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Abstract 

Autism Spectrum Disorder constitutes a complex, elaborate, and diverse condition at a developmental, biological, 

and neurophysiological level. It is recognized primarily by the behavioral manifestations of the individual in 

communication, social interaction, and by extension in his cognitive development and adaptation to society as a 

whole. A wide range of studies have linked the pathophysiology of autism to dysfunctional elements in the 

development and function of mitochondria, cells, neurons, and the gastrointestinal microbiome. Low Light Laser 

Therapy (LLLT) is an innovative, emerging, non-invasive treatment method. It utilizes low levels of red light/near-

infrared light positively affecting biological and pathological processes of the body by enhancing cellular, 

mitochondrial stimulation, neurogenesis, synaptogenesis, and immune system development, regulating the gut 

microbiome's function. The retrospective literature review focuses on the possibility of effective use of the method 

in autism. According to the literature, LLLT does not have many applications in patients with ASD and is still in 

the early stages of its use in the disorder. However, the results of the studies highlight its therapeutic effect in 

several areas related to the disease, pointing out that it is a promising therapeutic approach for the evolution of 

autism in the future. 
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As aplicações de TLBL podem melhorar os aspectos do TEA relacionados a 

distúrbios no microbioma intestinal, atividade mitocondrial e função da rede 

neural 

Resumo 

O Transtorno do Espectro Autista constitui uma condição complexa, elaborada e diversificada em nível de 

desenvolvimento, biológico e neurofisiológico. É reconhecida principalmente pelas manifestações 

comportamentais do indivíduo na comunicação, interação social e, por extensão, em seu desenvolvimento 

cognitivo e adaptação à sociedade como um todo. Uma ampla gama de estudos ligou a fisiopatologia do autismo 

a elementos disfuncionais no desenvolvimento e função das mitocôndrias, células, neurônios e do microbioma 

gastrointestinal. Terapia a laser de baixa luminosidade (TLBL) é um método de tratamento inovador, emergente e 

não invasivo. Ele utiliza baixos níveis de luz vermelha/luz quase infravermelha (NIR) afetando positivamente os 

processos biológicos e patológicos do corpo, melhorando a estimulação celular, mitocondrial, neurogênese, 

sinaptogênese e desenvolvimento do sistema imunológico, regulando a função do microbioma intestinal. A revisão 

retrospectiva da literatura enfoca a possibilidade de uso efetivo do método no autismo. De acordo com a literatura, 

a TLBL não tem muitas aplicações em pacientes com TEA e ainda está em estágios iniciais de seu uso no 

transtorno. No entanto, os resultados dos estudos destacam seu efeito terapêutico em diversas áreas relacionadas à 

doença, apontando que é uma abordagem terapêutica promissora para a evolução do autismo no futuro. 

Palavras-chave: Terapia a laser de baixa luminosidade, Autismo, Microbioma, Sinaptogênese-neurogênese, 

Função mitocondrial. 
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The therapeutic use of light at the end of the eighteenth century was the cornerstone of its utilization in the medical 

field when Niels Ryberg Finsen was the first to use red and blue light in the treatment of various human ailments. 

He demonstrated the bactericidal action and environmental tissue stimulation of the concentrated chemical rays of 

sunlight. Then in the early 1960s, the discovery of laser technology was prominent in the medical field but was 

initially treated sparingly due to concerns about its biological effects (Anders et al., 2015). 

The laser is a landmark invention of the 20th century. However, at the beginning of its use, it was more of a 

discovery than a scope-specific invention, as coherent light generation was anticipated to utilizing in 

communications and research in general. As various types of lasers and new applications emerged, they attracted 

scientific and public interest (Hecht, 2010). 

With regard to neuroscience, photobiomodulation (PBM) is being used more frequently as an alternative non-

invasive way of treatment. The scientific community is interested in it since it is a secure, flexible, and functional 

method. The energy produced by the absorption of photons by the cellular mitochondria, acts as a regulator of 

organisms in the cellular environment, creating a possibility for treating diseases or ailments (Pan et al., 2023).  

PBM, also known as Low Light Laser Therapy (LLLT), uses low-power lasers, where through the absorption of 

photons intracellularly they positively affect the oxidative state of cells, the effect on the expression of proteins 

involved in oxidative stress, the inflammation, pain, and neuron growth. Additionally, since LLLT inhibits 

apoptosis, inflammation, stimulates angiogenesis, and allows neurogenesis and synaptogenesis to some extent, it 

is recommended as an effective therapeutic process in the nervous system (Ramezani et al., 2021).  

Autism is a set of heterogeneous developmental conditions which exhibit difficulties in social communication and 

unusual patterns of repetitive behaviors and interests (Lai et al., 2014). The degree of challenges faced by children 

with autism can vary significantly depending on their stage of development, mental capacity, and environmental 

effects (Syriopoulou-Delli et al., 2021).  

In terms of the cause of ASD is a multifactorial phenomenon. Genetic, biological, environmental, and nutritional 

factors make up the complexity and complexity of the disease's symptoms. Mitochondrial dysfunctions and 

disturbances in synaptic development and brain neuroplasticity are particularly highlighted (Hamblin, 2022).  

Additionally, research on both humans and animals has demonstrated that immunological dysregulation brought 

on by the gut microbiota is linked to ASD and plays a substantial role in its pathogenesis. As a consequence, is the 

emergence of neurobehavioral and intestinal dysfunction (Yang et al., 2020). Notably, the imbalance in the levels 

of metabolites produced by gut bacteria could cause behavioral and neurochemical changes associated with ASD, 

such as altered neurotransmitters (dopamine, serotonin, and glutamate), mitochondrial dysfunction, intestinal 

disorders, and increased oxidative stress (Lasheras et al., 2020).  

Given the heterogeneity of ASD in terms of symptoms and the causes that cause it, science has been turning more 

and more in recent years to alternative forms of treatment for the optimal treatment of the phenomenon. 

Consequently, it is appropriate to investigate the relatively emerging therapeutic approach of LLLT in autism, 

considering that it is a non-invasive procedure, without the use of drugs and with non-existent or minimal-mild 

side effects. Therefore, the present study explores applications of LLLT in autism and focuses on potential 

improvements involving mitochondrial, and synaptic function, as well as the gut microbiome, domains that appear 

to be under-functioning in ASD. It aims to highlight the method as a promising complementary or dominant, 

depending on the case, treatment of the disease, as it can work beneficially in various fields of autism pathology, 

thus improving the overall clinical picture. 

 

2. Materials and Methods 

The current research was conducted in selected databases such as Google Scholar, PubMed, and Research Gate by 

conducting a literature review. The above method is considered efficient for describing a topic and related concepts 

and theories (Aromataris & Pearson, 2014). The authors chose narrative review because it allows flexible 

management of knowledge gained resulting from using a wide range of information sources (Byrne, 2016).  

The next set of keywords provided the basis for the search and source identification: low-light laser therapy, 

autism, microbiome, synaptogenesis-neurogenesis, and mitochondrial function. The continuation of the study was 

followed by the categorization of the resources, according to the content of the thematic sections of the article. 

Finally, the research procedure was finished, with the writing of the study, which included the discussion of the 

results and the drawing of conclusions as a final stage. The timeframe of dates associated with the narrative review 

ranged between 2010 and 2023, with a particular focus on the years 2015-2023, due to the approach of the topic 

regarding contemporary concerns. Eligibility criteria of the sources were considered their publication in reputable 

international scientific publications, and their necessity and usefulness in the conceptual understanding and 

processing of the individual research topics. In addition, the purpose, objectives of the articles, and the 
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documentation of their results were assessed, compared to the content of the present study. While sources that 

were unrelated to the employment of low-power lasers did not aid in the comprehension and precise interpretation 

of the data disregarded. 

The conduct of the research focused on the search for the existence of positive consequences in dysfunctional 

sections of ASD, through the application of LLLT.  We specifically investigated if using low-power lasers can 

enhance and improve gut dysbiosis, mitochondria, and the development of the brain's neuronal network, thereby 

influencing how autism develops over time. 

 

3.  Conceptual background  

3.1. Autism Spectrum Disorder (ASD)                                                                                               

According to estimates, the prevalence of ASD is rising rapidly worldwide, reflecting approximately 1% of the 

world's population. It is a complicated neurodevelopmental disorder with several genetic and epigenetic risk 

factors, and its unclear diagnosis makes its treatment difficult (Abirami et al., 2020).  

The clinical picture of ASD varies significantly depending on the presence of comorbidity (ADHD, fragile X 

syndrome, intellectual disability, anxiety in various forms, depression, defiant or aggressive behavior, bipolar 

disorder, inflammatory bowel disease, epilepsy, Tourette syndrome, tic disorders), and the current environmental 

requirements. The initial signs include problems with joint attention, eye contact, a decreased desire for social 

communication, altered response to sensory stimuli, and a lack of social play imitation. Autism-related cognitive 

deficiencies might vary, but remarkable performance in some areas is frequently seen (Sharma et al., 2018; Lord 

et al., 2018). 

The wide range of abilities and levels of functioning in autism spectrum disorder includes weakness in cognitive 

skills, functional language skills, involvement in self-injury, limited adaptive living skills, and high intelligence 

with impaired social skills (Maximo et al., 2014). 

 In light of the involvement of interacting cognitive and social functions in the development of ASD, a holistic 

intervention approach to children with autism is necessary while covering weaknesses in different areas of 

development. Essentially, an effective intervention should combine a variety of actions in multiple settings. 

(Bamicha & Drigas, 2022b; Predescu et al., 2018). The use of alternative forms of treatment for deficits in ASD 

is preferred, as far as possible, since a medication's administration causes side effects and focuses on symptom 

therapy (Ntaountaki et al., 2019; Stathopoulou et al., 2019; Bamicha & Drigas, 2022b). 

 

3.2. Low Light Laser Therapy (LLLT)  

In 1900, Max Planck introduced the photon theoretical approach when he discovered that light energy emitted by a 

heated body is transferred and absorbed in specific amounts of energy called quanta, which are related to the 

frequency of the radiation (Azadgoli & Baker, 2016). Subsequently, the first conceptual structural position for the 

laser was made by Einstein in 1917, referring to the relationship between radiation and energy, pointing out that 

photons could stimulate the emission of identical photons from excited atoms (Hecht, 2010).  

Several years later, in 1967, Endre Mester observed that laser light at low doses could induce hair growth at an 

accelerated rate and healing of excision wounds in mice. As a consequence of the research came the exploitation of 

the specialized field of phototherapy that uses low-intensity light for clinical treatment with stimulatory and inhibitory 

effects, depending on the light parameters used (Anders et al., 2015; Hamilton et al., 2022). The abbreviation "laser" 

stands for light amplification by stimulated emission of radiation (de Sousa, 2016).  

Various names for Photobiomodulation include low-level laser (light) therapy, low-intensity laser therapy, low-

reactive laser therapy, cold laser, non-thermal laser, soft laser, biostimulation laser, and Photobiomodulation laser, or 

even more, light-emitting diode therapy and organic light-emitting diode therapy (de Sousa, 2016).  

Photobiomodulation (PBM) uses light from the visible and near-infrared part of the spectrum at a relatively low 

power density without causing tissue heating or burning. While it often uses a laser as a light source, it does not act 

thermally or ablatively. Specifically, photons stimulate chemical changes within cells, creating beneficial biological 

responses, such as neuroprotective responses, increase in metabolism, blood flow, and neurogenesis (Hennessy & 

Hamblin, 2017).  

Low-Level Light Therapy (LLLT) belongs to light-based therapeutic interventions. Photobiomodulation, the 

procedure for absorbing low-energy red/near-infrared light energy, enhances mitochondrial ATP production, 

signaling, and cell function, limiting oxidative stress. It has to do with how much power the laser light's target 

captures, and the subsequent biochemical consequences of the process (Glass, 2021).  

Tissue and laser qualities will affect how well a laser will work on a tissue sample. Regarding the tissue, parameters 
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such as its structure, water content, thermal conductivity, heat capacity, density, and ability to absorb, disperse or 

reflect the emitted energy are decisive for the result. In addition, laser power, density, energy content, and wavelength 

affect treatment performance (Azadgoli & Baker, 2016). 

Several studies highlight the potential applications of Photobiomodulation in disorders ranging from neurotrauma 

and neurodegeneration to neuropsychiatric disorders, making it a novel potential treatment strategy for neurological 

diseases (Pan et al., 2023). 

Photobiomodulation's application can have therapeutic effects on several disorders and ailments, as shown 

schematically in Figure 1. 

 

 

 

Figure 1. Harnessing Photobiomodulation has a beneficial impact on human health. Source: Liebert et al. (2019). 

 

Several of the positive effects of PBM in the treatment of different diseases and conditions are captured by the authors 

Liebert et al., 2019, in the image up top. A few of them are wound healing, orthopedic conditions, cardiovascular 

diseases, neurological and intestinal disorders, and dental cases. Aside from that, Photobiomodulation's use promotes 

anti-aging, pain relief, skin regeneration, and healing 

 

4. Dysfunctional sections in ASD 

4.1 Mitochondrial activity in ASD  

The neurodevelopmental disease known as autism spectrum disorder (ASD) is characterized by restricted behavioral 

patterns and challenges with the growth of social interaction and communication. Identifying a cellular process that 

underlies cognitive, behavioral, and developmental abnormalities has been a significant challenge for researchers 

(Wen & Yao, 2021).  

Several studies using peripheral biomarkers have linked oxidative stress, mitochondrial dysfunction, and immune 

system dysfunction in individuals with ASD. In addition, it has been observed that physiological abnormalities affect 

peripheral organs, directly affecting brain function, with implications for processing speech, hearing, memory, 

behavior, sensory perception, and motor coordination (Rossignol & Frye, 2014).  

Research reveals an atypical mitochondrial function in children with ASD, resulting in fatigue, seizures, 

gastrointestinal disturbances, endocrine abnormalities, muscle weakness, and limited growth. Consequently, 

mitochondria are an influential therapeutic target for the autism spectrum, aiming to improve several symptoms (Frye, 

2020a).  
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Mitochondria are organelles of the cell that are involved in essential cellular and physiological functions. They 

contribute to cellular energy metabolism, lipid and steroid metabolism, calcium signaling regulation, free radical 

production, and apoptosis (Hollis et al., 2017). 

 Mitochondria play a dominant role in energy production for most cells, cell growth, and cell apoptosis. The brain 

requires plenty of energy for efficient operation, so mitochondrial dysfunction significantly affects it. Indirect effects 

of its limited function are felt in the immune system, causing a reduced number of immune cells and in the 

gastrointestinal tract, leading to dysregulation and malfunction of enterocytes as a side effect (Moradi et al., 2021).  

Notable is the connection between oxidative stress and mitochondrial dysfunction. Specifically, oxidative stress 

causes dysfunctional mitochondria, disrupting the levels of reactive oxygen species (Ros) that are a by-product of 

normal mitochondrial function. ROS is of utmost significance in cell signaling (cell signaling) and homeostasis, not 

but, if their levels are not kept low, they become harmful to the body because they oxidize and limit cell function. 

However, different factors can boost ROS or impair mitochondrial activity (Rose et al., 2018).  

Mitochondria function effectively, differentiating their morphology inside the cells by maintaining homeostasis with 

fusion and fission processes. Fusion allows mitochondria to rescue damaged mitochondria, while fission facilitates 

the separation of mitochondria with weakened mitochondrial DNA (mtDNA), keeping only healthy mitochondria 

inside the cell (Son & Han, 2018). Mitochondrial dynamics, the balance between the processes of mitochondrial 

fusion and fission, constitutes a quality control mechanism of mitochondrial function. For example, excessive 

mitochondrial fission that can be caused by oxidative stress contributes to mitochondrial dysfunction (Yang et al., 

2020).  

Mitochondrial dynamics, the balance between the processes of mitochondrial fusion and fission, constitutes a quality 

control mechanism of mitochondrial function. For example, excessive mitochondrial fission that may be caused by 

oxidative stress contributes to mitochondrial dysfunction (Yang et al., 2020). 

 

4.2 Atypical connectivity patterns in ASD 

The traits of autism include mitochondrial dysfunction and oxidative stress, localized to the cortex, hippocampus, and 

cerebellum. Increased lipid peroxidation, elevated amounts of reactive oxygen species, aberrant calcium homeostasis, 

and neurotransmitter imbalance are signs of neuronal dysfunction. In addition, the functional connectivity disorder in 

the brain of individuals with autism affects areas related to language, personality, task switching, social interaction 

development, self-control, planning, working memory, and in a broader sense, executive function (Hamilton et al., 

2022).  

The ability of the brain to create functional connections thereby defines brain plasticity and structural changes in 

response to resulting internal and external environmental changes (Hamblin, 2019).  

Synapses are specialized asymmetric connections of cells that make up the communication units of the brain. ASD 

is usually diagnosed before turning three, a period characterized by intense synaptogenesis. Studies identify a synaptic 

dysfunction in autism created by gene mutations and environmental factors, most of the time causing functional and 

cognitive impairments. Therefore, the pathogenesis of ASD is attributed, to some extent, to the existence of synaptic 

abnormalities involving synaptogenesis, synaptic plasticity, and neurotransmitter function (Guang et al., 2018).  

For humans to perform higher-order activities, the cooperation of different neural networks involving memory, 

executive system, and emotional and default function is required (Mitrofanis & Henderson, 2020). 

The default mode network is activated when the person is in a state of calm, and rest, and is focused on internal 

thoughts such as recalling memories, envisioning the future, and mind wandering, without engaging in any mental 

work (Raichle, 2015).  

While the cause of autism has not been determined, postmortem imaging studies of people with ASD point to 

abnormalities in the arrangement, and organization of neuronal material, which is a widely accepted explanation for 

the complex neurodevelopmental disorder (Bitsika & Sharpley, 2023). The results of electroencephalograms and 

fMRI studies highlighted dysfunctions in the connectivity of neural networks, specifically in the default mode 

network. The network's restrictions described above, related to introspective awareness and mind wandering, have 

been attributed to social-cognitive deficits in autism (Pallanti et al., 2022).  

Previous studies estimate impaired microglia function in ASD patients. Microglia, the cells of the brain's immune 

system, play a significant role in regulating synaptic formation, removing unnecessary synaptic connections. 

Additionally, they release chemicals such as glutamate and ATP, facilitating synaptic activity. Research reports that 

the maturation of microglia is structurally and functionally influenced by gut microbes (Moradi, et al., 2021).  

Additionally, microglia and astrocytes support synaptic function and plasticity in the brain while maintaining 

homeostasis in the body (Matta et al., 2019). In particular, microglia develop two-way communication with the brain 
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environment in the prenatal and postnatal period, which can influence the development of neurons and synaptic 

contacts, nonetheless, neurons can also have an impact on the phenotypic characteristics of microglia (Carroll et al., 

2021). Several studies in the brains of postmortem ASD patients show increased microglia and astroglial activation 

in the cerebellum and cerebral cortex, along with increased levels of proinflammatory cytokines in the cerebrospinal 

fluid and brain regions cortical. In addition, dysfunctional connectivity is observed in the brain's regions related to 

social-communicative functioning (Vuong & Hsiao, 2017).  

When reactive oxygen species (ROS) production rises, and the body can't counteract its effects by producing enough 

antioxidants, oxidative stress, which is evident in ASD, ensues. Because of this, ROS can be damaging to the body, 

especially when they are present at high levels over an extended period (Hennessy & Hamblin, 2017). In addition, 

mitochondrial dysfunction has been associated with the accumulation of ROS within cells, as they react to oxidative 

stress when a relatively low ROS environment is present. But, when this becomes detrimental to the organism, it is 

the dominant cause of neuroinflammation and damage to the astrocyte-neuron junction leading to ASD (Bjørklund 

et al., 2020; Pangrazzi et al., 2020).  

Postmortem studies in ASD patients showed cerebellar dysfunction with reduced Purkinje cell numbers, reduced 

GABAergic function, and increased levels of oxidative stress, associated with the cerebellum. Autism symptoms that 

lack language, social interaction, and sensorimotor skills seem to be related to cerebellar problems (Khongrum & 

Wattanathorn, 2017).  

Studies in mouse animal models of ASD report that gene mutations associated with neuroplasticity can cause cellular 

hypo-plasticity or hyper-plasticity with consequences for cognition and behavior. Additionally, it is reported that an 

excitation-inhibition imbalance in brain function and a deficit in inhibitory neurotransmission are fundamental factors 

in the development of neuroplasticity, affecting the manifestation of cognitive, social, and behavioral performance in 

individuals with autism (Desarkar et al., 2015).  

Specifically, abnormal GABAergic and glutamatergic neurotransmission in specific brain regions is associated with 

inhibition-excitation imbalance in ASD, impacting symptomatology. In addition, frontal brain networks show the 

most prolonged development compared to other brain regions, suggesting the possible dependence of plasticity on 

experiences. The results of these processes are reflected as a consequence of the individual's overall growth (Carroll 

et al., 2021).  

In addition, the dysfunction of the neurotransmitter system that many individuals with autism experience affects 

neuronal cell differentiation, synaptogenesis, and, by extension, neuroplasticity of the brain. It is due to the 

relationship between neurotransmitters and the cerebellum, cortical organization, general brain development, and 

synaptic remodeling. Consequently, deficits in the performance of neurotransmitters such as serotonin, dopamine, 

noradrenaline, GABA, glutamate, neuropeptides, and subsequent receptor-mediated signaling pathways and gene 

regulation have been linked to the developmental course of ASD (Abirami et al., 2020). 

 

4.3 Gut microbiome alterations in ASD 

The gut microbiota is now commonly acknowledged to be closely concerning health and disease (Liebert et al., 2019). 

The connection of autism with changes in the gastrointestinal microbiome is considered characteristic, affecting brain 

networks and connectivity and the development of social behaviors. Communication occurs between the gut and the 

brain via the stretched vagus nerve, which produces this (Hamilton et al., 2022).  

According to the findings of studies, an altered microbial composition of the gut is observed in people with ASD. In 

particular, many children with autism present with gastrointestinal problems such as irritable bowel, indigestion, 

abdominal pain, and dysbiosis of the intestinal mucosa that result from microbial imbalance. A microbiome is a set 

of microorganisms (bacteria, fungi, viruses, archaea and protozoa bacteria, fungi, viruses, archaea, and protozoa) that 

colonize various parts of the body, such as the skin, eyes, respiratory tract, and intestine (Alharthi, et al., 2022).  

Given the growing evidence that gut microbiota populations may support certain neurobehavioral disorders, this term 

has since been linked and expanded to the gut-microbiome (microbiota)-brain axis (Rosenfeld, 2015). Findings from 

different studies correlate the onset of ASD symptoms with gut microbiota and neurotransmitter levels. At the same 

time, they indicate the importance of intervention in the functioning of neurotransmitters, which can limit the 

behavioral difficulties of people with autism. Various neuroactive compounds that inhibit or activate central neurons 

are produced by the intestinal microflora, such as serotonin, GABA, dopamine (DA), and histamine (Garcia-Gutierrez 

et al., 2020).  

The balanced microbial composition of the gut contributes positively to human health. It is pointed out that the 

gastrointestinal tract is an organ that produces numerous metabolites and neuroactive substances. Consequently, it 

can affect the child's developmental course on the central nervous system (CNS) and the enteric nervous system 

(ENS), which constitute the gut-brain microbe axis. This is achieved through the communication pathway and 
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interaction of gut flora with the brain (Alharthi, et al., 2022).  

Above all, through neurological, immunological, and endocrine mechanisms, the gut microbiota regulates CNS 

functions. Consequently, numerous neuroactive compounds generated by the microbiome, including aminobutyric 

acid, catecholamines, and cytokines, communicate with the central nervous system (CNS) through the vagus nerve 

and endocrine system (Yang, et al., 2020).  

Carabotti et al. (2015) describe a two-way interaction of the central and enteric nervous systems, the so-called gut-

brain axis (GBA), that allows the connection of cognitive and emotional centers of the brain with peripheral intestinal 

functions. It is a two-way communication that connects the emotional and cognitive centers of the brain with 

peripheral intestinal functions. Communication is achieved through signaling from the gut microbiota to the brain 

and from the brain to the gut microbiota through neural, endocrine, immunological, and chemical links 

 

5. LLLT usage in ASD  

In recent years, therapeutic interventions for children with ASD have turned to different forms of support to eliminate 

the side effects of medication. Some of them are special diets, vitamin supplements, yoga, acupuncture, music 

therapy, the therapeutic approach of sensory integration, the use of digital-supportive technology, etc. (Brondino et 

al., 2015; Sideraki & Drigas, 2021; Pergantis & Drigas, 2023a,b). Moreover, it is widely recognized that the use of 

ICT is a significant area of study and an effective tool for the diagnosis and treatment of ASD, addressing severe 

deficiencies in several sectors (Marchi et al., 2018; Bakola et al., 2019; Syriopoulou-Delli & Gkiolnta, 2020; 

Stathopoulou et al., 2019; Chaidi & Drigas, 2020; Drigas & Sideraki, 2021).  

Combining alternative and conventional therapies is beneficial in many cases of autism by reducing or alleviating 

symptoms (Sharma et al., 2018). Considering the positive effects of PBM on synaptogenesis, neurogenesis, 

mitochondrial function, and gut microbiome regulation, it might be incorporated into alternative ASD interventions 

(Hamblin, 2022). 

 

5.1 The basic purpose of the therapy approach - Positive results  

Photobiomodulation (PBM), also known as low-level light therapy (LLLT), involves the use of light in the red (600–

670 nm) and near-infrared (NIR) light (800–1100 nm) spectrum in relatively low power density (Lee, Ding, & Chan, 

2022). Due to its limited potency depending on the target tissue, its usage does not raise the temperature of the tissue 

being treated and, as a result, does not substantially alter the gross tissue structure. One of the most significant 

chromophores is cytochrome c oxidase, which absorbs light in the near-infrared region (de Freitas & Hamblin, 

2016b).  

PBM is a non-invasive treatment that promotes energy production, reducing oxidative stress, and inflammation. 

Moreover, it gives rise to advantages to mitochondrial function and behaviors affected by it, notably when used in 

neurological illnesses. Consequently, it is a promising therapy approach for brain disorders (Yang, et al., 2020; 

Hamblin, 2022). 

Furthermore, it enhances blood flow, increases mitochondrial function, and promotes tissue mending and 

oxygenation. In addition, it reduces swelling, lessens inflammation, protects against apoptosis, regulating the level of 

microglial activation. Additionally, it improves brain function by stimulating neurogenesis and enhancing 

synaptogenesis. It has been demonstrated to improve regional cerebral blood flow and tissue oxygenation in healthy 

human volunteers (both children and adults), having positive effects on memory, mood, and cognition (Hamblin, 

2018). 
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Figure 2. gives prominence to essential processes activated as low-power laser light acts upon cells. Source: Authors. 

 

Authors Bamicha and Salapata in their present study, according to the data from various research (de Freitas & 

Hamblin, 2016b; Zein et al., 2018; Wong-Riley & Liang, 2019; Liebert et al., 2019; Mitrofanis & Henderson, 2020; 

Pallanti et al. 2022) created Figure 2., which illustrates key processes as red and near-infrared (NIR) light acts on 

cells. When light is applied to cells, mitochondria are the initial sites of light absorption, and cytochrome C oxidase 

(CCO) acts as a photoreceptor. Photon absorption then activates a set of reactions known as cell signaling pathways 

that cause nitric oxide (NO) breakdown, ROS production, and increased ATP synthesis. It appears that brain cells 

with fewer mitochondria respond more favorably to low light levels. 

 

5.2 LLLT utilization in ASD  

Leisman et al. (2018) investigated the effectiveness of low-level laser therapy in improving irritability (aggression, 

tantrums, self-injurious behavior) of 40 children and adolescents with autism aged 5-17 years. The experimental 

group consisted of 21 kids and received eight 5-minute treatments with red laser light to the temporal regions and the 

skull base. The remaining 19 children formed the control group that was given a placebo (laser). The intervention 

lasted four weeks and involved two weekly treatments separated by three to four days. The study's results revealed 

that, in contrast to the children who received a placebo, children with ASD signs of irritability have improved.  

Remarkably, the intervention's results remained consistent and increased over time. Specifically, Machado et al. 

(2019) studied the effectiveness of using low-level laser therapy (LLLT) in the study of Leisman et al. (2018), 6 

months after its completion, finding maintenance of improvement. They even point out that photobiomodulation can 

significantly regulate brain-derived neurotrophic factor (BDNF) is closely related to dendrite development, 

neuroplasticity, and brain connectivity. 

Machado et al. (2020) noted that continuing from their earlier research, the treatment can result in maintenance and 

an increase in symptom improvement 12 months following its administration. Suggesting that accomplished when 

LLLT gradually puts together and rearranges brain networks' structural and functional connections, which correspond 

to the symptoms of autism. 

Then follows Figure 3. which illustrates some of the core abnormalities in brain structure and function associated 

with ASD. 
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Figure 3. Fundamental deficits in autism are amenable to improvement through photobiomodulation. Source: 

Hamilton et al. (2022) 

 

Using the previously mentioned Figure 3, Hamilton et al. (2022) highlight the principal deviations observed in autism 

captured in A - left side, while in B - right part following photobiomodulation therapy, the alterations are visible. 

Therefore, the A - left side includes the altered microbiome in the gastrointestinal tract, a decrease in the size of the 

cerebellum and the number of cerebellar cells, an increase in brain neurotrophic factor (BDNF) levels, gliosis and 

inflammation in the brain, macrocephaly, a decrease in activity connectivity, synaptic imbalance in the brain, 

functional connectivity imbalance, dysfunction and oxidative stress in the brain and an increase in local connectivity 

in the cortex. While, through PBM therapeutic intervention the mentioned changes can be enhanced and improved 

on the B-right side.  

 

5.3 Use of transcranial photobiomodulation (tPBM) in ASD 

Sharma et al. (2018) report that the connectivity dysfunction seen in ASD affects behavioral dysregulation, 

specifically crucial social cognition networks related to the ability to interpret, empathize with, and respond to 

others. Mostly when the brain fails to connect and interpret incoming social information from different sensory 

pathways, as occurs when deficits Theory of Mind arise. In light of this is the disruption of social relations with 

effects on the evolution of the cognitive and metacognitive mechanism (Sharma et al., 2018; Bamicha & Drigas, 

2022a; Bamicha & Drigas, 2022b; Bamicha & Drigas, 2023a; Bamicha & Drigas, 2023b).  

Maintaining a person's social connection with others is of fundamental importance since it affects their day-to-day 

lives, the accomplishment of their needs, and, in general, their survival. The use of non-invasive brain stimulation 

is a particularly beneficial approach to social plasticity's growth in individuals with developmental disorders such 

as autism (Boggio et al., 2015).  

The latest studies report growing interest in the potential of non-invasive brain stimulation in neurodevelopmental 

disorders. It is apparently due to the positive effect it provides on the regulation of the neuroplasticity of the brain 

and the promotion of the social-emotional and cognitive mechanisms of the individual (Pallanti et al., 2022). Non-

Invasive Brain Stimulation (NIBS) techniques are widely used in healthy adults both to enhance them socially-

emotionally, behaviorally, and cognitively, as well as to enrich the study of the functioning of brain mechanisms. 

In addition, they apply to cases of neuropsychic or psychiatric rehabilitation and control the brain's neuroplasticity. 

The specific methods are considered serviceable in the recovery and restoration of sensorimotor, executive 

functions, attention, and memory, along with dealing with deficits in social knowledge and behavior (Finisguerra 

et al., 2019).  

One of the methods of PBM is transcranial Photobiomodulation (tPBM), or Transcranial Low-Level Laser Therapy 
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(tLLLT), which involves a transcranial, non-invasive delivery of low-level light. During the progression of the 

process, photon absorption is realized in the mitochondria and ion channels in the cells, resulting in the activation 

of signaling processes and the increased expression of protective genes (Hennessy & Hamblin, 2017).  

It first involves the penetration of light into the skin and skull, and then the light is absorbed by the brain tissue 

through specific chromophores, such as water, oxyhemoglobin (HbO2), deoxyhemoglobin (Hb), myoglobin, 

melanin, cytochromes and flavins such as water, oxyhemoglobin (HbO2), deoxyhemoglobin (Hb), myoglobin, 

melanin, cytochromes, and flavin (Pallanti et al., 2022; de la Torre, 2017). The process consists of placing one or 

more light sources in one or more areas of the head, aiming to stimulate a specific part of the brain, depending on 

the disease or disorder being treated. The light can come from a laser or a light-emitting diode (LED) and can be 

pulsed or continuous (Hennessy & Hamblin, 2017). 

Research by Barrett and Gonzalez-Lima (2013) is the first study in healthy humans to show that transcranial red-

to-near-infrared (rNIR) laser stimulation improves emotional and cognitive functions (attention, memory, mood) 

of the brain related to the frontal cortex. LLLT might thus prove beneficial for enhancing neuropsychological 

issues when used as a treatment for cognitive and emotional brain disorders.  

Similar results have been shown in healthy young people and seniors, describing positive effects on their cognitive 

mechanism after PBM application. Specifically, cognitive skills activated in the frontal lobe were enhanced 

focusing on working memory, cognitive flexibility, sustained attention, inhibitory ability, executive function in 

general, and rule-based learning (Rojas, & Gonzalez-Lima, 2016; Lee et al., 2022; Cheung et al., 2023).  

A late study by Naeser et al. (2020) on men with chronic stroke reports the positive effects of photobiomodulation. 

In particular, the appliance of red to near-infrared light (λ = 600–1000 nm) to body tissues via transcranial 

application affects the functional connectivity of intrinsic neural networks, such as the default mode network. More 

generally, it improves the functional interaction of the default mode network with the executive mechanism 

networks, promoting balance between them and, by extension, cognitive development.  

The study's findings described above could be promising for autism as well. Essentially the research of Pallanti et 

al. (2022) indicates that there are shortcomings with the connectivity of neural networks, especially in the default 

mode network of individuals with autism, and the cognitive and social difficulties that result.  

According to the study by Ceranoglu et al. (2022), as reported at the Conference of The BRAIN Foundation 

(Pleasanton, CA, USA) Nanda & Frye 2023, transcranial photobiomodulation (tPBM) was used in 10 subjects 

with ASD aged 18 to 59 years. The application of the method had a duration of 8 weeks. It harnessed a specific 

wavelength of near-infrared light that penetrated brain tissue, stimulating mitochondria, and causing increased 

cellular metabolism and gene transcription. The results of the research were positive, as an improvement in social 

awareness-communication, social motivation, and restricted/repetitive behaviors was observed. Remarkably, side 

effects were mild and transient.  

Similar results were reported in the study by Pallanti et al. (2022), where 21 kids and teens with ASD (5 to 15 

years old) received transcranial photobiomodulation. Following the parents' completion of the required training, 

two stimulation devices—alpha and gamma—were employed and delivered at home. The alpha stimulator 

delivered 810 nm near-infrared light pulsing at 10 Hz via the transcranial LED clusters mounted on the helmet. 10 

Hz is associated with alpha brain waves produced by the brain during meditation and relaxation states. While the 

gamma excitation device had a light pulse frequency of 40 Hz and an output of 810 nm near-infrared light. The 

frequency of gamma stimulation simulates the gamma neural waves associated with increased cognitive activities. 

The treatment lasted six months and was administered five days a week. Children in each 20-minute session 

engaged in stimulating activities (such as drawing, coloring, reading, playing, or doing homework). The benefits 

of the rehabilitation technique were apparent in the improvement of sleep quality, responsiveness, and behavioral 

and cognitive stiffness, as well as the enhancement of attention and responsiveness.  

Additionally, 8-week clinical trials of PBM and specifically transcranial LED therapy in adults with ASD at 

Massachusetts General Hospital report on the safety, tolerability, and efficacy of the treatment. Also, a similar 

study was performed on children (2–6 years old) twice a week (15 minutes each) for eight weeks, highlighting a 

significant improvement in the Child Autism Rating Scale in the experimental group compared to the placebo 

group. Specifically, in children was used an 850nm LED headband pulsed at 40Hz (Hamblin, 2022). 

 

5.4 Usage of laser acupuncture in ASD  

One of the complementary and alternative medicine (CAM) treatments is acupuncture. Acupuncture-related therapies 

include the non-invasive stimulation of acupuncture points with moxibustion and manual pressure (tuina), lasers, 

TENS machines, and similar devices (Saunders & Berry, 2020).  

Acupuncture is closely associated with Traditional Chinese Medicine. In recent years it has been increasingly 
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incorporated into pediatric health care, having also been widely used for autism spectrum disorder (ASD). In addition 

to the traditional use of needle acupuncture, other acupuncture practices have developed. One of these methods is 

laser acupuncture, the stimulation of standard acupuncture points with low-intensity, non-thermal laser radiation 

(Yang, et al., 2015).  

The success of laser acupuncture is related to understanding the properties of the skin since it is a parameter that 

prevents the transmission of light. Skin thickness, age, pigmentation, and regional collagen fiber anisotropy alter 

significantly the effects of light in the tissue. However, it could work adjunctively in various therapeutic approaches 

(de Freitas & Hamblin, 2016a; Chon et al., 2019).  

According to research, oxidative stress plays a fundamental role in the pathophysiology of autism, and laser 

acupuncture at Shenmen (HT7) can improve oxidative status in many neurological disorders. The study by Khongrum 

and Wattanathorn (2015) assessed the effect of laser acupuncture at HT7 on behavioral disturbances and oxidative 

stress status in the cortex, striatum, and hippocampus in rats with evidence of autism. The study's findings indicate 

that improving oxidative state lowered symptoms resembling autism. Therefore, it could be a potential, non-invasive 

strategy to repair brain damage and reduce autism-like behaviors.  

In a subsequent study, Khongrum and Wattanathorn (2017) observed that laser acupuncture at the HT7 acupoint 

improves oxidative stress status and inflammation, the amelioration of which restricts Purkinje cell loss and reduction 

of GABAergic function in the cerebellum in mice with autism. Essentially, increasing Purkinje cells in the cerebellum 

through this method can improve behavior associated with autism. 

Laser acupuncture is a form of acupuncture that, compared to manual acupuncture cure simplifies application with 

precise "dose" measurements and is painless and non-invasive. It is safe for children and has been used for many 

years in medicine to treat some of the symptoms of ASD linked to speech and social interaction issues. An illustrative 

example is the clinical trial by Surapaty et al. (2020), which used verum laser acupuncture and a placebo, administered 

3 times per week for 18 treatment sessions, in 46 children aged 2-6 years. The results of the research showed 

improvements in both speech (comprehension, expression) and social interactions (increased eye contact, reduced 

stereotypic behaviors) of individuals on the autism spectrum, compared to the placebo control group.  

In their study, Knyazkova et al. (2020) investigated the recording of laser acupuncture through electroencephalogram, 

of the application of laser acupuncture in a child with ASD. Specifically, they chose three acupuncture points (GV20, 

LI4, P6) to relieve headaches and reduce anxiety, using a red semiconductor laser diode with a wavelength of 650 

nm. The study involved two brothers aged 8 and 10, the latter of whom had autism. According to the EEG, the results 

showed increased brain activity in the child with autism after using the laser, compared to the child of typical 

development, also observing a change in behavior and an anxiety reduction. 

 

6. Discussion 

Photobiomodulation has been shown, in animal model diseases and in humans, to affect neuronal function and 

improvement, inflammation levels, and microbiome composition. It is a safe, non-invasive method with little or 

no evidence of side effects or toxicity to the body's cells. Autism is characterized by an altered microbiome in the 

gastrointestinal tract, synaptic imbalance in the brain, functional connectivity dysfunction, and oxidative stress. In 

particular, LLLT appears to have a beneficial effect on several ASD dysfunctions and could be a promising method 

of treating the disorder (Hamilton et al., 2022).  

Moreover, PBM affects several biological and pathological processes, regulating cellular function, enhancing 

mitochondrial stimulation, and improving the gut microbiome (Liebert et al., 2023). Given that it does not involve 

invasive procedures or drug administration and that LEDs are accepted as safe by the US Food and Drug 

Administration (FDA), it is significant that it does not manifest any side effects (Hamblin, 2022).  

The LLLT method could be a significant tool in controlling cognitive deficits. Considering the appropriate 

wavelength, duration, dose, flow, and power density could deliver in each case (de la Torre, 2017). Additionally, 

photobiomodulation of the brain that has a photonic effect on cytochrome-c-oxidase (CCO) has been found to 

enhance cognitive procedure, due to increased cerebrovascular oxygenation of the prefrontal cortex (Holmes et 

al., 2019). It is made clear that the improvement of cerebral metabolic function, the stimulation of neurogenesis 

and synaptogenesis, the regulation of neurotransmitter function, but also the provision of neuroprotection through 

anti-inflammatory and antioxidant biological signaling constitute some primary, beneficial influences of brain 

PBM treatment (Salehpour et al., 2018; Hamblin, 2016). 

The cause of ASD is unclear, as there is great heterogeneity in its characteristics, highlighting the existence of 

complexity and diversity in its etiology (Wen & Yao, 2021). It is characterized by behavioral and cognitive 

processes that are attributed, to a large extent, to the atypical functioning of the brain. Nevertheless, in recent years, 

documented findings highlight co-occurring abnormalities in a significant proportion of the ASD population 
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related to mitochondrial dysfunction, oxidative stress, perturbations with the gut microbiome, immune system 

regulation, and atypical connectivity patterns. Consequently, autism may often encompass systemic physiological 

abnormalities (Siddiqui et al., 2016).  

Mitochondria are a considerable and potent treatment target for ASD, as several treatments (ketogenic diet, dietary 

supplements) targeting mitochondrial dysfunction are effective in the behavior of children with ASD (Frye, 

2020b).  

When experience has a significant bearing on the development of the brain, this is a vital phase. It is well-known 

that children with ASD benefit much from their early environments. Early loss of plasticity impairs the perceptual 

ability and processing of multiple and diverse stimuli through the senses in children with autism (Berger et al., 

2013). 

Neuroplasticity involves the ability of the neuron to reconstruct, modify and differentiate its structural and 

functional connectivity according to environmental stimuli. Children with ASD show in their first years of life 

(between 2-5 years) an atypical enlargement of the brain focused on the frontal and temporal cortex. In particular, 

according to neuroimaging, children with autism show accelerated synaptic growth and maturation during this 

time, suggesting a disruption of the brain's typical maturity and adaptability (Desarkar et al., 2015).  

Synapses allow communication and transmission of information between neurons, enabling the brain to respond 

differently to conditions and experiences, affecting memory and learning. Synaptic locations of newly formed 

neurons in the brain are essential for neural circuits and synaptic plasticity development. Therefore, any 

abnormality in synaptogenesis affects human health and is associated with a broader category of brain conditions 

that comprises schizophrenia, autism, and intellectual impairments (Duman et al., K.2016).  

The microbiome is an integral part of the functioning of the human body. According to recent studies, impairments 

in the peripheral and enteric neural systems are correlated with alterations in the intestinal microflora. As a 

consequence of the alterations is the dysregulation of gastrointestinal function, immunity, behavior, and the 

person's neurodevelopment, as occurs in the case of autism (Vuong & Hsiao, 2017).  

Since the positive effects of PBM administration were shown in different age groups, the path is open for new 

therapeutic approaches to ASD. Including the possibility of activating synaptogenesis and improving 

neuroplasticity provided by this method, it is worth noting that its combination with appropriate educational and 

socio-emotional interventions would be more efficient (Hamblin, 2022). Additionally, studies in children and 

adolescents with neurodevelopmental disorders report increased neural plasticity and regulatory capabilities 

following brain stimulation combined with appropriate cognitive training (Finisguerra et al., 2019).  

According to Liebert et al. (2019) PBM, applied as low-level laser therapy in animal models and humans, can have 

positive effects by changing the gut microbiome. Therefore, LLLT combined with appropriate dietary habits and 

exercise could implement as adjunctive therapy promoting microbiome rebalancing. In particular, PBM treatment 

could ameliorate mitochondrial dysfunction in gut neurons, enhancing the communication pathway between the 

enteric nervous system and the central nervous system through the gut-brain axis. As a result, the generation of 

dopamine and other neurotransmitters, whose function affects a variety of neurological illnesses plus autism, 

would continue to occur at normal levels.  

It is value emphasizing the important ICTs role in the diagnosis, intervention, and educational process of children 

with ASD, as it enriches the learning and school environment in a targeted manner, strengthening the 

communication, organization, social, cognitive, and metacognitive skills of children with autism (Syriopoulou-

Delli et al., 2021; Stathopoulou et al., 2020; Bamicha & Drigas, 2022b). Furthermore, we report that IoT 

incorporates multiple kinds of techniques and practices into educational approaches, helping to enhance the 

educational process in both special and general education. The most common strategies are metacognition, 

mindfulness, meditation, and emotional intelligence cultivation (Drigas et al., 2021a, b; Galitskaya & Drigas, 2021; 

Chaidi & Drigas, 2020; Drigas et al., 2022a, b; Lytra & Drigas, 2021; Karyotaki et al., 2022; Drigas & Papoutsi, 

2021; Mitsea et al., 2022; Drigas et al., 2017; Chaidi et al., 2021; Demertzi et al., 2018; Bravou & Drigas, 2019; 

Drigas et al., 2006, 2020; Drigas & Petrova; 2014).           

In conclusion, we underline that accurate diagnosis and timely intervention in children with ASD are crucial, 

considering that mainly during the preschool period, the nervous system's neurons are at their peak stage of synapse 

creation. Gradually, the procedure unfolds with the maturation of neurotransmitters during large-scale synaptic 

activity pruning and consolidation in adolescence (Xanthopoulou et al., 2019; Drigas & Bamicha, 2023; Berger et 

al., 2013).  

 

7. Conclusions 

In summary, the diversity and heterogeneity of autism's symptoms and underlying causes initially require 
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diagnostic accuracy through a differential and interdisciplinary treatment of all the parameters that define the 

overall picture of the child with autism. Afterward, the appropriate choice and combination of therapeutic 

interventions, especially the early ones, can be beneficial in reducing or even removal of the symptoms. In the 

present study, we focused on specific dysfunctions related to autism, gut dysbiosis, mitochondrial function, and 

atypical brain neural network connectivity. Domains that the literature review indicates and the currently limited 

studies of the application of LLLT in people with ASD appear to benefit from the targeted therapeutic intervention 

of Photobiomodulation, improving behavior and cognitive abilities.  

However, research and use of Low-Level Light Therapy in people with autism is at an early stage. In addition, 

there are a few cases where studies and data from LLLT trials in rodents with autistic symptoms cannot be extended 

and applied to humans. Therefore, it would be beneficial for future research to focus on longitudinal applications 

of the method in humans, including the specific neurobiological parameters we mentioned above. A key point is 

the method's non-invasiveness with zero or minimal and mild side effects which acts to reinforce and improve in 

dysfunctional areas of ASD. 
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