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Salivary MicroRNAs as Non-Invasive Epigenetic Biomarkers for Early Detection of Autism Spectrum Disorder: A Systematic Review 
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ABSTRACT 

	Background: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with a multifactorial etiology, with a male-to-female predominance of 4:1. Currently, clinical diagnosis is late, missing the window of therapeutic neuroplasticity for timely intervention. Salivary microRNAs (miRNAs) are stable epigenetic regulators that offer a non-invasive collection method. This study aimed to evaluate the evidence on the diagnostic accuracy of salivary miRNAs in ASD and polyomics integration.  
Methods: A systematic review was conducted under PRISMA 2020 guidelines using PubMed and Google Scholar between 2016 and 2025. Observational case-control studies in the pediatric population with a validated ASD diagnosis versus controls were selected. Quality and risk of bias were assessed using the Newcastle-Ottawa Scale (NOS). A total of 657 records were identified, and after screening and eligibility assessment, six studies were included in the qualitative synthesis.
Results: We included six studies with 1,149 participants, 73.2% male and 26.8% female. The predictive models showed high diagnostic performance, a panel of 5 miRNAs achieved an area under the ROC curve (AUC) of 0.952, with sensitivity of 90.32% and specificity of 90%, while the polyomic approach integrating human and microbial RNA reached an AUC value of 0.88 (95% CI:  0.86-0.88), with sensitivity of 82% and specificity of 88%. Individually, miR-451a exhibited significant downregulation in patients with ASD (FC = -3.58; P < 0.0001). Alterations in axon guidance, circadian rhythms, and synaptic signaling pathways were confirmed. A negative correlation (r = -0.30) was found between miR-141-3p and the genus Tannerella.
Conclusion: Salivary miRNAs demonstrated high diagnostic accuracy for early ASD screening, overcoming subjective behavioral tool limitations. Non-invasive collection facilitates timely detection within the neuroplasticity window. Furthermore, integrating host and microbial transcriptomic data supports a multifactorial ASD pathophysiology. These findings highlight the potential of standardized salivary miRNA panels for early diagnosis and improved patient prognosis.
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1. INTRODUCTION 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits in communication and social interaction, as well as repetitive and restricted patterns of behavior (Lord et al., 2020). ASD has a multifactorial etiology that encompasses genetic, epigenetic and environmental components, with a prevalence that has increased in recent decades, estimated at 1 in 36 children in the USA and 1 in 100 worldwide, likewise, ASD continues to be more prevalent in males than in females, with a ratio of 4:1 (Maenner et al., 2023; Zeidan et al., 2022). Despite this high prevalence, clinical diagnosis continues to be based on behavioral observation using tools such as ADOS-2 and ADI-R, which leads to diagnostic delays, averaging detection at 5 years, thus losing the therapeutic window of neuroplasticity for early intervention (Randall et al., 2018). For this reason, there is a need for objective biomarkers that allow early diagnosis, since early intervention before the age of 2 years can significantly improve the prognosis and neuronal maturation of the patient (Garrido-Torres et al., 2024; Loubersac et al., 2023).
In this context, miRNAs have emerged as promising biomarkers for the diagnosis of ASD. miRNAs are short non-coding RNAs of 21 to 25 nucleotides that regulate gene expression at the post-transcriptional level, the miRNA binds to a complex of proteins called RISC, once bound, the complex identifies specific sequence in the messenger RNA (mRNA), the miRNA pairs with the target mRNA and if the sequence matches, it causes repression or degradation of the mRNA,  preventing ribosomal translation for protein synthesis from taking place (Bartel, 2018). Similarly, these miRNAs are involved in neuronal development, neuronal migration, and synaptic plasticity (Vo et al., 2010). MicroRNAs are stable and circulate in different fractions in biological fluids, either encapsulated within extracellular vesicles, called exosomes, or associated with protein complexes such as Argonaute 2 (Ago2) or high-density lipoproteins (HDL), which allows their circulating detection in serum, plasma and non-invasive detection in saliva (Cortez et al., 2011).
Saliva has gained importance as a non-invasive, painless and easily obtained collection biofluid in the pediatric population, which facilitates mass screening for ASD and other neurodevelopmental abnormalities (Hicks et al., 2016). In addition to the study of Homo sapiens miRNAs (hsa-miRNAs), polyomics analysis combines the analysis of hsa-miRNA, microbial RNA, and other non-coding RNAs such as piRNA and snoRNA, which allows overcoming the limitations of individual biomarkers to achieve superior diagnostic accuracy by adding microbial RNA and salivary microbiome, which offers a perspective of biological networks that integrate genetic and environmental factors involved in ASD (Ragusa et al., 2020).
Salivary sample collection techniques are based on acquisition with absorbent swabs designed for the stabilization of nucleic acids, placed at the base of the tongue and between the gums and oral mucosa for 5 to 10 seconds, while avoiding contact with the teeth to minimize excessive bacterial contamination associated with caries or periodontal disease (Hicks et al., 2020).  These salivary samples are also collected by passive or unstimulated expectoration (Urbizu et al., 2023).

2. mETHODS

2.1 Study design
A systematic review of the scientific literature was carried out following the standards of methodological rigor established by the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Page et al., 2021; Yepes-Nuñez et al., 2021). The objective of this study was to evaluate and synthesize recent scientific evidence on the diagnostic accuracy and clinical utility of miRNA profiles isolated from saliva with non-invasive techniques, as well as their integration with microbiome data with a polyomic approach, for the early detection of ASD and to correlate with the phenotypic severity of ASD in the pediatric population. 
2.2 Search Strategy
The identification of studies was done by a systematic search of the PubMed and Google Scholar databases from 2016 to 2025. Medical Subject Headings (MeSH) terminology and Boolean operators were used to find the studies of the topic of interest, the combination of the following MeSH terms was used; ("Salivary miRNAs" OR "miRNA" AND "Autism spectrum disorder"). The search strategy was designed to capture studies that link salivary miRNA profiles and early detection of ASD. 

2.3 Study selection
We used Rayyan software and proceeded to read titles and abstracts to identify studies that met the eligibility criteria described in Table 1, then read the full text of the eligible articles and the included articles were finally chosen by consensus (Ouzzani et al., 2016). 

Table 1. Eligibility Criteria

	PICOST
	Inclusion criteria
	Exclusion Criteria

	
Population

	Pediatric patients aged 1 to 11 years with a diagnosis of ASD with validated instruments such as ADOS, ADI-R, or DSM-5
	Adult patients, patients without an ASD diagnosis, animals

	Intervention
	Saliva hsa-miRNAs* analysis 
	Analysis of other biological fluids

	Comparison
	Control group with typical development (TD) 
	Studies without analysis with a comparison group

	Outcome
	Salivary miRNA expression levels and biomarker validation
	In silico genetic studies without biological experimental validation

	Study design
	Observational analytical case-control studies.
	Narrative or systematic reviews, meta-analyses, case reports, case series, non-English language articles

	Time
	Studies published between 2016 and 2025
	Studies published before 2016


*miRNAs of Homo sapiens 

2.4 Study quality assessment and risk of bias
The methodological quality of the studies and risk of bias were assessed by two independent review authors in duplicate, using the Newcastle-Ottawa scale (NOS) for case-control studies (Gualdi-Russo & Zaccagni, 2025). This tool assesses the risk of bias through three dimensions; selection, comparability and determination of exposure, with a maximum of 9 stars awarded, defining as high quality with low risk of bias those studies with scores between 7 and 9, medium quality with moderate risk of bias between 4 and 6, and low quality with high risk of bias between 0 and 3 stars.
3. Results and DISCUSSION
The search in the databases identified 657 articles, after the elimination of duplicates and the exclusion of records using automation tools and eligibility criteria, 115 records were screened by title and abstract. Subsequently, 39 articles were read in full text and those that did not meet the previously established eligibility criteria were excluded. Finally, six analytical observational case-control studies were included for qualitative synthesis of evidence as shown in Fig. 1.
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Fig. 1. PRISMA flow diagram

The quality assessment of the included studies was carried out using the NOS scale , as can be seen in Table 2, this evaluation demonstrated that the evidence analyzed from the six studies included for this systematic review is robust, resulting in a low risk of bias for 4 studies with 9 and 8 stars respectively, and a moderate risk for 2 studies with 6 and 5 stars, the latter were included due to their high methodological rigor in genomic profiling. 

Table 2. Quality assessment of studies with the Newcastle-Ottawa scale

	Autor, year
	Study design 
	Selection
	Comparability
	Exposure
	Overall score
	Risk of bias

	Hicks et al., 2020

	Case-control study
	
	
	
	9 stars
	Low risk

	Ragusa et al., 2020
	Case-control study
	
	
	
	8 stars
	Low risk

	Hicks et al., 2018
	Case-control study
	
	
	
	9 stars
	Low risk

	Sehovic et al., 2020
	Case-control study
	
	
	
	6 stars
	Moderate risk

	Kalemaj et al., 2022
	Case-control study
	
	
	
	5 stars
	Moderate risk

	Hicks et al., 2016
	Case-control study
	
	
	
	9 stars
	Low risk


The Newcastle-Ottawa Scale (NOS) assesses studies based on their selection, comparability, and exposure

3.1 Characteristics of the included studies
6 articles were included with a case-control study design to evaluate the diagnostic performance of miRNAs as accurate biomarkers in ASD, as observed in Table 3, the total pooled sample was 1,149 participants, with an age range in years of 3.9 ± 1.4 to 9.2 ± 2.5, 73.2% of the children in the total sample were male and 26.8% were female,  this is because the higher prevalence of men in the samples of the studies is based on the sex-differentiated risk threshold model or the hypothesis of the female protective effect, since according to this pathophysiological basis, women have a greater biological tolerance to genetic mutations linked to asd, therefore,  the research analyzes more men because they manifest the behavioral phenotype more directly in the face of genetic risk levels that in women would remain subclinica (Werling & Geschwind, 2013).
The studies used validated diagnostic criteria to diagnose ASD patients in the case group, in addition, some studies compared ASD with typical development (TD) and developmental delay (DD). Sampling and miRNA analysis techniques were similar between studies and NGS, RT-qPCR and NanoString nCounter were used for miRNA profiling. 

Table 3. Demographic, clinical and methodological characteristics of the included studies, organized by author, country, study design, sample and other features
	Authors
	Country
	Study design
	Sample size
	Groups
	Mean age (years)
	Gender 
	Diagnostic criteria
	Detection platform
	Ref.

	Hicks et al.
	United States
	Multicenter, prospective, case-control study
	443 
	ASD (n = 224); DD (n = 86); TD (n = 133)
	ASD (n = 4.4 ± 1.2); DD (n = 4 ± 1.1); TD (n = 3.9 ± 1.4)
	75.4% male; 24.6% female
	DSM-5, ADOS-II, and VABS-II
	NGS (Illumina NextSeq 500)

	(Hicks et al., 2020)
	Hicks et al.
	United States
	Observational analytical case-controls study
	456 
	ASD (n = 238); TD (n = 218)
	ASD (n = 4.4 ± 1.2 years); TD (n = 4 ± 1.3)
	77% male; 23% female

	DSM-5, ADOS-II, and VABS-II
	NGS (Illumina NextSeq 500)
	(Hicks, Rajan, et al., 2018)
	Sehovic et al.
	Bosnia and Herzegovina
	Observational analytical case-control study
	80 
	ASD (n = 39); DD (n = 16); TD (n = 25)
	ASD (n = 5. ± 1.3); DD (n = 5 ± 0.9); TD (n = 5.8 ± 1.1)
	62.5% male; 37.5% female
	EDUS-DBS, and CARS-II
	RT-qPCR (TaqMan MicroRNA assay)
	(Sehovic et al., 2020)
	Kalemaj et al.
	Italy
	Pilot, observational, case-control Study
	10
	ASD (n = 5); TD (n = 5)
	ASD (n = 5.6); TD (n = 5.4)
	70% male; 30% female
	DSM-5, ADOS-II, and WPPSI-IV
	NGS (Illumina NovaSeq 6000)
	(Kalemaj et al., 2022)
	Ragusa et al.
	Italy
	Observational analytical case-control study
	115
	ASD (n = 76); TD (n = 39)
	ASD (n = 6.9 ± 1.5 years); TD (n = 6.9 ± 1.8)
	76.5% male; 23.5% female
	DSM-5, WISC-III/WPSSI, ADOS, and ADI-R
	NanoString nCounter and RT-qPCR 
	(Ragusa et al., 2020)
	Hicks et al.
	United States
	Observational analytical case-control study
	45
	ASD (n = 24); TD (n = 21)
	ASD (n = 9.1 ± 2.4 years); TD (n = 9.2 ± 2.5) 
	77.8% male; 22.2% female
	DSM-5, ADOS, and CARS
	RNA-seq (Illumina MiSeq)
	(Hicks et al., 2016)

ASD: Autism Spectrum Disorder, TD: Typical Development, DD: Developmental Delay, DSM-5: Diagnostic and Statistical Manual of Mental Disorders 5, ADOS-II: Autism Diagnostic Observation Schedule, VABS-II: Vineland Adaptive Behavior Scales, EDUS-DBS: Electronic Developmental Universal Screening-Developmental Behavioral Screening, CARS-II: Childhood Autism Rating Scale, WPPSI-IV: Wechsler Preschool and Primary Scale of Intelligence, WISC-III: Wechsler Intelligence Scale for Children, ADI-R: Autism Diagnostic Interview-Revised, NGS: Next-Generation Sequencing, RT-qPCR: Reverse Transcription Quantitative Polymerase Chain Reaction
	
3.2 MicroRNA extraction and analysis
Since miRNA expression and glymphatic system activity show diurnal variations, some studies standardized salivary sample collection between 8:30 and 10:30 a.m. (Hicks, Khurana, et al., 2018). They then centrifuge the saliva at 10,000 rpm to separate the supernatant, with a high percentage of free and exosomal miRNAs, from the pellet, which mostly had bacteria and cells, analyzing both components separately (Gallo et al., 2012). Other studies analyzed salivary samples in a complete way, to obtain a comprehensive polyomics view between the host and its oral microbiome (Hicks, Rajan, et al., 2018; Ragusa et al., 2020).

For miRNA analysis, the studies used three methodological approaches for quantification and profiling: 
1. Next-generation sequencing (NGS) that allows the massive and parallel sequencing of millions of RNA fragments, after RNA extraction, cDNA libraries were built, for this, instruments such as illumina MiSeq, NextSeq500 and NovaSeq 6000 were used (Kaczor-Urbanowicz & Wong, 2023; Li et al., 2018). Depths of 3 to 10 million reads per sample were targeted to ensure detection of low-abundance miRNAs and the reads were aligned with the human genome with hg19 or hg38 versions and in databases such as miRBase. In addition, algorithms such as k-SLAM were used to simultaneously map microbial transcripts, integrating microbiome and host data (Hicks, Rajan, et al., 2018). This technique made it possible to detect not only known human miRNAs, but also microbial RNAs, piRNAs (RNAs that interact with PIWI) and snoRNAs, offering a complete systemic view (Hicks, Rajan, et al., 2018). 
2. The reverse transcriptase polymerase chain reaction (qRT-PCR) technique was also used in the literature, this is a method with high sensitivity and specificity, which exponentially amplifies specific cDNA sequences derived from miRNAs (Van Der Hofstadt et al., 2024). For reverse transcription, specific stem-loop primers were used to convert mature miRNAs into cDNA (Van Der Hofstadt et al., 2024). Some studies performed a preamplification step due to the low amount of RNA in saliva, using a pool of custom primers prior to real-time PCR. TaqMan MicroRNA Assays were used for detection, which used fluorescence (FAM) to quantify product accumulation in real time (Van Der Hofstadt et al., 2024).
3. NanoString nCounter technology, which is a direct hybridization technology that counts individual RNA molecules without the need for reverse transcription or amplification, which reduces enzymatic bias, for this, capture probes and reporter probes are hybridized with fluorescent barcodes specific to each miRNA and a digital scanner counts the individual barcodes, providing direct expression quantization (Kulkarni, 2011).

3.3 Data synthesis 
Analyzing the included studies, a multicenter case-control study was associated with salivary miRNAs being altered in children with ASD and related to levels of disorder-specific behaviors. The main finding was the profiling of 4 miRNAs (miR-28-3p, miR-151a-3p, miR-148a-5p, and miR-125b-2-3p), all of which were underregulated in the ASD group unlike the control group. The panel demonstrated an area under the curve (AUC) ROC of 0.725 (95% CI: 0.650-0.785) in the training set. This panel showed an AUC value of 0.694 with a sensitivity of 89.2% and a specificity of 32% in the naïve test set (n = 62), identifying 33 of 37 children with ASD and 8 of 25 peers without ASD. In addition, 8 miRNAs were found to be associated with affected social affect (r > 0.25; FDR < 0.05) and 10 with restrictive and repetitive behaviors (Hicks et al., 2020).
On the other hand, a study was conducted in the population of Bosnia and Herzegovina that evaluated the feasibility of using RT-qPCR as a more economical method to identify miRNAs as biomarkers in children with suspected ASD and DD. The sample was drawn from a low- to middle-income population, and RT-qPCR was the method of choice because it was more cost-effective and widely accessible in this setting. Therefore, a robust model was developed that included the panel of the 5 miRNAs (miR-7-5p, miR-23a-3p, miR-27a-3p, miR-140-3p, and miR-2467-5p) with a value of 40.237 of the -2Log model (Likelihood) (P < 0.0001) and the AUC value was 0.952 with a sensitivity of 90.32% and a specificity of 90%, in addition, the validation set demonstrated 90% accuracy (Sehovic et al., 2020). These results highlight the potential of using miRNAs as accessible biomarkers in resource-limited clinical settings. 
A polyomics and high-precision diagnostic approach to biomarkers was found in a study that integrated 32 RNA features, human and microbial RNA levels to improve diagnostic accuracy. In the training set (n = 372; mean age 4.25 years; 75% males; 51% ASD) 11 miRNAs (miR-92a-3p, miR-146b, miR-146b-5p, miR-378a-3p, miR-125a-5p, miR-106a-5p, miR-146a, miR-10a, miR-410, miR-3916, and miR-361-5p) were included and ASD was identified with an AUC value of 0.87 (95% CI: 0.86-0.88). In the validation set (n = 84; mean age 4.17 years; 85% males; 60% ASD), accuracy was improved with an AUC value of 0.88 with a sensitivity of 82% and a specificity of 88% (Hicks, Rajan, et al., 2018). These findings demonstrate robust and reproducible diagnostic performance, particularly because the RNA features were involved in pathophysiological processes related to ASD, such as axon guidance and neurotrophic signaling (Hicks, Rajan, et al., 2018).
High-throughput analysis using NanoString technology, followed by RT-qPCR validation in an independent cohort (n = 53 ASD; n = 27 TD), identified a molecular signature composed of five miRNAs with statistically significant differential expression in children with ASD (Ragusa et al., 2020). An upregulation of miR-29a-3p was observed, with a FC of 1.43 (P = 0.0123; Cliff's δ = 0.341), miR-141-3p showed an FC of 2.93 (P = 0.0431; Cliff's δ = 0.277). Likewise, a downregulation was detected in miR-451a that exhibited the greatest reduction with a FC = -3.58 (P < 0.0001; Cliff's δ = -0.520), Let-7b-5p with an FC of -1.99 (P = 0.0002; Cliff's δ = -0.499) and miR-16-5p with a FC of -1.68 (P = 0.0002; Cliff's δ = -0.502) respectively (Ragusa et al., 2020).
In the characterization of the salivary microbiome, an analysis was made based on the sequencing of the 16S rRNA gene, this gene did not reveal significant differences in the indices of alpha diversity (Chao1, Shannon y Shannon Evenness E; P > 0.05) nor a clear differentiation in beta diversity by principal coordinate analysis (PCoA) based on weighted UniFrac distances. However, specific taxonomic variations in relative abundance were identified (Ragusa et al., 2020). In patients with ASD, a significant increase in the abundance of the genera Rothia, Filifactor, Actinobacillus, Weeksellaceae, Ralstonia, Pasteurellaceae and Aggregatibacter was recorded. At the species level, the effects measured by Cliff's δ highlighted in Filifactor spp. (0.261), Ralstonia spp. (0.217) and Haemophilus parainfluenzae (0.220) (Ragusa et al., 2020). In contrast, the genera Tannerella, Moryella and the TM7-3 phylotype showed a decrease in their abundance in the ASD group. The most notable reductions at the species level corresponded to unclassified TM7-3 (Cliff's δ = -0.455), Tannerella spp. (-0.412) and Moryella spp. (-0.400) respectively (Ragusa et al., 2020). 
The study conducted in 2016 by Hicks et al., found a total of 246 miRNAs detected in half of the samples analyzed by RNA-Seq, a panel of 14 miRNAs with significant differential expression was identified between children with ASD and controls (P < 0.05; FDR < 0.15). Within this group, 10 miRNAs showed upregulation and 4 showed downregulation in subjects with ASD (Hicks et al., 2016). The most prominent biomarker was miR-628-5p, which exhibited the largest mean difference in abundance (Z-score difference = 1.13) and the highest statistical significance (P = 0.0001, Wald statistic = 11.21) (Hicks et al., 2016).
A multivariate logistic regression analysis was used to evaluate the diagnostic utility of the 14 miRNA panel. In the best initial fit model, the set of biomarkers managed to differentiate the groups with a sensitivity of 100% and a specificity of 95.6%, with an AUC value of 0.974. To validate the robustness of these findings and mitigate overfitting, a Monte Carlo cross-validation (MCCV) was performed, this analysis confirmed the high predictive capacity of the panel, obtaining an AUC value of 0.92, with a sensitivity of 81% and a specificity of 87.5% (Hicks et al., 2016). 


Table 4. Comparative analysis of miRNA differential expression and statistical parameters of ASD prediction models
	Authors
	Panel or individual miRNA
	miRNA
	Differential expression
	Significance value
	Magnitude effect
	Ref.

	Hicks et al.
	Panel of 4 miARNs
	miR-28-3p, miR-151a-3p, miR-148a-5p, and miR-125b-2-3p
	Downregulation
	FDR < 0.05
	AUC 0.725 (95% CI 0.650-0.785)
	(Hicks et al., 2020)
	Hicks et al.
	Polyomic panel of 32 RNA features (11 miRNAs included)
	miR-92a-3p, miR-146b, miR-146b-5p, miR-378a-3p, miR-125a-5p, miR-106a-5p, miR-146a, miR-10a, miR-410, miR-3916, and miR-361-5p
	Mixed
	95% CI: 0.86-0.88
	AUC 0.88 (82% Sens; 88% Spec)
	(Hicks, Rajan, et al., 2018)
	Sehovic et al.
	Panel of 5 miRNAs
	miR-7-5p, miR-23a-3p, miR-27a-3p, miR-140-3p, and miR-2467-5p
	Mixed
	-2Log Likelihood = 40.237; P < 0.0001
	AUC 0.952 (90.32% Sens; 90% Spec)
	(Sehovic et al., 2020)
	Kalemaj et al.
	Single miRNA
	miR-1246
	Upregulation
	P adjusted = 0.0000287
	log2 FC = 4,793
	(Kalemaj et al., 2022)
	Ragusa et al.
	Single miRNA
	miR-451a
	Downregulation
	P < 0.0001
	FC = -3.58
	(Ragusa et al., 2020)
	Hicks et al.
	Panel of 14 miRNAs
	miR-23a-3p, miR-27a-3p, miR-30e-5p, miR-32-5p, miR-140-3p, miR-2467-5p, miR-218-5p, miR-28-5p, miR-335-3p, miR-628-5p, miR-7-5p, miR-191-5p, miR-127-3p, and miR-3529-3p
	Mixed
	P < 0.05 (FDR-adjusted < 0.15)
	AUC 0.92 (81%
Sens; 87.5% Spec)
	(Hicks et al., 2016)

 FDR: False Discovery Rate, CI: Confidence Interval, AUC: Area Under the Curve, FC: Fold Change, Sens: Sensitivity, Spec: Specificity

3.4 Axon Guide 
Axon guidance is the process by which neuronal axons extend and navigate to their correct synaptic targets, regulated by molecular signals that are silenced or degraded by specific miRNAs. Axon guidance was consistently identified as one of the central pathophysiological pathways affected by epigenetic dysregulation in ASD. In the polyomics analysis by Hicks et al. (2018), the axonal guide was one of the most significantly enriched by the targets of predictor miRNAs (FDR < 0.001), involving the interaction of 8 miRNAs with 26 specific genes. While Kalemaj et al. (2022) corroborated this finding by bioinformatic analysis (DIANA-mirPath), reporting that axonal guidance is massively modulated by the profile of 20 upregulated salivary miRNAs (P = 0.00000376) and 16 downregulated miRNAs in patients with ASD (P = 0.00745) respectively (Hicks, Rajan, et al., 2018; Kalemaj et al., 2022). 
The cross-talk mechanism details how the alteration of miRNAs interrupts the axonal guide, the SLIT-ROBO complex was found since it was identified that the miR-148a-5p that was upregulated in ASD has the SLIT3 gene as a target, in turn, the SLIT3 protein acts as a ligand for axonal growth, SLIT3 interacts with its receptor,  ROBO1, the ROBO1 gene is in turn targeted by another altered miRNA, miR-944. Therefore, the overlapping and correlated expression of miR-148a-5p and miR-944 suggests a coordinated failure in SLIT/ROBO signaling, which would result in aberrant neural connectivity (Hicks et al., 2020).
There are candidate genes specific to the altered pathway, studies link axon guidance with ASD risk genes that are post-transcriptionally regulated by salivary miRNAs, miR-106a-5p was associated with repetitive behaviors and regulates 20 mRNAs involved in axonal guidance, including critical genes such as SEMA5A, NTNG1, SRGAP3 and MAPK1 (Hicks et al., 2020). Additionally, an enrichment of more than 2 times in the axonal projection subnode was identified through genetic ontology analysis, involving 31 genes, among them FOXP2 that is linked to language, synaptic plasticity and FMR1 that was associated with developmental delay and fragile X syndrome, these genes are essential for the correct axonal architecture (Hicks et al., 2016).
3.5 Synaptic signaling pathways  
We analyzed the perturbation of pathways that regulate synaptic protein synthesis and plasticity itself, Ragusa et al. (2020) identified a significant enrichment in the PI3K-Akt-mTOR signaling pathway (FDR corrected P = 0.00000012; P = 0.024), while Kalemaj et al. (2022) found enrichment in the PI3K-Akt pathway (P = 0.0019). Dysregulation of this signaling axis has been associated with alterations in myelination, synaptic plasticity, and impaired immune functions in such patients (Kalemaj et al., 2022; Ragusa et al., 2020).
Kalemaj et al. (2022) reported that 20 upregulated and 16 downregulated miRNAs impact GABAergic synapses (P = 0.027; P = 0.024), which reinforces the theory of excitatory/inhibitory imbalance in ASD. Accordingly, Hicks et al. (2018) identified miR-92a-3p as a key regulator of the GABA transporter SLC6A1, suggesting an epigenetic mechanism that alters inhibitory homeostasis in ASD (Hicks, Rajan, et al., 2018; Kalemaj et al., 2022).

3.6 Circadian rhythms and polyomics approach 
An emerging pathophysiological dimension links miRNA expression with the disruption of the sleep-wake cycle and energy metabolism since Hicks et al. (2020) found that the target genes of ASD-associated miRNAs were enriched in the circadian entrainment pathway (FDR = 0.029). In addition, a strong correlation was observed between the time of saliva collection and miR-210-3p levels (r = -0.35; FDR = 0.0000000042). Ragusa et al. (2020) reported a significant positive correlation between miR-141-3p expression and lactate levels (r = 0.38), suggesting a connection to mitochondrial dysfunctions (Hicks et al., 2020; Ragusa et al., 2020).
In this sense, there is a bidirectional interaction between the immune system and neurodevelopment reflected in the salivary transcriptome, Ragusa et al. (2020) identified enrichment in NOTCH signaling (FDR corrected P = 0.0221), fundamental for neuronal differentiation and neuroinflammation. Hicks et al. (2018) observed interactions in the NF-kappa B signaling pathway (FDR < 0.001) and Toll-like receptors, linking host response to microbiota dysbiosis (Hicks, Rajan, et al., 2018; Ragusa et al., 2020).
In addition, Ragusa et al. (2020) reported a significant negative correlation (r = -0.30) between miR-141-3p expression and the abundance of the bacterial genus Tannerella. Both elements showed an upward alteration in patients with ASD, since miR-141-3p was upregulated and Tannerella presented a higher abundance compared to the control group, suggesting a complex interaction between the oral microbiome and the epigenetic regulation of the host (Ragusa et al., 2020).

5. Conclusion
Salivary miRNAs expression profiles have demonstrated high diagnostic yield, effectively overcoming the inherent limitations of current subjective behavioral tools. These epigenetic regulators are consolidating as robust, highly accurate biomarkers for early ASD screening. Their clinical utility is rooted in the non-invasive, painless, and simplified collection process of saliva in pediatric populations, which facilitates mass screening and enables identification before the critical window of therapeutic neuroplasticity is lost. Scientific evidence indicates that these miRNAs are not only stable in biological fluids, but their differential expression reflects alterations in pathophysiological pathways essential for understanding this neurodevelopmental disease.
Furthermore, the integration of human and microbial transcriptome data offers a systemic view of the pathology, the significant correlation between host miRNA expression and oral microbiome dysbiosis supports the multifactorial nature of ASD and the complex interaction between genetic and environmental factors. The availability of techniques such as RT-qPCR further allows for the implementation of these tests in resource-limited settings.
Despite this high diagnostic accuracy, the clinical development of these salivary signatures is currently situated in phase 2 of clinical validation. While the findings demonstrate a discriminatory performance superior to conventional screening tools, a transition toward phase 3 retrospective longitudinal validation and phase 4 prospective screening research is mandatory. To consolidate these miRNAs as definitive point-of-care diagnostic tools and secure premarket approval by moving beyond their current status as laboratory developed tests, large-scale prospective longitudinal cohorts are required to validate their predictive value in asymptomatic infants. Ultimately, standardized panels of salivary miRNAs should be implemented under professional guidance to integrate molecular analysis with the patient’s phenotypic characteristics, ensuring a measurable net benefit in long-term prognosis through timely intervention.
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