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                                                             Abstract 

Autism Spectrum Disorders (ASD), as defined by the DSM-5, encompass neurodevelopmental conditions characterized by deficits in social interaction, communication, and repetitive behaviors. Complementary and alternative medicine (CAM) therapies, particularly omega-3 fatty acids, have garnered attention for their potential benefits in ASD management. Omega-3 fatty acids, including DHA, EPA, and ALA, are essential for neural development and possess anti-inflammatory properties. Studies indicate that children with ASD often have reduced omega-3 levels, which are linked to other psychiatric disorders such as ADHD and schizophrenia. The gut-brain axis (GBA) and maternal inflammation during pregnancy are also implicated in ASD pathophysiology, with omega-3 supplementation potentially mitigating neurodevelopmental disruptions.
Research on omega-3 supplementation in ASD is mixed but suggests some improvement in hyperactivity, stereotypy, and communication, despite methodological inconsistencies. Clinical trials have shown varied results, with some indicating significant benefits in behavioral and social domains, while others report minimal effects. The interaction between omega-3 PUFAs and gut microbiota, alongside maternal intake during pregnancy, further supports the potential role of these fatty acids in ASD. However, the heterogeneity in study designs and supplement formulations complicates definitive conclusions. This review underscores the promise of omega-3 PUFAs in ASD treatment, advocating for more rigorous and standardized research to validate their efficacy and optimize therapeutic strategies.

Keyword: omega-3 fatty acid, ASD, Essential Fatty Acids (EFAs)
2


1.Introduction 

The American Psychiatric Association defines autism spectrum disorders as a neurodevelopmental complex disorders, according to the Diagnostic and Statistical Manual for Mental Health, Fifth Edition (DSM-5). It is characterized by persistent deficits in social communication and social interaction across multiple contexts, as well as restricted, repetitive patterns of behavior, interests, and activities. These symptoms must appear early in the development process and lead to a significant developmental disability that has a noticeable impact on gatherings, professional, or additional significant areas of functioning. (Kraneveld et al., 2016).
   The utilization of CAM are clearly widespread, however the claimed prevalence varies due to differences in survey techniques and the demographics studied.(Hanson et al., 2015, Veselinović et al., 2021)
[bookmark: _Hlk167559836]   Omega-3 fatty acids, a well-known complementary and alternative medicine (CAM) medication, are now being used by 28.7% of children with autism spectrum disorders. The human diet consists of three primary types of polyunsaturated fatty acids known as omega-3 fatty acids: eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and alpha-linolenic acid (ALA). Seafood is rich in DHA and EPA, whereas nuts and plant oils are abundant in ALA. these molecules are often known as "essential fatty acids" and are considered vital for human nutrition. DHA and EPA are utilized by the body to synthesize several molecules, including lipoxygenases and cyclooxygenases, which play diverse roles in physiological processes. While the precise method by which omega-3 fatty acids may ease symptoms of Autism Spectrum Disorder remains unclear, research suggests that DHA, which is plentiful in neural tissue, acting a vital role in the proper formation and development of the human brain.
   Omega-3 fatty acids are recognized for their anti-inflammatory effects. Children with ASD exhibited reduced levels of omega-3 fatty acids in three of the four prior studies that investigated this matter, as compared to control groups. Fatty acid deficiencies have also been associated with several psychiatric disorders, including attention deficit hyperactivity disorder and schizophrenia. A recent comprehensive review has demonstrated the statistically significant advantages of Omega-3 fatty acids in the management of depression.(Bélanger and Meguid, 2008). Nevertheless, the methodology employed in the research included exhibited substantial variations, leading to highly divergent outcomes. Due to the fact that children with Autism Spectrum Disorders (ASDs) often consume omega-3 fatty acids and there is some limited evidence suggesting that these acids may have positive effects on their physiology, we conducted a systematic review to find and evaluate all previous clinical studies that have documented the benefits of omega-3 fatty acids as a treatment for children with ASDs.(Bent et al., 2009)

1.1.  Essential Fatty Acids (EFAs)
[bookmark: _Hlk167560752][bookmark: _Hlk167562650]      Essential Fatty Acids (EFAs) are derived from plants or other creatures that have the ability to produce them through enzymatic processes. EFAs are crucial dietary elements for the endurance of humans and other beings due to the lack of desaturase (Δ)12 and Δ 15 enzymes, which are needed to add a double bond at the n ω-6 or -3 situation of a fatty acid carbon chain. The body has two types of essential fatty acids (EFAs) that occur naturally: the ω-6 series, which is formed from cis-linoleic acid (LA, 18:2), and the ω-3 sequences, which is generated from α-linolenic acid (ALA, 18:3). LA and ALA, which are acquired through the diet, undergo further metabolism in the liver-colored by the enzymes Δ6 and Δ5 desaturases.(Lauritzen et al., 2016)
    Furthermore, LCPUFAs are integrated into phospholipids in cell membranes, and the integration of DHA occurs at exceptionally high levels in the central nervous system. The accumulation of this substance in the brain begins during the period of rapid brain development in the womb and persists until the age of two, after which it remains at consistently high levels throughout the individual's lifespan. The supply of long-chain polyunsaturated fatty acids (LCPUFAs) to the fetus happens through the transfer of unesterified PUFA, primarily obtained from the mother's blood circulation, across the placenta. The formation of long-chain polyunsaturated fatty acids (LCPUFAs) in newborn tissues after birth is facilitated by the transfer of LCPUFAs from the mother through breastmilk. Furthermore, the levels of LCPUFAs in the blood of breast-fed infants stay greater than the levels in their mothers' blood for a period of time after birth. Regarding the functional impacts of supplementing infants with LCPUFAs, the most widely acknowledged developmental consequence is an enhanced rate of visual acuity development. This improvement appears to be primarily attributed to the presence of DHA. After reaching high concentrations of DHA in the brain, these levels are sustained throughout later life. However, this maintenance is likely contingent upon an ideal dietary source, as studies have confirmed that the intake of DHA from fish is the primary factor influencing DHA levels in different lipid pools among adults. Based on these sightings, the use of LCPUFAs in mental diseases is supported by the fact that the brain is mostly made up of ω-3 PUFAs, which have been proven to possess neuroprotective qualities, particularly in altering the synaptic membrane. These substances alter the way brain cells communicate with each other, specifically by regulating the levels of monoamines and influencing the characteristics of receptors and signal transduction. This could perhaps explain their involvement in the development of certain psychiatric disorders.(Mischoulon and Freeman, 2013)
    Individuals who have a range of mental disorders, including attention deficit hyperactivity illness (ADHD), depression, schizophrenia (SCZ), and Autism Spectrum Disorder (ASD), have been observed to have lower levels of Omega-3 PUFAs. Previous studies have discovered significant abnormalities in the fatty acid composition of peripheral tissues in untreated persons with schizophrenia, as compared to healthy individuals. These irregularities consist of insufficiencies in ω-3 and ω-6 PUFAs, which are somewhat rectified by prolonged antipsychotic therapy. Similarly, individuals who are undergoing their initial episode of psychosis and have not yet received any treatment similarly displayed diminished levels of DHA in their red blood cells in comparison to healthy persons. Moreover, a recent examination of 18 studies that compared individuals with schizophrenia to control groups revealed notable inadequacies in DHA levels. Furthermore, reduced levels of ω-3 polyunsaturated fatty acids (PUFAs) have been detected in children diagnosed with autism spectrum disorder. Further data substantiates the substantial role of ω-3 PUFAs in neurodevelopment.(Agostoni et al., 2017)

1.2. Gut–Brain Axis (GBA) and ASD

   The hominoid gastrointestinal tract harbors an extensive population of microorganisms, estimated to be over 100 trillion, comprising at least 1000 distinct bacterial species that have been characterized thus far. These microbes have an impression on the immune, neurological, metabolic, and digestive systems of the host. The first few months of life are crucial for the formation and maturation of the gut microbiome, which is also referred to as microbiota. Several factors, including stress, gastrointestinal issues, formula feeding, the host's genetic makeup, vaginal delivery, and the use of antibiotics, can influence this process. 
   Accumulating evidence indicates that gut bacteria plays a pivotal role in neuroinflammation.(Milošević et al., 2021)
Families with Autism Spectrum Syndrome who have gastrointestinal symptoms show an imbalance in the levels of inflammatory cytokines and greater permeability in their intestines, as compared to children without gastrointestinal symptoms. Due to their ability to traverse the blood-brain barrier and directly influence changes in brain function 
(Iannone et al., 2019), Short-chain oily acids (SCFA) stand essential mediators that build a link amid the gut microbiota and the mind. 
The maturation of both distinctive and adaptive immunological ripostes, as well as the maintenance and control of the small intestine membrane, rely on three distinct types of short-chain oily acids (SCFAs): acetic acid, valeric acid, and propionic acid. The gut microbiota generates bacterial toxins, specifically Clostridium spp., that stimulate the immunological response pathway, activating the immune system both within the intestines and externally. This specific immune response is distinguished by heightened oxidative stress.
Subsequently, the presence of oxidative stress on the membranes of epithelial cells increases the permeability of the intestines. 
    Induces bacterial migration to the lamina propria of the mesenteric lymphoid flesh. Dendritic lockups, macrophages, and mucosal immune lockups subsequently release pro-inflammatory cytokines. 
(Rooks and Garrett, 2016) Proinflammatory cytokines stimulate the firing of the vague nerve or its entry into the brain through the blood (as shown in Figure 1), hence regulating the activity of microglia and the overall operative of the Vital Nervous Organization (CNS). Microglial cells, a specific group of macrophages, act as the primary defense mechanism for the immune system in the brain.The immune system and gut microbiome have substantial reciprocal connections. The regulation of immunity is disrupted in various ways in individuals with Autism Spectrum Disorder. Insufficient levels of omega-3 fatty doses can provide a substantial danger for ASD, and the composition of the microbiota is affected by neuroinflammation and vice versa.(Goines and Ashwood, 2013)
[image: ]

Figure 1Altered gut microbiota and inflammatory processes in Autism Spectrum Disorder (ASD).

1.3. Autism and Maternal Inflammation Throughout Pregnancy

   An epidemiologic study has definitively linked the etiology of autism range disorder with maternal inflammation. The judgement of infection and the strength of the mother's immunological response during pregnancy can influence the likelihood of neurodevelopmental problems in the fetus. The presence of disease-causing microorganisms, the byproducts they produce, and the components they contain can trigger the production of inflammatory proteins known as proinflammatory cytokines. The fetal brain is vulnerable to alterations in neurodevelopment caused by the capacity of maternal cytokines to traverse the placental barrier and induce the generation of new cytokines in that area. Furthermore, inflammation in the placenta can gun trigger a widespread inflammatory response in the fetus, leading to harmful impacts on the white matter of the fetal brain. Neonatal brain injury is a consequence directly caused by this specific sort of inflammation. 
   Individuals diagnosed with Autism Spectrum Disorder have diverse concentrations of inflammatory cytokines in their bloodstream, particularly in monocytes, serum, plasma, brain tissue, and cerebrospinal fluid. As a result, the immune system in the central nervous system (CNS) becomes less effective, while the activation of microglia in the brain increases. This response has been proposed as a possible contributing factor to future neurodevelopmental conditions, including as cerebral palsy, autism, schizophrenia, and cognitive deficits.. (Madore et al., 2016)
  These conditions include cognitive deficits, autism spectrum disorder, schizophrenia, and cerebral palsy. The effect of PUFA supplementation on neurodevelopmental disorders is still unclear, despite their capacity to decrease inflammation and enhance the equilibrium between pro- and anti-inflammatory cytokines. 
Individuals diagnosed with autism spectrum disorder (ASD) exhibit immunophenotypes that are marked by an elevated proinflammatory state, characterized by increased amounts of cytokines and chemokines. 
   The mentioned substances are interferon (IFN-), IL-1~, IL-6, tumor necrosis factor (TNF-~), interleukin 12 subunit beta (also known as IL-12 subunit p40), monocyte chemoattractant protein 1 (MCP-1, also referred to as CCL-2), transforming growth factor-~ (TGF-~), and excessive cellular immune reactions..(van der Burg et al., 2016) 
Although each patient with ASD has a distinct genetic makeup, dietary habits, and lifestyle, immune abnormalities, such as variations in the immune/cytokine profile, provide difficulties in understanding the connections between motherly inflammation, dietary/supplement modifications, and vicissitudes in ASD symptoms in broods.

1.4. Omega-3 and Omega-6 polyunsaturated fatty acids (PUFA) and fiery processes associated with ASD

   Phospholipids, essential for the formation and functioning of cell membranes, include polyunsaturated fatty acids (PUFA). The cellular and intracellular films of the hominoid body the essential components of this composition include arachidonic cutting (20:4n-6, AA), eicosapentaenoic cutting (20:5n-3; EPA), docosahexaenoic cutting (22:6n-3; DHA), linoleic acid (18:2n-6, LA), and the byproducts resulting from their metabolism. ALA, an early form of omega-3 polyunsaturated fatty doses, can be converted into EPA, which can then be further transformed into DHA and docosapentaenoic acid (22:5n-3; DPA). DHA is complicated in multiple cognitive processes, such as neurite formation, membrane variability, neurotransmission, endothelial function, neuronal existence, and the deterrence of neurodegeneration. As a result, it is crucial for young children and expectant mothers to ingest it. Proinflammatory eicosanoids, including prostaglandins, are molecules that induce inflammation and are typically present in individuals with allergies and inflammatory diseases, which are frequently observed in individuals with autism spectrum disorders. Eicosanoids are synthesized from arachidonic acid (AA), which serves as its precursor. The properties of eicosanoids generated from omega-3 EPA are in opposition to those originating from omega-6 AA. Approximately 60% of persons diagnosed with Autism Spectrum Disorder exhibit systemic immunological dysfunction, suggesting a possible correlation between polyunsaturated fatty acids (PUFA) and provocative equilibrium in ASD. This connection is linked to inadequate levels of omega-6 and omega-3 polyunsaturated fatty doses (PUFA) in the diet. Imbalances in the ratio of omega-6 to omega-3 polyunsaturated fatty doses (PUFAs) can explain the higher levels of antibodies against neurons and glial chemicals observed in patients with Autism Spectrum Disorder.(Sheppard et al., 2017)
   According to a research conducted by (Parletta et al., 2016), Children diagnosed with Attention Deficit Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder had higher levels of the AA/EPA ratio and lower levels of the omega-3 Polyunsaturated Fatty Acids (PUFAs) DHA and EPA compared to typically developing individuals. Attention is a crucial characteristic of neurodevelopmental disorders, especially when it comes to difficulties in learning. People diagnosed with Autism Spectrum Disorder undergo alterations in their PUFA metabolism, resulting in heightened oxidative stress, manufacture of proinflammatory cytokines, and an imbalance in the production and activity of neurotransmitters. Children who have elevated levels of inflammation may have more advantages from the use of vitamin D and omega-3 LCPUFAs, as these daily supplements have a controlled impact on their bodies. Given that polyunsaturated fatty acids (PUFA) have both structural and functional roles in neuronal membranes, it is reasonable to suggest that supplementation may alleviate symptoms in children with psychiatric illnesses by bolstering underlying biological mechanisms. (Masi et al., 2015)

1.5. In ASD, gut microbiota and omega-3 and omega-6 polyunsaturated fats

The precise mechanism by which polyunsaturated greasy doses (PUFA) impact autism range disorder (ASD) is not completely comprehended. However, one idea proposes that PUFA exerts its influence on the brain via the gamma-aminobutyric acid (GBA) pathway. Understanding the connection amid the gastrointestinal system and the central anxious system could potentially result in novel strategies for tackling mood and behavioral disorders. Probiotic bacteria and omega-3 polyunsaturated fats have been shown to have a synergistic interaction during digestion, with omega-3 lipids assisting in the attachment of probiotics to the intestinal wall.(Mazahery et al., 2019) 
     The combined use of probiotics, specifically Bifidobacterium and Akkermansia, together with omega-3 fatty doses, has demonstrated synergetic health benefits in the treatment of individuals with Autism Spectrum Disorder. A decrease in the abundance of the bacterial species Akkermansia, which plays a part in supporting the intestinal wall and is found in the mucus coat of the instinctive, can lead to the development of autism-like characteristics, including higher gut permeability and a weakened barrier.(Wall et al., 2012)

1.6. Pregnancy-related Maternal Status of PUFA and ASD

An in-depth study of pregnancies in younger siblings at high risk of complications revealed that an increased intake of total omega-3 PUFA by the mother during the latter part of pregnancy was associated with a decreased likelihood of the children developing autistic spectrum disorder (ASD. A decrease of 40% in the number of mothers consuming higher quantities of total omega-3 throughout the later stages of their pregnancies led to a reduced occurrence of infants with ASD. This study presents strong evidence of an association between the mother's consumption of omega-3 during the later stages of pregnancy and the children's vulnerability to ASD. Nevertheless, there was no notable correlation discovered between plasma polyunsaturated greasy cutting (PUFA) levels during the third trimester and the likelihood of developing autism range disorder (ASD).(Huang et al., 2020)

2. Literature review 
2.1. The Function of Omega-3 PUFA Supplementation in the Symptoms of Autism Spectrum Disorder

  There were only a few numbers of randomized controlled studies (RCTs) that deliberate the belongings of omega-3 PUFA supplement on behavioral issues and indications of autism. Among the randomized controlled trials (RCTs), twelve have been identified as having good quality and will be subjected to comprehensive analysis based on their adherence to the specified criteria: The individuals have remained identified with Autism Spectrum Disorder based on the criteria specified in the DSM.(Mazahery et al., 2020)

   Multiple randomized skillful hearings (RCTs) consume demonstrated that supplement with omega-3 polyunsaturated greasy acids (PUFAs) effectively enhances key indications of Autism Spectrum Illness , specifically hyperactivity, lethargy, and stereotypy (as shown in Table 1). The       the trial entailed delivering a everyday dose of 1.3 grams of omega-3 fatty acids to children diagnosed with Autism Range Disorder who displayed hyperactivity. The duration of this treatment was 6 weeks, during which a placebo was employed for comparison. There was a small development in the hyperactivity notches of the children who were given omega-3 treatment, but this change was not statistically significant. Nevertheless, there were statistically significant improvements observed in the subscales of stereotypy and lethargy. Yui et al. provided large amounts of AA (arachidonic acid) and DHA (docosahexaenoic cutting) to seven children with ASD (autism range disorder) over a period of 16 weeks. Subsequently, the results were compared to those of a control group consisting of six broods who received a placebo. They experiential a significant improvement in the communal disengagement subscale, as well as in the subscales related to stereotyped and repetitive behavior and communication..(Doaei et al., 2021)
    provided a everyday amount of 200 mg of DHA to children diagnosed with ASD, aged 3 to 10 years, for a duration of 6 months. Nevertheless, no noticeable development in the core symptoms of autism was detected. The researchers noted a promising enhancement in useful communication, as reported by educators, in children diagnosed with autism who conventional DHA supplement. The data revealed a slight, but statistically insignificant, advantage of omega-3 PUFA supplementation in children with ASD. A new 6-month randomized controlled study (RCT) comparing the effects of omega-3 fatty acid additions (1.5 g) to a palliative in broods old 2-5 years with Autism Spectrum Disorder (ASD) did not support the use of high-dose omega-3 greasy cutting supplements in young broods with ASD..(Raine et al., 2019)
A study revealed that the administration of DHA, EPA, and AA supplements for a period of 3 workweeks led to improved behavior in around two-thirds of broods diagnosed with Autism Spectrum Disorder (ASD). Language and speech impairments are core features of ASD symptoms that current therapies find challenging to target. conducted a clinical study in which they randomly assigned participants to different groups and neither the participants nor the researchers knew which group they were in. The study aimed to examine the impact of a 3-month oral treatment with omega-3/-6/-9 fatty acids on language and social communication in children with Autism Spectrum Disorder (ASD) who were born prematurely and were between 18 and 38 months old. The findings demonstrated that the intervention resulted in a rise in the quantity of words generated, the integration of gestures and words, and the expansion of social-communicative gestures. The researchers concluded that including polyunsaturated greasy doses (PUFA) had a positive effect on overall social communication. 
      The researchers determined that PUFA supplement yields good results for all categories, with persons having lower baseline levels of omega 3/omega 6 exhibiting a more prominent result are seeing offering support for omega-3 as an adjunctive intervention for clinic-referred children with reactive aggression, alongside traditional therapy. There was only limited evidence substantiating the effectiveness of omega-3 in addressing antisocial behavior. In a randomized controlled trial conducted it was demonstrated that the combined administration of vitamin D and omega-3 PUFA had a significant positive impact on the social announcement abilities of children diagnosed with Autism Spectrum Disorder. A following study conducted by the same author shown a significant improvement in symptoms of irritability and in the domains of social functioning, including social awareness and social-communicative abilities. saw significant improvements in Autism Spectrum Disorder symptoms among children aged 18-38 months who were born preterm at 29 weeks of development or earlier and were randomly randomized to receive Omega-3-6-9 Junior. Nevertheless, these impacts were confined to a singular facet of the illness.
 recent study found that providing omega-3 treatment led to improvements in autism symptoms in youngsters, based on our current understanding. The interventions resulted in a decrease in stereotyped behaviors and an improvement in social announcement. Additionally, the GARS score increased after the intervention, in comparison to the switch group. The researchers did not find any statistically important change in the score of the communal interaction subscale. 
    According to performed research, omega-3 PUFA has been found to significantly reduce fundamental symptoms of ASD, including stereotypy and communal behavior, which encompasses social consciousness, social drive, and social-communicative functioning. In addition, the positive benefits are shown in the early development of language and in the reduction of hyperactivity, repetitive behavior, irritable symptoms, and tiredness. Several studies have documented enhancements in both motor abilities and focus ability.(Keim et al., 2018)
Nevertheless, there was insufficient evidence to demonstrate the effectiveness of omega-3 PUFA in plummeting reactive violence and overall antisocial behavior in the short term. The study did not find any notable disparities between the groups in terms of autism compound scores, adaptive purpose, or language. However, there was a slight improvement observed in hyperactivity and essential indications of ASD, but it was not statistically significant. Doaei et al. could not find any notable alteration in the score of the social interaction subscale. 
This review has demonstrated a dearth of high-quality research investigating the impact of omega-3 PUFA supplementation on broods with ASD. The existing research vary significantly in terms of the composition of additions (EPA, DHA, or both), dosage and duration of supplementation, equipment utilized, etc. Furthermore, numerous trials incorporated other supplements, such as vitamins or omega-6 and/or omega-9. Therefore, it is not possible to derive a compelling inference from this data. However, the current research on the impact of omega-3 PUFA in ASD shows positive results in footings of its therapeutic effectiveness and the capacity of patients to tolerate it well.(Parellada et al., 2017)

3. Conclusion 
Ultimately, the study highlights the intricate nature and possible advantages of omega-3 polyunsaturated fatty acids (PUFAs) in the treatment of Autism Spectrum Disorders (ASD). Autism, which is defined by impairments in social communication and repetitive activities, poses substantial difficulties in therapy. Complementary and alternative medicine (CAM) methods, such as omega-3 supplementation, are becoming more popular among children with ASD. This indicates a strong interest in using dietary interventions.
   Omega-3 fatty acids, specifically DHA and EPA, are essential for the development of the brain and have anti-inflammatory effects. Regardless of the differences in research methods, data indicates that omega-3 supplementation can have a beneficial impact on symptoms associated with Autism Spectrum Disorder (ASD), such as hyperactivity, social communication difficulties, and repetitive activities. Furthermore, the involvement of omega-3 in safeguarding the nervous system and regulating the activity of chemical messengers in the brain emphasizes its potential in treating conditions related to the development of the nervous system.
   The review highlights the gut-brain axis and maternal inflammation during pregnancy as important variables in ASD. The gut microbiota, which can be affected by the intake of omega-3 fatty acids in the diet, has the potential to affect neuroinflammation and, as a result, the symptoms of Autism Spectrum Disorder (ASD). Additionally, the consumption of omega-3 by pregnant mothers has been associated with a decreased likelihood of ASD in their children, providing further evidence for the significance of these fatty acids in early stages of growth.
      Nevertheless, the analysis highlights notable deficiencies in the existing research, such as discrepancies in the amount of dosage, duration of supplementation, and the incorporation of additional dietary supplements in the studies. The discrepancies in the data hinder the capacity to make conclusive statements regarding the effectiveness of omega-3 PUFAs in treating ASD.
    Further investigation should prioritize extensive, meticulously planned randomized controlled trials in order to establish universally accepted procedures for omega-3 supplementation. These investigations could offer more evidence to support the therapeutic use of omega-3 fatty acids in ASD, potentially resulting in more efficient and widely available treatments for those affected by this intricate condition.
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