evidence (Kendall et al. 2015). EAAT has been 
linked to multiple improvements in individuals with autism, including enhanced social interactions—such 
as eye contact, joint attention, and facial expression use—and reductions in hyperactivity and agitation. 
Participants also frequently exhibit improved motor skills, particularly in balance and coordination, 
alongside decreased anxiety and enhanced sensory integration and body awareness. The therapeutic bond 
established between the participant and the horse, combined with the calming, rhythmic motion of 
horseback riding, is believed to underlie these neurosensory benefits (Trzmiel et al. 2019). 

Clinical Comment 

Hippotherapy is recognized as a safe complementary intervention, particularly advantageous for 
individuals with autism experiencing sensory and motor sensitivities. Its efficacy appears to be enhanced 
when integrated with behavioral interventions. Safety considerations require that participating horses are 
properly trained and that sessions are conducted under the supervision of a qualified professional team. 
Although the overall evidence supporting hippotherapy remains moderate to low, several randomized 
controlled trials have reported promising outcomes (Trzmiel et al. 2019). Research indicates that 
hippotherapy may positively impact sensory regulation, social interaction, motor coordination, and anxiety 
management in children with autism spectrum disorder. However, most studies have involved small 
sample sizes, highlighting the need for standardized, large-scale randomized controlled trials to 
substantiate these findings (Ward et al. 2013) 

Chiropractic Care 

Chiropractic treatment is among the frequently employed CAM for individuals with ASD (Khorshid et al. 
2006). Its application in this population has been systematically reviewed by Alcantara and colleagues 
(Alcantara et al. 2011a), encompassing three case studies, one cohort study, and a randomized comparative 
trial (Khorshid et al. 2006). In the cohort study, 26 children with ASD received chiropractic care over a nine-
month period, with reported improvements in behavior and reductions in medication usage, as noted by 
both parents and teachers (Alcantara et al. 2011a, 2011b). However, the absence of a control group and the 
limited sample size constrain the reliability of these findings (Alcantara et al. 2011b). In another 
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investigation, Khorshid et al. compared two chiropractic approaches in children with autism: Atlas 
Orthogonal Upper Cervical Spinal Manipulative Therapy, which employs percussion-based adjustment of 
the atlas vertebra, demonstrated more favorable outcomes than traditional Spinal Manipulative Therapy, 
which involves rapid, low-amplitude thrusts. Nevertheless, the lack of a control group remains a major 
methodological limitation (Khorshid et al. 2006). While spinal adjustments are generally regarded as safe, 
further rigorously controlled studies are required to establish their efficacy in managing ASD-related 
symptoms (Alcantara et al. 2010). 

Scientific Basis  

Chiropractic care is a complementary medicine approach that employs manual manipulation techniques 
grounded in the relationships among spinal alignment, nervous system function, and overall health (Hawk 
et al. 2007). Some practitioners posit that these interventions may be beneficial for individuals with ASD, 
particularly in domains such as behavior, sleep, and sensory sensitivity (Alcantara et al. 2011a, Perrin et al. 
2012). 

Application  

Chiropractic interventions typically involve gentle manipulations of the spinal region (Gleberzon 2006). In 
children with autism, low-force or light adjustment techniques are generally favored to ensure comfort 
and safety (Marchand 2012). Treatment frequency is commonly scheduled at one to two sessions per week, 
tailored to the individual’s needs and therapeutic response (Shaw and Soto-Garcia 2021). 

Effectiveness  

Scientific research on the effects of chiropractic care in individuals with autism is quite limited. The 
existing studies are mostly in the form of case series, anecdotal reports, or uncontrolled observational 
studies (Khorshid et al. 2006). Some studies have reported potential outcomes following chiropractic care, 
including improvements in sleep patterns, reduced sensory sensitivity, and decreased behavioral 
hyperactivity. However, the majority of these findings are derived from parental reports, and there is 
insufficient scientific evidence to directly attribute these effects to chiropractic intervention (Khorshid et 
al. 2006). 

Table 37. Scientific evidence for chiropractic and manual therapies in autism spectrum disorder 
Source Findings Level of Evidence 
Khorshid et al. 2006 (Case series)  Mild improvement in behavior in 4 children D 
Erickson et al. 2009  Improvement in some sleep and behavior 

parameters reported after chiropractic care 
D 

Alcantara et al. 2011 (Review)  Overall results appear positive, but there are 
serious methodological shortcomings 

D 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Clinical Comment 

Chiropractic care is not recommended as an evidence-based intervention for individuals with autism. Most 
studies in the literature are limited by the absence of control groups and short-term observation periods. 
Moreover, ethical and pediatric neurological concerns have been raised regarding the safety of spinal 
manipulations in children (Ernst and Gilbey 2010). Given the low level of evidence (D) and the uncertain 
balance between potential benefits and risks, chiropractic care should be considered only with informed 
parental consent and following thorough evaluation. Although some studies suggest potential 
improvements in behavior and sleep, these claims lack objective validation and controlled research. The 
prevailing scientific consensus indicates that current evidence is insufficient to support chiropractic 
intervention for children with autism (Khorshid et al. 2006). 

Socially Assistive Systems (SAS) 

Children with ASD often exhibit deficits in communication and social interaction (Lai and Oei 2014). Such 
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impairments in social behavior can limit the effectiveness of therapeutic interventions and constrain the 
acquisition of social skills (Vivanti and Rogers 2014). SAS Concert Programs aim to promote 
interhemispheric brain balance and functional integration by utilizing music, tonal patterns, and speech 
delivered via headphones, thereby supporting neurodevelopment. However, current evidence is 
insufficient to substantiate their efficacy in the treatment of autism (Nadeem et al. 2025). 

Table 38. Scientific evidence for robot-assisted therapy in autism spectrum disorder 
Source Findings Level of Evidence 
Scassellati et al. 2018  Robot-supported social education programs increased 

social initiative and interaction time in children with 
ASD 

B 

Costa et al. 2015  Significant improvement in children's face recognition 
performance in interventions with the NAO robot 

B 

Pennisi et al. 2016 (Systematic 
review) 

Robot-assisted therapies are effective in the short 
term, but long-term effectiveness data is insufficient 

C 

Level of Evidence: A = high, B = moderate, C = low, D = not recommended (OCEBM Levels of Evidence Working Group 2011). 

Scientific Basis  

ASD is a neurodevelopmental condition characterized by deficits in social communication, restricted 
interests, and repetitive behaviors. Recently, technological tools—including social supportive robots (SDS), 
artificial intelligence systems, and digital applications—have been proposed as potentially effective 
interventions for enhancing social skills in individuals with ASD (Scassellati et al.2012). 

Application 

Socially Assistive Robots [SARs] are technological tools designed to achieve behavioral, cognitive, and 
motivational objectives by facilitating social interactions with users without requiring physical contact. 
These interventions are typically implemented in various forms (Costa et al. 2015). Technological 
approaches for individuals with autism include social robots such as NAO, Kaspar, and QTrobot; artificial 
intelligence–enhanced mobile applications, including Emotiplay and projects from the MIT Media Lab; as 
well as wearable devices like emotion-recognition wristbands (Anzalone et al. 2019). 

Table 39. Levels of scientific evidence for robot-assisted therapy in autism spectrum disorder 
Level of Evidence Description Examples / Sources 
Level I Randomized controlled trials (RCT) Kumazaki et al. (2020); Wainer et al. (2014)  
Level II Quasi-experimental studies (with control 

group but no randomization) 
Costa et al. (2015)  

Level III Observational studies and case studies Bekele et al. (2013); Coeckelbergh (2010)  
Level IV Expert opinion and user reports Therapist, parent, and teacher observations 

Effectiveness  

Multiple studies have demonstrated that these technological systems can positively impact key social and 
emotional skills in individuals with autism, including the establishment and maintenance of eye contact, 
recognition and interpretation of facial expressions, enhancement of social initiation and response 
behaviors, improved emotional regulation, and increased motivation to initiate communication (Anzalone 
et al. 2019). Levels of evidence vary in the literature in this area. The quality of evidence is moderate, as 
most existing studies are based on small sample sizes and short-term applications. Long-term follow-up 
studies and meta-analyses are still limited (Kumazaki et al. 2020). 

The reported effectiveness of these interventions can be summarized as follows: Social communication 
exhibits moderate to high improvement, with notable gains in facial recognition, eye contact, and 
reciprocal interactions. Behavioral regulation shows low to moderate effectiveness, as most studies have 
not documented significant reductions in repetitive behaviors. Generalization to daily living skills remains 
limited, reflecting the challenges in transferring robot-mediated interactions to real-world contexts. In 
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contrast, motivation and engagement are consistently high, as children with ASD frequently demonstrate 
strong interest in interacting with technological systems (Zheng et al. 2020). 

Clinical Comment 

SAS represent a promising and innovative tool for fostering early social skill development in children with 
ASD (Kern Koegel et al. 2016). Nevertheless, these technologies should be integrated within a 
multidisciplinary framework rather than employed as stand-alone interventions (Syrdal et al. 2020). 
Moreover, factors such as cultural context, the training of parents and therapists, and the individual 
adaptability of the systems may further enhance their effectiveness (Wainer et al. 2010). 

Functional Medicine 

Traditional Chinese Medicine (TCM), with a history spanning over two millennia across Eastern cultures, is 
founded on a distinctive diagnostic and therapeutic philosophy. It seeks to harmonize the body’s opposing 
energies—yin and yang—and to regulate the flow of “qi,” or vital life energy. According to the NCCAM, TCM 
encompasses modalities such as acupuncture, moxibustion (the application of heat via burning herbs near 
the skin), Chinese herbal remedies, tui na massage, nutritional interventions, and mind-body practices 
including tai chi and qi gong (Wai Fan 2005). Within TCM, the Chanyi dietary approach recommends 
minimizing foods believed to increase internal heat (e.g., eggs, meats, ginger, garlic, onions), as these are 
thought to negatively impact mood and cognitive functioning in children (Xu et al. 2023). A randomized, 
double-blind study by Chan et al. (2012) evaluated 24 children with autism who were assigned to either a 
Chanyi-based diet or their usual diet for one month, assessing subsequent outcomes. 

In the domain of functional foods, camel milk has been the only product formally investigated in children 
with ASD. Compared to cow’s milk, camel milk is lower in cholesterol and lactose, while being richer in 
nutrients and immune-modulating components such as peptidoglycan recognition protein (PGRP), which 
may support allergy prevention and immune regulation (Al-Ayadhi and Elamin 2013). Multiple placebo-
controlled, double-blind studies have reported significant improvements in autism-related symptoms 
following both raw and boiled camel milk consumption, as reflected in reductions in Childhood Autism 
Rating Scale (CARS) scores and enhancements in antioxidant status (Bashir and Al-Ayadhi 2014). For 
instance, one trial involving 45 children observed marked improvements in the raw camel milk group 
relative to minimal changes in the boiled and cow’s milk control groups (Vandana et al. 2023). Another study 
with 60 participants demonstrated superior CARS outcomes for both raw and boiled camel milk compared 
to placebo. A third study including 65 children reported gains in CARS and Social Responsiveness Scale 
(SRS) scores among camel milk recipients, although Autism Treatment Evaluation Checklist (ATEC) scores 
did not differ significantly from controls (Al-Ayadhi et al., 2015). Despite these promising results, all trials 
were conducted by the same research team, and independent replication is lacking. Additionally, the high 
cost of camel milk may limit accessibility for many families (Al-Ayadhi and Elamin, 2013). While camel milk 
exhibits potential as a complementary therapy, further research is required to establish its long-term 
safety and efficacy in children with autism (Kandeel et al. 2024). 

Scientific Basis  

Functional medicine is a holistic medical framework that seeks to develop personalized treatment 
strategies by integrating an individual’s genetic, biochemical, and lifestyle characteristics. In the context 
of ASD, functional medicine approaches typically include interventions aimed at modulating gut 
microbiota, reducing toxic load, implementing targeted dietary modifications, providing micronutrient 
supplementation, and mitigating systemic inflammation (Mehta et al. 2021). 

Application 

Functional medicine approaches for ASD are typically implemented across several core domains, including 
elimination diets such as gluten- and casein-free regimens; management of intestinal permeability and 
gut microbiota through probiotics, prebiotics, or fecal microbiota transplantation; heavy metal 
detoxification via chelation therapy; correction of nutritional deficiencies with targeted supplementation 
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(e.g., vitamin B12, vitamin D, omega-3 fatty acids, zinc, magnesium); and mitigation of mitochondrial 
dysfunction and oxidative stress through antioxidant support (Rossignol and Frye 2021b). 

Effectiveness  

The level of evidence for functional medicine practices is heterogeneous and is often based on low-
moderate evidence. In particular, the scarcity of randomized controlled trials and limited sample sizes 
make scientific validity in this area controversial (Sathe et al. 2017a). The effects of functional medicine 
approaches on ASD symptoms have primarily been reported in individual case studies and open-label trials 
(Rossignol and Frye 2021b). The most frequently described benefits include improvements in sleep 
regulation, reductions in anxiety and restlessness, enhanced social engagement, and relief of 
gastrointestinal disturbances. However, the generalizability of these outcomes is limited due to 
methodological weaknesses. Moreover, the American Academy of Pediatrics (AAP) and several 
independent health authorities caution that certain interventions—particularly chelation therapy—are not 
recommended because of their adverse effect profiles (Rossignol and Frye 2021b). 

Table 40. Summary of evidence grades for selected ınterventions in autism spectrum disorder 
Intervention Strength of Evidence Key Sources 
Gluten/casein-free diet Moderate (Grade B/C) Sathe et al. 2017 (Systematic Review)  

Probiotic supplement Low–Moderate (Grade C) Sanctuary et al. 2019  

Omega-3 supplement Moderate (Grade B) Bent et al. 2011 

Chelation therapy Low (Grade D – At-Risk) James et al. 2015  

Vitamin/mineral supplements Moderate (Grade B) Adams et al. 2011a  

A = high, B = moderate, C = low, D = very low/not supported (grading system). 

Clinical Comment 

Although functional medicine interventions in autism may yield positive effects for some children by 
addressing individual variability, high-quality scientific evidence supporting the efficacy of most of these 
approaches remains insufficient (Vandana et al. 2023). Current recommendations emphasize that 
functional medicine should be considered only as an adjunctive modality in clinical decision-making and 
implemented alongside evidence-based core treatments under the supervision of a multidisciplinary team 
(Yu et al. 2023). 

Physical Activity / Sports 

There is a limited but growing body of research examining the effects of physical activity on ASD symptoms 
(Ranieri et al. 2023). Some studies have reported that sports participation may reduce repetitive 
movements, while others have observed improvements in general social communication skills; however, 
several studies have found no significant effects (Duquette et al. 2016). Evidence also suggests that 
physical activity can decrease hyperactivity and stereotypic behaviors in individuals with ASD (Kaya and 
Alp 2022). For example, aerobic exercise sessions lasting 6–20 minutes have been shown to reduce 
stereotypies in some studies, whereas others have reported enhancements in academic performance 
(Bahrami et al. 2012). 

Motor coordination difficulties are common among individuals with ASD, and participation in coordination-
focused sports activities may offer meaningful benefits (Downey and Rapport 2012). Additionally, because 
destructive hyperactive behaviors occur frequently, structured physical activity may help regulate these 
behaviors (Lang et al. 2010). Many individuals with ASD struggle with planning unstructured time and may 
revert to restricted or repetitive interests; engagement in sports can redirect this tendency by providing 
structured and purposeful activity (Bremer et al. 2016). Moreover, given the increased risk of weight gain 
associated with certain medications, physical activity plays an important role in weight management (Must 
et al. 2015).Despite the persistence of social communication difficulties for many individuals with ASD, 
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even under intensive schedules, some children develop unique competencies in sports, which can enhance 
self-confidence and provide emotional satisfaction for their families (Bremer et al. 2016). Overall, physical 
activity represents an integrative and promising approach for addressing core ASD symptoms and 
contributes meaningfully to quality of life and physical health (Howells et al. 2022). In several educational 
settings, sports programs are integrated with behavioral interventions, and these combined approaches 
have demonstrated beneficial effects, particularly in reducing undesirable behaviors during follow-up (Pan 
2011). 

Scientific Basis  

ASD is a neurodevelopmental condition characterized by impairments in social communication and the 
presence of restricted, repetitive behaviors. In recent years, interest in the potential benefits of sports 
and physical activity for individuals with ASD has grown substantially (Petrus et al. 2008). Emerging 
evidence indicates that physical activity may exert positive effects on both behavioral symptoms and 
overall health (Lang et al. 2012). 

Application 

The most frequently employed physical activity interventions for children and adolescents with autism 
include structured exercise programs such as aerobic training, yoga, and dance; sensory integration–
based movement activities; individual or group sports such as swimming, horseback riding, and basketball; 
motor skills development programs; and exercise-supported behavioral interventions, including those 
integrated with applied behavior analysis (ABA) (Pan 2010). 

Table 41. Summary of evidence for exercise-based interventions in autism spectrum disorder 
Intervention Strength of Evidence Key Sources 
Aerobic exercise Moderate–High (Grade B) Sowa and Meulenbroek 2012 
Yoga/dance Moderate (Grade B) Rosenblatt et al. 2011  
Swim therapy Moderate (Grade C) Pan 2010  
Sensory integration + exercise Moderate (Grade B) Lang et al. 2012  
Exercise + behavioral therapy Moderate–High (Grade B) Todd and Reid 2006  

A = high, B = moderate, C = low, D = very low/not supported (grading system). 

Effectiveness  

The current literature suggests that physical activity provides benefits in a variety of areas in ASD. 
However, the methodological diversity of the studies, small sample sizes, and uncontrolled designs limit 
the level of evidence (Rosenblatt et al. 2011). Research indicates that regular physical activity programs 
yield positive outcomes across multiple domains. Behavioral improvements include reductions in 
stereotypic behaviors and enhancements in attention span (Sowa and Meulenbroek 2012). Group-based 
physical activities facilitate social interaction and strengthen social communication skills. Advancements 
in motor abilities—such as coordination, balance, and strength—are also frequently reported (Pan 2010). 
Moreover, exercise contributes to emotional regulation, with several studies noting decreases in anxiety 
levels. These benefits tend to be more pronounced with consistent, long-term participation, and behavioral 
gains are more likely to occur with 30-minute exercise sessions performed at least 2–3 times per week 
(Sowa and Meulenbroek 2012). 

Clinical Comment 

Physical activity is a safe, low-cost, and side-effect-free intervention designed to enhance the quality of 
life of individuals with ASD. These interventions are more effective when tailored to the individual's 
specific interests. However, because sensory sensitivities and motor abilities vary considerably across 
individuals, professional assessment is recommended prior to implementation. Family involvement, 
teacher support, and adaptations based on individual needs are regarded as essential for maximizing the 
effectiveness of sports-based interventions. 
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Table 42. Summary of level of scientific evidences of complementary interventions 
Therapy Application Level of Evidence Effectiveness  
Functional Medicine D Immunity, digestion, behavior 
Herbal Products D Calming, general behavior 
Cannabis Oil D Anxiety, sleep 
Hyperbaric O₂ C Sensory sensitivity 
Acupuncture C Anxiety 
TMS B Sleep, sensory regulation 
Hippotherapy B Motor skills, social adaptation 
Behavioral Interventions   
Sports Therapy C Attention, motor skills, behavior 
Neurofeedback C Attention, EEG normalization 
Music Therapy B Communication, social skills 
Auditory Integration D Sound sensitivity 
Sensory Integration B Sensory regulation, attention 
Drama Therapy C Empathy, self-confidence 
Dance Therapy C Motor coordination 
Massage B Attention, sleep 
Yoga C Social interaction, anxiety 
Animal Therapy B Social communication, sensory balance 
Functional Nutrients I–III Social communication, microbiota balance, attention 
Social Supportive Systems (SAR) I–III Social interaction, face recognition, initiation of 

communication 
Chiropractic D Sleep, behavior 
Biological Interventions   
Omega-3 B Social communication, hyperactivity 
Vitamin Supplements C General behavioral improvement 
Methyl B12 / Folic Acid C Attention, speech, behavior 
Multivitamin C General support 
Probiotic B Gut health, behavior 
Digestive Enzyme C Digestion, behavior 
Melatonin B Sleep, behavior 
Oxytocin C Social communication 
L-Carnosine C Language, behavior 
N-Acetylcysteine B Hyperactivity, anger 
Dimethylglycine D Language, attention 
Sulforaphane B Stress response 
Cortexin D Cognition 
Chelation D Heavy metal detox 
IVIG C Immunity, behavior 
Ketogenic Diet II–III Behavioral regulation, attention, hyperactivity 
Feingold Diet III–IV Hyperactivity, sensory sensitivity 
Low Oxalate Diet III–IV Gastrointestinal symptoms, potential behavioral effects 
Low FODMAP Diet III Intestinal complaints, anxiety, behavioral sensitivity 
Gluten–Casein-Free Diet C Behavior, bowel function 

Level I: Randomized controlled trials (RCTs), meta-analysis; Level II: Controlled but non-randomized trials; Level III: Observational studies, case series 
Level IV: Expert opinion, anecdotal evidence, parent reports;  
Level of Evidence: A = high, B = moderate, C = low, D = very low / not recommended 
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Discussion 
Klein and Kemper (2016) classified ASD interventions into four categories: recommended, monitored, 
tolerated, and avoided. This classification employs a two-dimensional framework evaluating both the 
efficacy and safety of each treatment (Klein and Kemper 2016). To be designated as "recommended," an 
intervention must be supported by evidence from at least two RCTs. Interventions in this category include 
nutritional support, physical activity, appropriate sleep hygiene, stress reduction, social engagement, 
avoidance of environmental toxins, applied behavior analysis (ABA), parent-led educational programs, 
melatonin for sleep disturbances, and music therapy (Trembath et al. 2023). 

Interventions classified as "monitored" have demonstrated potential benefits for specific ASD-related 
symptoms but raise concerns regarding safety, cost, or adverse effects. Pharmacological treatments and 
restrictive diets fall within this category; they may be advantageous for certain children but require careful 
supervision (Klein and Kemper 2016). “Tolerated” therapies lack robust evidence from high-quality 
randomized controlled trials (RCTs) yet are generally considered safe for clinical use. Given the diversity of 
these approaches, Klein subdivided them into biochemical, lifestyle, mind-body, biomechanical, and 
bioenergetic interventions. Although many complementary therapies fall into this group and are typically 
well-tolerated, they cannot be formally recommended without further rigorous validation (Klein and 
Kemper 2016).Conversely, the “avoided” category encompasses interventions such as chelation, secretin, 
and hyperbaric oxygen therapy, which have not demonstrated efficacy or safety in clinical trials. These 
therapies present notable risks and financial burdens and lack compelling evidence for ASD management 
(Klein and Kemper 2016). ASD represents a heterogeneous group of neurodevelopmental disorders 
influenced by both genetic and environmental factors (Hyman et al. 2020). Consequently, treatment must 
be individualized, as no universal approach is effective for all (Pandina et al. 2020). Pharmacological 
interventions have generally failed to address core ASD features, prompting increased exploration of non-
pharmacological therapies (Bradshaw et al. 2021).  

Parents often seek guidance through online resources or peer networks and may adopt diverse alternative 
strategies to support their children (Smith et al. 2020). Healthcare providers must maintain open 
communication, offer accurate and balanced information, and provide compassionate, personalized care. 
Regular reassessment is essential to tailor interventions to each child’s evolving needs (Mulé et al. 2021). 
Although certain CAM approaches show potential for alleviating ASD symptoms such as irritability, sleep 
disturbances, hyperactivity, and social challenges, scientific evidence remains limited and sometimes 
controversial (Doherty et al. 2025). Nevertheless, many CAM interventions are well-tolerated and 
associated with minimal adverse effects (DeFilippis 2018b). The chronic and heterogeneous nature of ASD 
underscores the necessity of multidisciplinary strategies that integrate behavioral, educational, and 
vocational supports (Frye 2022). Interest in CAM targeting underlying molecular mechanisms of autism is 
growing, yet the variability of ASD complicates the assessment of treatment outcomes (Doherty et al. 
2025). 

It is critical to recognize that some CAM practitioners misleadingly claim to “cure” autism, which can be 
both deceptive and hazardous (Jonkman et al. 2022). Certain interventions, such as chelation, may be 
appropriate only in specific medical contexts (e.g. confirmed heavy metal toxicity) but are unsuitable for 
addressing core ASD symptoms (James et al. 2015). Clinicians should inquire about CAM use, adopt a 
nonjudgmental approach, and provide informed guidance (Akins et al. 2010). The widespread adoption of 
CAM, despite limited evidence, is often driven by perceptions that “natural” treatments are inherently safer 
than pharmaceuticals (Singer and Ravi 2015). However, “natural” does not guarantee safety; many herbal 
products lack standardized manufacturing and may interact with prescription medications, potentially 
causing adverse effects (Izzo and Ernst 2001, Wang et al. 2023). Families who continue CAM use should be 
carefully monitored for both benefits and risks. Surveys indicate that over half of parents of children with 
ASD have tried at least one CAM intervention following diagnosis (Hopf et al. 2016). Physicians must stay 
informed regarding emerging CAM research and engage in transparent communication with families (Akins 
et al. 2010). Some parents may withhold information about alternative therapies due to fears of judgment 
or concerns regarding their physician’s knowledge (Smith et al. 2020). 
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Conclusion 
Interest in CAM for ASD is widespread among families; however, the overall quality and consistency of 
evidence vary considerably across modalities. Certain interventions, notably melatonin for sleep 
disturbances and selected behavioral or creative therapies such as music therapy, demonstrate a 
favorable risk–benefit profile when applied judiciously and integrated with standard care. In contrast, 
several widely promoted approaches—such as chelation and hyperbaric oxygen therapy—lack robust 
efficacy data and pose significant safety and opportunity costs, and therefore should be avoided outside 
controlled research settings.Clinicians in child and adolescent psychiatry can support families by 
maintaining open, nonjudgmental dialogue, establishing concrete goals, monitoring outcomes using 
simple metrics, and coordinating CAM use alongside ongoing educational, behavioral, and medical 
interventions. Professional guidance from organizations such as the American Academy of Pediatrics 
emphasizes a cautious, evidence-based approach that respects family values without compromising 
safety. Moving forward, pragmatic, well-controlled trials that carefully consider phenotypic heterogeneity, 
co-occurring conditions, and meaningful functional endpoints are essential to determine which CAM 
strategies are appropriate, for whom, and under what conditions. 
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