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Abstract
Autism spectrum disorder (ASD) is a neurodevelopmental disorder with complex clinical manifestations that arise 
between 18 and 36 months of age. Social interaction deficiencies, a restricted range of interests, and repetitive stereo-
typed behaviors are characteristics which are sometimes difficult to detect early. Several studies show that microRNAs 
(miRs/miRNAs) are strongly implicated in the development of the disorder and affect the expression of genes related to 
different neurological pathways involved in ASD. The present systematic review and meta-analysis addresses the current 
status of miRNA studies in different body fluids and the most frequently dysregulated miRNAs in patients with ASD. 
We used a combined approach to summarize miRNA fold changes in different studies using the mean values. In addi-
tion, we summarized p values for differential miRNA expression using the Fisher method. Our literature search yielded 
a total of 133 relevant articles, 27 of which were selected for qualitative analysis based on the inclusion and exclusion 
criteria, and 16 studies evaluating miRNAs whose data were completely reported were ultimately included in the meta-
analysis. The most frequently dysregulated miRNAs across the analyzed studies were miR-451a, miR-144-3p, miR-23b, 
miR-106b, miR150-5p, miR320a, miR92a-2-5p, and miR486-3p. Among the most dysregulated miRNAs in individuals 
with ASD, miR-451a is the most relevant to clinical practice and is associated with impaired social interaction. Other 
miRNAs, including miR19a-3p, miR-494, miR-142-3p, miR-3687, and miR-27a-3p, are differentially expressed in vari-
ous tissues and body fluids of patients with ASD. Therefore, all these miRNAs can be considered candidates for ASD 
biomarkers. Saliva may be the optimal biological fluid for miRNA measurements, because it is easy to collect from 
children compared to other biological fluids.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder with a prevalence of approximately 1.5% in devel-
oped countries [1]. The aetiology of ASD has not been fully 
elucidated, since the disorder exhibits wide genetic variabil-
ity that triggers both behavioral and phenotypic alterations 
at the level of brain structures. The clinical manifestations 
are complex and emerge between 18 and 36 months of age. 
Social interaction deficiencies, a restricted range of interests, 
and repetitive stereotyped behaviors are the main character-
istics of ASD, which are sometimes difficult to detect early 
[2]. Currently, the diagnosis is based on interviews with par-
ents or caregivers using tools such as the Modified Checklist 
for Autism in Young Children, Revised (M-CHAT-R) [3], 
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the Autism Diagnostic Observation Schedule (ADOS) [4], 
and the Autism Diagnostic Interview-Revised (ADI-R) [5]. 
Although the diagnostic reliability of these interviews is 
high, these tools require an evaluator with experience and 
specific training.

Implementation of an intervention before the age of two 
can improve the prognosis. Early intervention can also lead 
to better neuronal maturation [6]. Therefore, a biomarker for 
early detection would be a good diagnostic supplement [7, 
8]. Several biomarkers have been proposed for ASD detec-
tion, including functional connectivity observed on magnetic 
resonance imaging and calculated using machine learning 
algorithms [9], the genetic load [10], the increased CSF 
volume [11], transcriptomic signatures in blood, and levels 
of altered cytokines; however, more studies are required to 
corroborate whether these items can serve as ideal biomark-
ers [12].

The non-coding RNAs (ncRNAs) are recently emerg-
ing as novel promising biomarkers in medicine with great 
prognostic and predictive potential [13]. MiRNAs, the most 
well-studied ncRNA, are short non-coding RNAs of approxi-
mately 18–24 nucleotides that are responsible for regulat-
ing gene expression through epigenetic mechanisms [14] in 
approximately 60% of human genes [15]. As will be focused 
on this review, for ASD diagnoses, microRNAs (miRs/miR-
NAs) are types of ncRNAs which have become an important 
research focus last years [15–17].

MiRNAs, the most well-studied ncRNA, are short non-
coding RNAs of approximately 18–24 nucleotides that are 
responsible for regulating gene expression through epige-
netic mechanisms [14] in approximately 60% of human 
genes [15]. In addition, miRNAs are heavily involved in 
neuronal plasticity and neuronal development [18], and their 
deregulation generates diverse neurological alterations, such 
as ASD. To be an accessible biomarker, miRNA should be 
able to be isolated using non-invasive protocols, easy to 
quantify, specific to the disorder, able to be translated from 
systems to human models [19] and reliable as an early indi-
cator of disease onset [20]. Various investigations of miR-
NAs as biomarkers for ASD have focused on biogenesis and 
measurement in different biofluids or tissues for detection 
[21], such as lymphoblastoid cells [22, 23], postmortem cer-
ebral cortex tissues [2], serum or blood plasma [24], olfac-
tory mucosa cells [18], and saliva [16].

Based on this knowledge, we conducted a systematic 
review to (1) identify which miRNAs can be used as bio-
markers to support current diagnostic methods, (2) deter-
mine which body fluid may be ideal for miRNA measure-
ment in children, and (3) clarify relationships between 
miRNAs and the genetic burden of ASD.

Methodology

The systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement [25]. It also followed a 
protocol registered in PROSPERO CRD42021225956.

Search strategy

We searched the PubMed, Scopus, and Web of Science 
databases from 2010 until March 2021 utilizing Medical 
Subject Headings (MeSH) related to (autism spectrum dis-
order) AND (microRNA). We also cross-referenced relevant 
studies and previous reviews and contacted study authors 
and experts for data clarification.

Eligibility

To achieve a concise and precise review of the role of miR-
NAs in ASD, some criteria were selected to systematize 
the search in the different databases and thus include only 
articles related to the subject. Inclusion criteria: (i) Studies 
on ASD patients; (ii) Studies in which ASD was diagnosed 
according to either the ADOS, ADI-R or any validated 
instrument; (iii) Studies measuring miRNAs in any periph-
eral tissue from patients with ASD; (iv) Studies measur-
ing miRNAs in CNS from patients with ASD (iv) Studies 
with a control group. Exclusion criteria: (i) ASD studies 
focusing on biomarkers other than miRNAs; (ii) Clinical 
cases reports; (iii) Studies conducted 11 or more years ago; 
(iv) Studies conducted in languages other than English; (v) 
Review articles; and (vi) Studies conducted on animals.

Study selection

Three independent reviewers (KGT, NGT, and GPB) 
screened titles and abstracts to identify studies meeting the 
inclusion criteria outlined above using Rayyan [26] soft-
ware. The same reviewers then reviewed the full texts of 
eligible articles, and the final list of included articles was 
established through consensus. The Kappa index was 0.931. 
Disagreements regarding the eligibility of studies were 
resolved through discussions with two additional reviewers 
(SGC and CCB).

Meta‑analytic approach

We implemented a meta-analytic approach to combine the 
differential gene expression results of the included studies. 
After study selection, the reviewers used a predefined 
spreadsheet to extract all relevant data from the included 
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studies. The extracted data included general publication 
information and detailed information about the miRNAs 
analyzed in each study and their association with severity and 
clinical manifestations (impaired social behavior, repetitive 
behaviors, intelligence, memory and learning, and language 
impairment). We extracted fold change (fc) data or log2-fc 
values and their p values and confidence intervals when 
reported by the authors. We identified miRNAs that were 
assessed and reported in two or more studies to combine 
their log2-fc values. We used the R package MetaVolcanoR, 
which implements three strategies to combine and summarize 
differential gene expression data from different studies: a 
random-effects model approach, a combined p value approach, 
and a vote-counting approach [27].

Quality assessment

The QUADAS-2 tool was developed to assess the quality of 
studies on diagnostic tests included in systematic reviews 
[28]. QUADAS-2 analyzes four domains: (1) patient 
selection, (2) index tests, (3) reference tests, and (4) flow 
and times. Each domain is evaluated in terms of its risk of 
bias, and the first three domains are also evaluated for their 
applicability. For more details, please see the supplementary 
documents.

Results

The literature search yielded a total of 133 articles. Then, 
27 articles were selected for qualitative analysis based on 
the inclusion and exclusion criteria. Out of the 27, 16 stud-
ies were ultimately included in the meta-analysis and 218 
miRNAs were identified (Fig. 1).

In all studies (Tables 1, 2), miRNA measurements were 
performed in ASD patients and compared with miRNA 
measurements in a control group. The ages of the patients 
and controls ranged between 2 and 81 years. miRNA was 
measured in lymphoblastoid cell lines in three studies [14, 
22, 29], five studies measured miRNA in postmortem cerebral 
cortex tissues [2, 15, 30–32], one study used cells from the 
olfactory mucosa [18], thirteen studies used serum [7, 19, 24, 
33–42], and five studies used saliva [8, 16, 43–45]. A recent 
narrative review [46] found that the miR-151a, miR-146a, 
and miR-27a-30 are dysregulated in people with ASD and 
are replicated in more than one tissue. 

Although 218 miRNAs were identified across the 16 
studies included in the meta-analysis, only one (miR-451) 
was associated with a clinical manifestation of ASD in 
more than one study. Two studies [31, 45] reported that 
miR-451 is associated with impaired social interaction, 
one study [43] reported that miR-106 family is associated 
with repetitive behaviors, one study [41] reported that 

miR-486-3p is associated with intelligence, one study 
[33] reported that miR-140-3p is associated with memory 
and learning, and no studies reported that any miRNA 
was associated with language impairment.

Regarding diagnoses, all studies used certain validated 
instruments to diagnose autism, including the ADOS, 
ADI-R-R, DSM, M-CHAT, and CARS. Two studies con-
cluded that miRNAs are associated with severity. The 
expression of miR-6126 was significantly negative cor-
related with severity of the Social Response Scale (SRS) 
in adults with high functioning ASD [37] and miR-106a 
showed a positive correlation with autism severity evalu-
ated by Childhood Autism Rating Scale (CARS) [42] in 
children aged under 14.

For our meta-analytic approach, we included 16 studies 
and eight miRNAs (451-a, 144-3p, 23b, 106b, 150-5p, 
320a, 92a-2-5p, and 486-3p) whose data were reported 
in more than one study. Since no studies reported the 
confidence interval for fc, we were unable to conduct all 
planned analyses. We used a combined approach to sum-
marize the fold changes of the miRNAs in different stud-
ies according to the mean values. In addition, we sum-
marized the p values for differential miRNA expression 
using the Fisher method. The combined results for the 
eight miRNAs are shown in Table 3 and Fig. 2a, b shows 
the 16 studies included in the meta-analysis and the fold 
change of the expression in every miRNA. Each circle 
represents a miRNA. 218 miRNAs were identified across 
16 studies but only 8 miRNAs were repeated in more than 
one study. Figure 3 summarizes all the target genes of 
the analyzed miRNAs and shows the miRNAs related to 
different clinical manifestations of ASD. Finally, Table 4 
shows target genes of the analyzed miRNAs; and Fig. S1. 
Quality assessment of individual studies is done using 
QUADAS tool.

Discussion

This review summarizes findings across 27 trials conducted 
in humans. To our knowledge, this is the first systematic 
review and meta-analysis of dysregulated miRNAs in ASD, 
their associations with ASD clinical manifestations, and 
miRNA measurement in biofluids from individuals with 
ASD. (i) The most frequently dysregulated miRNAs in 
patients with ASD were miR-451a, miR-144-3p, miR-23b, 
miR-106b, 150-5p, 320a, 92a-2-5p, and 486-3p, (ii) miR-
451 is one of the most frequently dysregulated miRNAs and 
is the only associated with impaired social interaction in 
more than one study. (iii) miR-451 has also been isolated in 
saliva and may be the most promising biofluid for miRNA 
measurement. (iv) miRNA 106 family is also one of the most 
frequently dysregulated miRNAs and is associated with 
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repetitive behaviors in one of the studies. (v) miRNAs are 
associated with genes related to ASD.

Although behavioral signs of ASD are present in 
many cases by the age of 18 months, ASD is not typically 
diagnosed before 3 to 4 years of age. To date, the only means 
to diagnose ASD is by observing children’s development 
through neurodevelopmental evaluations. No biological 
marker allows detection of the disease from birth; therefore, 
one of the current challenges for researchers is to determine 
whether miRNAs can truly be used as biomarkers to 
facilitate ASD diagnosis. We found that although research 
on miRNAs for the diagnosis of ASD started 12  years 
ago, at present, no pattern of miRNAs specific to ASD 
clinical levels of severity has been identified, and specific 
sets of miRNA do not reveal a pattern, rather than big data 

emergent assessment across all miRNA. Only one paper 
[43] 2020 suggests that there is a specific pattern. MiRNA 
measurement in different body fluids, such as blood or 
saliva, may be useful for comparing the levels of a specific 
miRNA to control levels, which can be applied to the search 
for a biological marker of ASD.

On the other hand, although transcriptomic or genetic 
analysis can be performed from birth, ASD is a disease 
with a heterogeneous genetic component, and no specific 
gene is universally affected in the entire population with 
ASD; therefore, performing a genetic or transcriptomic 
analysis is not feasible. However, as miRNAs are epigenetic 
modulators, the study of epigenetics can help identify one 
or more specific miRNAs that can be used as biomarkers.

Fig. 1   PRISMA diagram
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An advantage of circulating miRNAs is that they are 
highly stable in the presence of RNases, resist pH changes, 
remain viable after prolonged storage, and resist freeze–thaw 
cycles [21]. Notably, miRNAs expressed in brain tissues are 
functionally or physiologically related to the physiopathol-
ogy of ASD. Additionally, miRNAs in blood or saliva can 
reflect brain miRNA levels [36] and may be specific bio-
markers for the diagnosis of ASD.

Frequently dysregulated miRNAs

The most frequently dysregulated miRNAs include miR-
451a, miR-144-3p, miR-23b, and miR-106b (see Table 4). 
Additionally, miRNAs, including miR-16-2, miR-16-5p, 
miR-495, miR-148b, miR-326, miR-139, miR-199b, 
miR19a-3p, miR-494, miR-142-3p, miR-3687, and miR-
27a-3p, are differentially expressed in various tissues and 
body fluids in patients with ASD. Among the miRNAs that 
were reported as dysregulated but excluded from the meta-
analyses because there was not enough data available across 
studies are miR-140-3p, miR-34c-5p, miR-483-3p, miR-
199a-5p, miR-142-5p, miR-142-3p, miR-21-5p, miR-6126 
and miR-106a-5p, miR-146a, miR-193a, miR-181a, miR-
155-5p, miR-483-3p, miR-34b-3p, miR-29b, miR141-3p, 
let7b-5p, and miR165p, which also induce the regulation of 
genes related to ASD.

Although several studies with very small populations 
identified different dysregulated miRNAs in isolation, other 
studies with large and representative samples [43] have 
detected alterations in several miRNAs whose dysregulation 
appears concurrently and have established an algorithm for 
four miRNAs (miR-28-3p, miR-151-a-3p, miR-148a-5p, 
miR-125b-2-3p) to differentiate children with ASD from 
healthy individuals and ASD from other developmental 
disorders. MiR-125b-2-3p and miR-151a-3p were found to 
be associated with ASD features in the ADOS assessment. 
This algorithm demonstrated a sensitivity of 89% and a 
specificity of 32%.

miRNA and the genetic load in ASD‑associated 
syndromes

Dysregulation of miRNAs between families is also evident. 
Ozkul et al. [38] identified a group of miRNAs (miR-19a-3p, 
miR-361-5p, miR-3613-3p, miR-150-5p, miR-126-3p and 
miR-499a-5) that were profoundly decreased in patients with 
ASD and moderately decreased in their relatives who did 
not develop the disease compared to nongenetically related 
healthy controls, implying a potential heritability pattern in 
which the most serious phenotype of ASD has the lowest 
levels of miRNAs, as observed in children with ASD, and 
another phenotype in which the disease does not emerge and 
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the levels of miRNAs are moderately low, as observed in the 
parents and siblings of patients with ASD.

Rett syndrome is a monogenic disorder linked to the X 
chromosome and is caused by mutations in the MECP2 
gene, which prevent its binding to methylated DNA, thus 
repressing gene translation and consequently the develop-
ment of autistic behavior. MiR-199 exerts epigenetic regula-
tion on MECP2 [39]. In addition, miR-132 also targets this 
gene [40], corroborating that miRNAs can play an important 
role in gene regulation. Peripheral blood studies show that 
miR-140-3p is differentially upregulated in patients with 
ASD compared to controls and in patients suffering from 
Tourette syndrome and ASD. Therefore, miR-140-3p may be 
a candidate biomarker for the differential diagnosis of ASD 
[33]. The FMR1 gene is widely expressed in neurons and is 
regulated by 14 miRNAs that are dysregulated in ASD [44]. 
This gene is altered in fragile X syndrome, which causes 
intellectual disability, and 40% of patients with this disease 
meet the diagnostic criteria for ASD.

Hormones and epigenetic mechanisms

miRNAs, as epigenetic modulators, affect the protein levels 
of the target mRNAs without modifying the gene sequences. 
Moreover, miRNA can also be regulated by epigenetic 
modifications [31, 47]. Therefore, epigenetics could play 
a role in dysregulation of miRNAs. Previous studies have 
found a dysregulation in methylation and acetylation patterns 
of miRNAs in the brain of humans with ASD. Mor et al. 
[31] showed that dysregulated miRNAs target biological 
pathways and specific genes, modifying their expression 
levels, that are highly relevant to the biology of autism. 
An interesting example is the oxytocin receptor (OXTR) 
gene, which codified for the receptor for the hormone and 
neurotransmitter oxytocin. OXTR acts as a vascular regulator 
or an inducer of uterine contractions during parturition. 
However, in the central nervous system [48–50], OXTR 
is associated with roles in social, cognitive, and emotional 
behavior. Regarding these functions, perturbations in OXTR 
have been implicated in subpopulations of individuals with 
ASD, including Asperger’s syndrome.

miR-142 has important roles in the dopaminergic and 
monoamine pathways in the brain. Moreover, this miRNA 
can also target OXTR gene and modulate their expression. 
Mor et al. [31] evidenced that epigenetics plays a role in 
dysregulation of miR-142 in the brain of ASD patients. 
Particularly, they found a hypomethylation in five CpG 
sites in the promoter region of the gene coding for miR-142, 
which correlates with elevated levels of miR-142, resulting 
in effects on OXTR gene expression that may favor the 
pathogenesis of ASD.

As epigenetic modulator, miR-142-5p negatively 
regulates the transcription of monoamine oxidase, thus Ta

bl
e 

2  
(c

on
tin

ue
d)

N
um

be
r o

f m
iR

N
A

s s
tu

di
ed

D
iff

er
en

tia
l e

xp
re

ss
io

n 
cr

ite
ria

m
iR

N
A

 w
ith

 th
e 

hi
gh

es
t d

if-
fe

re
nt

ia
l e

xp
re

ss
io

n
D

er
eg

ul
at

ed
 m

iR
N

A
Re

fe
re

nc
es

N
eg

at
iv

el
y 

de
re

gu
la

te
d 

m
iR

N
A

s
Po

si
tiv

el
y 

de
re

gu
la

te
d 

m
iR

N
A

s

80
0

SA
M

 (S
ig

ni
fic

an
ce

 o
f M

ic
ro

ar
-

ra
ys

 A
na

ly
si

s)
Fo

ld
 c

ha
ng

e 
(F

C
) v

al
ue

s
Th

e 
M

an
n–

W
hi

tn
ey

 U
 te

st
p <

 0.
05

m
iR

-4
51

a
FC

 =
  −

 3.
58

P 
<

 0.
00

01

m
iR

-1
6-

5p
, m

iR
-2

05
-5

p,
 m

iR
-

45
1a

, l
et

-7
b-

5p
m

iR
-2

9a
-3

p,
 m

iR
-1

41
-3

p,
 m

iR
-

14
6a

-5
p,

 m
iR

-2
00

a-
3p

, m
iR

-
20

0b
-3

p,
 m

iR
-4

45
4,

 m
iR

-7
97

5

R
ag

us
a 

et
 a

l. 
[4

5]

FC
 fo

ld
 c

ha
ng

e,
 F

D
R 

Ro
ge

rs
 d

is
cr

im
in

an
t f

un
ct

io
n,

 O
ne

-w
ay

 A
N

O
VA

 si
ng

le
-fa

ct
or

 a
na

ly
si

s o
f v

ar
ia

nc
e



2979European Child & Adolescent Psychiatry (2024) 33:2957–2990	

1 3

influencing the metabolism of neurotransmitters such as 
serotonin and dopamine. Moreover, miR-142-5p targets and 
decreases the translation of dopamine D1 receptors. There-
fore, this miRNA has important functions in the dopaminer-
gic and monoamine pathways of the brain that are strongly 
related to ASD. In this line, miR-142-5p was found to be 
upregulated in patients with ASD and may be involved in 
the degradation of HDAC2 mRNA, generating alterations in 
cell differentiation and proliferation [31].

Neuronal maturation and ASD

ASD is characterized by its association with neuronal mat-
uration, neuronal plasticity, neurogenesis, and neuronal 
functions [41]. A gene associated with stabilization of the 
neuronal cytoskeleton (MAPT) is a target of miR-34c-5p, 
which inhibits its expression and generates effects on neu-
ronal maturation [39].

The studies by Nguyen et al. [32] show that miR-146a 
overexpression in patients with ASD induces negative 
regulation of the LIN28B gene, which encodes a protein 
whose function is to maintain neural progenitors in an early 
stage of neuroblast proliferation. Additionally, miR-146a 
participates in negative regulation of CDKN1A, CDKN3, and 
CDK1, which encode proteins responsible for controlling 
the duration of the G1 phase during the cell cycle and the 
balance between the maintenance of progenitor cells and the 
emergence of differentiated neurons, which may be involved 
in the pathophysiology of ASD.

Social interaction and miRNAs

One of the functions of oxytocin is activation of the 
OXRT receptor, which, in the central nervous system, is 
mainly related to the biological signals of impaired social 
interaction. Overexpression of miR-21-5p and miR-451a is 
correlated with elevated OXRT mRNA expression, and, in 
turn, miR21-5p expression is correlated with low levels of 
the OXRT receptor. This hypothesis suggests that miR-21-5p 

inhibits translation of OXRT [31]. In addition, miR-6126 is 
closely related to oxytocin signaling pathways [37]. Changes 
induced in the OXRT pathway either by miRNA or by 
single-nucleotide polymorphisms have been associated with 
ASD, particularly in patients with Asperger’s syndrome. 
The deregulation of miR-21-5p, miR-451a and miR-6126 
is related to alterations in social interactions, which are 
characteristic of ASD [31].

Repetitive behaviors

Ten miRNAs [43] are related to the manifestation of 
restricted and repetitive behaviors in patients with ASD, 
highlighting miR-106a-5p, which is responsible for the 
regulation of genes that are candidates for ASD (SEMA5A, 
NTNG1, SRGAP3, and MAPK1). Therefore, the dysregula-
tion of miR-106a-5p can target transcripts that are related 
to brain development and lead to restricted and repetitive 
behaviors.

MicroRNAs involved in immunity in ASD

Neuroimmune interactions can originate during 
embryogenesis. Accordingly, children with ASD present 
altered immune responses, including altered cytokine TH1/
TH2 profiles, low NK activity, chronic neuroinflammation 
generated by glutamatergic excitotoxicity and 
decreased GABAergic signals, and imbalances in serum 
immunoglobulins.

The excitatory–inhibitory imbalance hypothesis 
postulates dysregulation of the GABA and glutamate 
neurotransmission is associated with deficits in 
individuals with ASD [51]. According to this theory, 
the imbalanced neurotransmission results in increased 
noise and hyperexcitability in the cerebral cortex of these 
patients. Later, Blaylock and Strunecka postulated a link 
between perturbed glutamatergic neurotransmission and 
pro-inflammatory changes in the ASD brain. The author 
introduced the term “immunoexcitotoxicity’ to describe 
neuronal injury hypothesized to result from microglial 
activation in ASD brain, since chronic activation of 
microglia derives in a predominant neurotoxic effect on the 
brain, with excitotoxic levels of glutamate being secreted 
[52].

In the peripheral blood of patients with ASD, miR-
34c-5p, which targets ZAP70, gene implicated in lympho-
cyte activation and NK acyivity, is profoundly dysregulated, 
reflecting a decrease in the CD4 + population and an imbal-
ance of the Th1/Th2 subsets toward Th2 [39].

The cellular and differentiation functions of macrophages 
and monocytes, lymphocytes, and NK are partly regulated 
by miRNAs; for example, miR-181a was identified in 
patients with ASD and decreased IL-B and high IL-10 

Table 3   Combined result of log2-fc from the meta-analysis

FC fold change

microRNA Meta-fc p value

miR-451a − 2.4175 6.47E−25
miR-150-5p − 3.6757 5.12E−05
miR-486-3p 2.0780 1.16E−03
miR-144-3p 1.1675 1.93E−05
miR-320a − 1.2500 1.39E−03
miR-23b 1.1650 7.17E−03
miR-92a-2-5p 0.0500 4.91E−04
miR-106b − 0.0150 1.44E−02
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Fig. 2   a Combined results of the fold change for the expression of eight miRNAs. b 16 studies included in the meta-analysis and the fold change 
of the expression in every miRNA
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profiles in the studies performed by Jyonouchi et al. [24, 35]. 
These studies showed a decrease in this miRNA. MiR-181a 
was also determined to directly regulate the inflammatory 
response mediated by macrophages and monocytes through 
negative regulation of pro-inflammatory cytokines and 
suppression of PTEN-related signaling pathways, thus 
affecting regulatory T-cell differentiation as well as 
mitochondrial functions. Therefore, IL-B and IL-10 profiles 
together with miRNA levels may be biomarkers for immune-
mediated inflammation in ASD. Moreover, recent research 
[29] found that all miR-181 family members, TNFa levels 
and NK profiles are dysregulated in ASD.

MicroRNAs, intelligence, learning, language, 
and memory in ASD

Yu et al. [41] demonstrated that miR-483-3p is dysregulated 
in ASD patients, leading to changes in the expression of 
c-Fos and Arc, which have an effect on dendritic and 
synaptic development, and thus contributing to the 

pathology of ASD, specifically impairments in intelligence 
and behavior. The study by Hicks et al. [44], which involved 
14 miRNAs as possible biomarkers of ASD, shows that 
these miRNAs are expressed in different areas of the brain 
at different childhood ages. Analysis of the genes targeted 
by these miRNAs highlights the Forkhead P2 box protein 
(FOXP2), which has been heavily implicated in speech and 
language disorders.

Mutations in this gene result in a very characteristic ver-
bal apraxia of fragile X Syndrome. While verbal apraxia is 
typically found in fragile X Syndrome, this alteration is also 
a hallmark of ASD. Interestingly, about 40% of the children 
with Fragile X Syndrome meet the criteria for ASD [44]. 
The regulatory network mediated by miR-140-3p plays a role 
in the CNS, and its dysregulation leads to alteration of CD38 
gene, which is involved in learning, postnatal glial devel-
opment, and hippocampal-dependent memory [33]. Mir-
34b-3p, which is also dysregulated in patients with ASD, 
is related to neuronal development and long-term memory 
[34]. Therefore, these miRNAs, which are dysregulated in 

Cell Lines
Lymphoblastoids

Memory
and

learning

Neuronal
maturation Inteligence Language Social

behavior
Repetitive
behavior Hormones Immunity Circadian

cycle

miR-16-2 ↓
miR-495 ↓
miR-326 ↓
miR-139 ↓

miR-148b ↓
miR-199b ↓

miR-146a-5p ↓

miR92a_5p ↓
 miR-320a ↓

miR96-5p ↓
miR 150-5p ↓

miR-146 ↑

miR-106b ↑ miR-23b ↑

miR-10a ↑

miR-34c-5p → MAPT
miR-486-3p → ARID1
miR-199a-5p → SIRT1
miR-146a-5p → lin28B

miR-140-3p

↓

CD38

miR-21-5p
miR-6126
miR-451a

↓
OXRT

miR-29b
↓

ID3 ATF2
VIP PER3

PER1 ARNTL
DUSP2

miR-34c-5p
↓

ZAP70

miR-181a
↓

PTEN

miR-142-5p
↓

Serotonin and
dopamine

miR-142-3p
↓

Dopamine D1
receptors

Forkhead P2
(FOXP2)

miR-486-3p
↓

c-Fos
and
Arc

Saliva

miR-16-5p ↑

miR-451a ↓

miR-146a-5p ↓

miR-27a-3p ↓

miR-151-3p ↓
 miR-27a-3p ↓

miR-10a ↑

Post-mortem
brain

miR-19a-3p ↑

miR-142-3p ↑

miR-144-3p ↓
miR-451a ↑

miR-3687 ↓

miR-494 ↑

Serum

miR-144-3p ↓miR-106 ↓ miR-451a ↓ miR-23b ↓
miR-16-5p ↑

miR-16-2 ↓ miR-495 ↓
miR-326 ↓

miR-139 ↓

miR-148b ↓
miR-199b ↓

miR-27a-3p ↓

miR-142-3p ↑
miR-3687 ↓

miR-151-3p ↓
miR-494 ↑

miR-19a-3p ↑

miR-451a ↑

miR-106a-5p

NTGNG1
SRGAP3

MAPK1
SEMASA

miR-106b ↑

miR-451a

miR-451a ↑
miR-144-3p ↓

miR-106 ↓ miR-144-3p ↓ miR-451a ↓

miR-451a ↓

miR-23b ↓

miR-23b ↑

miR-146 ↑

Fig. 3   Target genes of the analyzed miRNAs and miRNAs related to different clinical manifestations of ASD
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patients with ASD and physiologically related to the disease, 
are good biomarker candidates for ASD.

Biofluids for microRNA measurement

Expression of most miRNAs takes place within the cells 
themselves in every cerebral region. Nonetheless, several 
miRNAs, known as circulating miRNAs, have been found 
in human biological fluids like saliva, urine, blood, or cer-
ebrospinal fluid [53]. Up to today's date, the known ways of 
secretion of circulating miRNAs are the following ones: (1) 
damaged cells, due to apoptosis or necrosis, which produce 
a passive secretion; (2) usage of extracellular vesicles to cre-
ate an active secretion; (3) usage of RNA-binding protein-
dependent pathways to generate an active secretion [54]. The 
most promising and advantageous biofluid in ASD, regard-
ing the number of detected circulating miRNAs, is the saliva 
above the others.

It is available on demand and is quickly renewed in 
most adults, adolescents, and healthy children. It is also 
inexpensive to obtain, and collection is fast [55]. Initially, 
lymphoblastoid cells and cerebral cortex tissues were used 
for miRNA measurement. However, lymphoblastoid cells are 
not an ideal sample for determining the levels of miRNAs. 
The physiological relevance of miRNA expression in 
lymphoblastoid cell cultures raises methodological concerns 
[43] due to controversies regarding whether they are relevant 
indicators of neuronal tissue. Nevertheless, an unlimited 
amount of miRNA can be collected from these tissues [22]. 
In patients with ASD, sample collection can be complicated, 
since they can develop irritability with body contact and 
with some disturbances that arise in children’s daily lives 
[56]. Blood extraction is complicated, and preanalytical 
phase errors such as improper sample collection could occur. 
In addition, blood extraction is painful, requires specific 
personnel, and can generate anxiety and physical malaise 
[55]. Postmortem cerebral cortex tissues may be an ideal 
sample for studying and measuring miRNA considering 
that 70% of miRNAs are synthesized in the brain. However, 
postmortem samples of the cerebral cortex are generally 
taken from adults, which limits related analyses, since 
miRNA levels may vary considerably between childhood 
and adulthood, and the goal in the future is to develop a 
technique that allows early diagnosis [57].

Strengths and limitations

Some limitations should be noted, first, we were not able 
to accurately analyze all microRNAs, since there was not 
enough data available across studies. In particular, only 
16 of 27 studies in the review could be included in the 

meta-analysis as the others had incomplete data for con-
fidence intervals for the fc of every miRNA. Second, the 
studies used different metrics to statistically analyze whether 
a certain microRNA is increased or decreased in ASD 
patients compared to the negative control, so many studies 
that showed very promising results had to be excluded as we 
did not find a common variable that could be analyzed; and 
third, although 16 studies were included in the meta-analy-
sis, not all studies choose the same microRNA; as a result, 
some studies that reported FC value had to be excluded as 
there was no other study that analyzed the same microRNA 
for fair comparison. Finally, no raw data were available in 
most studies.

We believe the main strength of our study is the disclos-
ing of concrete clinical implications that may contribute to 
a better knowledge on the relationship between miRNAs 
and ASD. Of particular importance is the finding that the 
variability in both the miRNAs chosen and the metrics 
used for analyses in most studies to date highlights the 
need to establish protocols to compare consistent results. It 
is noteworthy that 218 miRNAs were identified across the 
16 meta-analyzed studies, 8 studies were comparable, and 
only one was able to replicate the results in terms of clinical 
manifestations.

Conclusion

The most frequently dysregulated miRNAs across the ana-
lyzed studies were miR-451a, miR-144-3p, miR-23b, miR-
106b, miR150-5p, miR320a, miR92a-2-5p, and miR486-3p. 
Therefore, all these miRNAs can be considered candidates 
for ASD biomarkers. Among the most dysregulated miR-
NAs in individuals with ASD, miR-451a is the most relevant 
to clinical practice and is associated with impaired social 
interaction in patients with ASD. Saliva may be the optimal 
biological fluid for miRNA measurement, because it is easy 
to obtain from children compared to other biological fluids. 
Future research should be focused on exploring more spe-
cific clinical outcomes.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00787-​023-​02138-3.

Acknowledgements  The authors wish to express their gratitude to Raúl 
Gallego Juarez designer who improved our Fig. 3 and American Jour-
nal Experts for the English language editing of the article.

Author contributions  NGT, MRV, KGT, and BCF conceived and 
designed the study; KGT, GPB, and CCB collected the data; NGT, 
HOM, SGC, and MCR contributed data or analysis tool; NGT and 
HOM performed the analysis; NGT, SGC, KGT, and DGG wrote the 
first draft; all authors review the final version of the manuscript.

Funding  Funding for open access publishing: Universidad de Sevilla/
CBUA. This research did not receive any specific grant from funding 

https://doi.org/10.1007/s00787-023-02138-3


2988	 European Child & Adolescent Psychiatry (2024) 33:2957–2990

1 3

agencies in the public, commercial, or not-for-profit sectors. NG-T 
received funds under Rio Hortega contract CM20/00015 with the 
Carlos III Health Institute. SG-C received funds under Sara Borrell 
contract CD19_00183 with the Carlos III Health Institute.

Data availability  The datasets generated for this study are available on 
request to the corresponding author.

Declarations 

Conflict of interest  No potential competing interest is reported by the 
authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Lyall K, Croen L, Daniels J, Fallin MD, Ladd-Acosta C, Lee BK, 
Park BY, Snyder NW, Schendel D, Volk H, Windham GC, News-
chaffer C (2017) The changing epidemiology of autism spectrum 
disorders. Annu Rev Public Health 38:81–102. https://​doi.​org/​10.​
1146/​annur​ev-​publh​ealth-​031816-​044318

	 2.	 Wu YE, Parikshak NN, Belgard TG, Geschwind DH (2016) 
Genome-wide, integrative analysis implicates microRNA dysreg-
ulation in autism spectrum disorder. Nat Neurosci 19:1463–1476. 
https://​doi.​org/​10.​1038/​nn.​4373

	 3.	 Robins DL, Casagrande K, Barton M, Chen CM, Dumont-Mathieu 
T, Fein D (2014) Validation of the modified checklist for Autism 
in toddlers, revised with follow-up (M-CHAT-R/F). Pediatrics 
133(1):37–45. https://​doi.​org/​10.​1542/​peds.​2013-​1813

	 4.	 Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop SL 
(2012) Autism diagnostic observation schedule, second edition 
(ADOS-2) manual (part I): modules 1–4. Western Psychological 
Services, Torrance

	 5.	 Lord C, Rutter M, Le Couteur A (1994) Autism diagnostic inter-
view—revised: a revised version of a diagnostic interview for 
caregivers of individuals with possible pervasive developmental 
disorders. J Autism Dev Disord 24(5):659–685. https://​doi.​org/​
10.​1007/​BF021​72145

	 6.	 Zachor DA (2012) Autism spectrum disorders—a syndrome on 
the rise: risk factors and advances in early detection and interven-
tion. Harefuah 151(3):162–164 (189)

	 7.	 Atwan H, Assarehzadegan MA, Shekarabi M, Jazayeri SM, Barfi 
S, Shoormasti RS, Chimeh N, Pouretemad HR, Tayebi B (2020) 
Assessment of miR-181b-5p, miR-23a-3p, BCL-2, and IL-6 in 
peripheral blood mononuclear cells of autistic patients; likelihood 
of reliable biomarkers. Iran J Allergy Asthma Immunol 19:74–83. 
https://​doi.​org/​10.​18502/​ijaai.​v19i1.​2420

	 8.	 Sehovic E, Spahic L, Smajlovic-Skenderagic L, Pistoljevic N, 
Dzanko E, Hajdarpasic A (2020) Identification of developmen-
tal disorders including autism spectrum disorder using salivary 

miRNAs in children from Bosnia and Herzegovina. PLoS ONE 
15:e0232351. https://​doi.​org/​10.​1371/​journ​al.​pone.​02323​51

	 9.	 Emerson RW, Adams C, Nishino T, Hazlett HC, Wolff JJ, 
Zwaigenbaum L, Constantino JN, Shen MD, Swanson MR, Eli-
son JT, Kandala S, Estes AM, Botteron KN, Collins L, Dager 
SR, Evans AC, Gerig G, Gu H, McKinstry RC, Paterson S, 
Schultz RT, Styner M, Schlaggar BL, Pruett JR Jr, Piven J (2017) 
Functional neuroimaging of high-risk 6-month-old infants pre-
dicts a diagnosis of autism at 24 months of age. Sci Transl Med. 
9:eaag2882. https://​doi.​org/​10.​1126/​scitr​anslm​ed.​aag28​82

	10.	 Geschwind DH, State MW (2015) Gene hunting in autism spec-
trum disorder: on the path to precision medicine. Lancet Neurol 
14:1109–1120. https://​doi.​org/​10.​1016/​s1474-​4422(15)​00044-7

	11.	 Shen MD, Kim SH, McKinstry RC, Gu H, Hazlett HC, Nordahl 
CW, Emerson RW, Shaw D, Elison JT, Swanson MR, Fonov 
VS, Gerig G, Dager SR, Botteron KN, Paterson S, Schultz RT, 
Evans AC, Estes AM, Zwaigenbaum L et al (2017) Increased 
extra-axial cerebrospinal fluid in high-risk infants who later 
develop autism. Biol Psychiat 82(3):186–193. https://​doi.​org/​
10.​1016/j.​biops​ych.​2017.​02.​1095

	12.	 Shen L, Zhao Y, Zhang H, Feng C, Gao Y, Zhao D, Xia S, Hong 
Q, Iqbal J, Liu XK, Yao F (2019) Advances in biomarker studies 
in autism spectrum disorders. Adv Exp Med Biol 1118:207–
233. https://​doi.​org/​10.​1007/​978-3-​030-​05542-4_​11

	13.	 Gentilin E, Gandellini P (2021) Coding the noncoding: 2 years 
of advances in the field of microRNAs and long noncoding 
RNAs. Cancer Gene Ther 28(5):355–358. https://​doi.​org/​10.​
1038/​s41417-​020-​00236-x 

	14.	 Sarachana T, Zhou R, Chen G, Manji HK, Hu VW (2010) Inves-
tigation of post-transcriptional gene regulatory networks asso-
ciated with autism spectrum disorders by microRNA expres-
sion profiling of lymphoblastoid cell lines. Genome Med 2:23. 
https://​doi.​org/​10.​1186/​gm144

	15.	 Ander BP, Barger N, Stamova B, Sharp FR, Schumann CM 
(2015) Atypical miRNA expression in temporal cortex associ-
ated with dysregulation of immune, cell cycle, and other path-
ways in autism spectrum disorders. Mol Autism 6:37. https://​
doi.​org/​10.​1186/​s13229-​015-​0029-9

	16.	 Hicks SD, Rajan AT, Wagner KE, Barns S, Carpenter RL, Mid-
dleton FA (2018) Validation of a salivary RNA test for child-
hood autism spectrum disorder. Front Genet 9:534. https://​doi.​
org/​10.​3389/​fgene.​2018.​00534

	17.	 Yoon SH, Choi J, Lee WJ, Do JT (2020) Genetic and epige-
netic etiology underlying autism spectrum disorder. J Clin Med 
9(4):966. https://​doi.​org/​10.​3390/​jcm90​40966

	18.	 Nguyen LS, Lepleux M, Makhlouf M, Martin C, Fregeac J, 
Siquier-Pernet K, Philippe A, Feron F, Gepner B, Rougeulle 
C, Humeau Y, Colleaux L (2016) Profiling olfactory stem cells 
from living patients identifies miRNAs relevant for autism 
pathophysiology. Mol Autism 7:1. https://​doi.​org/​10.​1186/​
s13229-​015-​0064-6

	19.	 Nt P, Ds M, Mm N, In M, Ti V (2018) Investigation of circulat-
ing serum MicroRNA-328-3p and MicroRNA-3135a expres-
sion as promising novel biomarkers for autism spectrum dis-
order. Balkan J Med Genet 21:5–12. https://​doi.​org/​10.​2478/​
bjmg-​2018-​0026

	20.	 Weber JA, Baxter DH, Zhang S, Huang DY, Huang KH, Lee MJ, 
Galas DJ, Wang K (2010) The microRNA spectrum in 12 body 
fluids. Clin Chem 56:1733–1741. https://​doi.​org/​10.​1373/​clinc​
hem.​2010.​147405

	21.	 Salloum-Asfar S, Satheesh NJ, Abdulla SA (2019) Circulating 
miRNAs, small but promising biomarkers for autism spectrum 
disorder. Front Mol Neurosci 12:253. https://​doi.​org/​10.​3389/​
fnmol.​2019.​00253

	22.	 Seno MMG, Hu P, Gwadry FG, Pinto D, Marshall CR, Casallo 
G, Scherer SW (2011) Gene and miRNA expression profiles in 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1146/annurev-publhealth-031816-044318
https://doi.org/10.1146/annurev-publhealth-031816-044318
https://doi.org/10.1038/nn.4373
https://doi.org/10.1542/peds.2013-1813
https://doi.org/10.1007/BF02172145
https://doi.org/10.1007/BF02172145
https://doi.org/10.18502/ijaai.v19i1.2420
https://doi.org/10.1371/journal.pone.0232351
https://doi.org/10.1126/scitranslmed.aag2882
https://doi.org/10.1016/s1474-4422(15)00044-7
https://doi.org/10.1016/j.biopsych.2017.02.1095
https://doi.org/10.1016/j.biopsych.2017.02.1095
https://doi.org/10.1007/978-3-030-05542-4_11
https://doi.org/10.1038/s41417-020-00236-x
https://doi.org/10.1038/s41417-020-00236-x
https://doi.org/10.1186/gm144
https://doi.org/10.1186/s13229-015-0029-9
https://doi.org/10.1186/s13229-015-0029-9
https://doi.org/10.3389/fgene.2018.00534
https://doi.org/10.3389/fgene.2018.00534
https://doi.org/10.3390/jcm9040966
https://doi.org/10.1186/s13229-015-0064-6
https://doi.org/10.1186/s13229-015-0064-6
https://doi.org/10.2478/bjmg-2018-0026
https://doi.org/10.2478/bjmg-2018-0026
https://doi.org/10.1373/clinchem.2010.147405
https://doi.org/10.1373/clinchem.2010.147405
https://doi.org/10.3389/fnmol.2019.00253
https://doi.org/10.3389/fnmol.2019.00253


2989European Child & Adolescent Psychiatry (2024) 33:2957–2990	

1 3

autism spectrum disorders. Brain Res 1380:85–97. https://​doi.​
org/​10.​1016/j.​brain​res.​2010.​09.​046

	23.	 Talebizadeh Z, Butler MG, Theodoro MF (2008) Feasibility and 
relevance of examining lymphoblastoid cell lines to study role 
of microRNAs in autism. Autism Res 1:240–250. https://​doi.​
org/​10.​1002/​aur.​33

	24.	 Jyonouchi H, Geng L, Toruner GA, Rose S, Bennuri SC, Frye 
RE (2019) Serum microRNAs in ASD: association with mono-
cyte cytokine profiles and mitochondrial respiration. Front Psy-
chiatry 10:614. https://​doi.​org/​10.​3389/​fpsyt.​2019.​00614

	25.	 Moher D, Liberati A, Tetzlaff J, Altman DG (2009) Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. PLoS Med 6:e1000097. https://​doi.​org/​10.​
1371/​journ​al.​pmed.​10000​97

	26.	 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A (2016) 
Rayyan—a web and mobile app for systematic reviews. Syst 
Rev 5:210. https://​doi.​org/​10.​1186/​s13643-​016-​0384-4

	27.	 Prada C, Lima D, Nakaya H (2021) MetaVolcanoR: herramienta 
de visualización de metaanálisis de expresión genética. Versión 
del paquete R 1.6.0

	28.	 Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J 
(2003) The development of QUADAS: a tool for the quality 
assessment of studies of diagnostic accuracy included in sys-
tematic reviews. BMC Med Res Methodol 3:25. https://​doi.​org/​
10.​1186/​1471-​2288-3-​25

	29.	 Frye RE, Rose S, McCullough S, Bennuri SC, Porter-Gill PA, 
Dweep H, Gill PS (2021) MicroRNA expression profiles in 
autism spectrum disorder: role for miR-181 in immunomodu-
lation. J Personal Med 11(9):922. https://​doi.​org/​10.​3390/​jpm11​
090922

	30.	 Almehmadi KA, Tsilioni I, Theoharides TC (2020) Increased 
expression of miR-155p5 in amygdala of children with autism 
spectrum disorder. Autism Res 13:18–23. https://​doi.​org/​10.​
1002/​aur.​2205

	31.	 Mor M, Nardone S, Sams DS, Elliott E (2015) Hypomethyla-
tion of miR-142 promoter and upregulation of microRNAs that 
target the oxytocin receptor gene in the autism prefrontal cortex. 
Mol Autism 6:46. https://​doi.​org/​10.​1186/​s13229-​015-​0040-1

	32.	 Nguyen LS, Fregeac J, Bole-Feysot C, Cagnard N, Iyer A, Anink 
J, Aronica E, Alibeu O, Nitschke P, Colleaux L (2018) Role of 
miR-146a in neural stem cell differentiation and neural lineage 
determination: relevance for neurodevelopmental disorders. Mol 
Autism 9:38. https://​doi.​org/​10.​1186/​s13229-​018-​0219-3

	33.	 Cirnigliaro M, Barbagallo C, Gulisano M, Domini CN, Barone 
R, Barbagallo D, Ragusa M, Di Pietro C, Rizzo R, Purrello 
M (2017) Expression and regulatory network analysis of miR-
140-3p, a new potential serum biomarker for autism spectrum 
disorder. Front Mol Neurosci 10:250. https://​doi.​org/​10.​3389/​
fnmol.​2017.​00250

	34.	 Huang F, Long Z, Chen Z, Li J, Hu Z, Qiu R, Zhuang W, Tang 
B, Xia K, Jiang H (2015) Investigation of gene regulatory 
networks associated with autism spectrum disorder based on 
MiRNA EXPRESSION in China. PLoS ONE 10:e0129052. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01290​52

	35.	 Jyonouchi H, Geng L, Streck DL, Dermody JJ, Toruner GA 
(2017) MicroRNA expression changes in association with 
changes in interleukin-1ß/interleukin10 ratios produced by 
monocytes in autism spectrum disorders: their association with 
neuropsychiatric symptoms and comorbid conditions (observa-
tional study). J Neuroinflammation 14:229. https://​doi.​org/​10.​
1186/​s12974-​017-​1003-6

	36.	 Kichukova TM, Popov NT, Ivanov IS, Vachev TI (2017) Profil-
ing of circulating serum microRNAs in children with autism 
spectrum disorder using stem-loop qRT-PCR assay. Folia Med 
(Plovdiv) 59:43–52. https://​doi.​org/​10.​1515/​folmed-​2017-​0009

	37.	 Nakata M, Kimura R, Funabiki Y, Awaya T, Murai T, Hagiwara 
M (2019) MicroRNA profiling in adults with high-functioning 
autism spectrum disorder. Mol Brain 12:82. https://​doi.​org/​10.​
1186/​s13041-​019-​0508-6

	38.	 Ozkul Y, Taheri S, Bayram KK, Sener EF, Mehmetbeyoglu E, 
Öztop DB, Aybuga F, Tufan E, Bayram A, Dolu N, Zararsiz G, 
Kianmehr L, Beyaz F, Doganyigit Z, Cuzin F, Rassoulzadegan 
M (2020) A heritable profile of six miRNAs in autistic patients 
and mouse models. Sci Rep 10:9011. https://​doi.​org/​10.​1038/​
s41598-​020-​65847-8

	39.	 Vaccaro TDS, Sorrentino JM, Salvador S, Veit T, Souza DO, de 
Almeida RF (2018) Alterations in the MicroRNA of the blood 
of autism spectrum disorder patients: effects on epigenetic regu-
lation and potential biomarkers. Behav Sci (Basel) 8:75. https://​
doi.​org/​10.​3390/​bs808​0075

	40.	 Vasu MM, Anitha A, Thanseem I, Suzuki K, Yamada K, Taka-
hashi T, Wakuda T, Iwata K, Tsujii M, Sugiyama T, Mori N 
(2014) Serum microRNA profiles in children with autism. Mol 
Autism 5:40. https://​doi.​org/​10.​1186/​2040-​2392-5-​40

	41.	 Yu D, Jiao X, Cao T, Huang F (2018) Serum miRNA expres-
sion profiling reveals miR-486-3p may play a significant role in 
the development of autism by targeting ARID1B. NeuroReport 
29:1431–1436. https://​doi.​org/​10.​1097/​wnr.​00000​00000​001107

	42.	 Zamil B, Ali-Labib R, Youssef W, Khairy E (2020) Evalua-
tion of miR-106a and ADARB1 in autistic children. Gene Rep. 
18:100586. https://​doi.​org/​10.​1016/j.​genrep.​2019.​100586

	43.	 Hicks SD, Carpenter RL, Wagner KE, Pauley R, Barros M, 
Tierney-Aves C, Barns S, Greene CD, Middleton FA (2020) 
Saliva microRNA differentiates children with autism from peers 
with typical and atypical development. J Am Acad Child Ado-
lesc Psychiatry 59:296–308. https://​doi.​org/​10.​1016/j.​jaac.​2019.​
03.​017

	44.	 Hicks SD, Ignacio C, Gentile K, Middleton FA (2016) Sali-
vary miRNA profiles identify children with autism spectrum 
disorder, correlate with adaptive behavior, and implicate ASD 
candidate genes involved in neurodevelopment. BMC Pediatr 
16:52. https://​doi.​org/​10.​1186/​s12887-​016-​0586-x

	45.	 Ragusa M, Santagati M, Mirabella F, Lauretta G, Cirnigliaro 
M, Brex D, Barbagallo C, Domini CN, Gulisano M, Barone R, 
Trovato L, Oliveri S, Mongelli G, Spitale A, Barbagallo D, Di 
Pietro C, Stefani S, Rizzo R, Purrello M (2020) Potential asso-
ciations among alteration of salivary miRNAs, saliva microbi-
ome structure, and cognitive impairments in autistic children. 
Int J Mol Sci 21:6203. https://​doi.​org/​10.​3390/​ijms2​11762​03

	46.	 Gill PS, Dweep H, Rose S, Wickramasinghe PJ, Vyas KK, 
McCullough S, Porter-Gill PA, Frye RE (2022) Integrated 
microRNA-mRNA expression profiling identifies novel targets 
and networks associated with autism. J Pers Med 12(6):920. 
https://​doi.​org/​10.​3390/​jpm12​060920

	47.	 Yao Q, Chen Y, Zhou X (2019) The roles of microRNAs in 
epigenetic regulation. Curr Opin Chem Biol 51:11–17. https://​
doi.​org/​10.​1016/j.​cbpa.​2019.​01.​024

	48.	 Di Napoli A, Warrier V, Baron-Cohen S, Chakrabarti B (2014) 
Genetic variation in the oxytocin receptor (OXTR) gene is asso-
ciated with Asperger Syndrome. Mol Autism 5(1):48. https://​
doi.​org/​10.​1186/​2040-​2392-5-​48

	49.	 LoParo D, Waldman ID (2015) The oxytocin receptor gene 
(OXTR) is associated with autism spectrum disorder: a meta-
analysis. Mol Psychiatry 20(5):640–646. https://​doi.​org/​10.​
1038/​mp.​2014.​77

	50.	 Meyer-Lindenberg A, Domes G, Kirsch P, Heinrichs M (2011) 
Oxytocin and vasopressin in the human brain: social neuropep-
tides for translational medicine. Nat Rev Neurosci 12(9):524–
538. https://​doi.​org/​10.​1038/​nrn30​44

	51.	 Rubenstein JLR, Merzenich MM (2003) Model of autism: 
Increased ratio of excitation/inhibition in key neural systems. 

https://doi.org/10.1016/j.brainres.2010.09.046
https://doi.org/10.1016/j.brainres.2010.09.046
https://doi.org/10.1002/aur.33
https://doi.org/10.1002/aur.33
https://doi.org/10.3389/fpsyt.2019.00614
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/1471-2288-3-25
https://doi.org/10.1186/1471-2288-3-25
https://doi.org/10.3390/jpm11090922
https://doi.org/10.3390/jpm11090922
https://doi.org/10.1002/aur.2205
https://doi.org/10.1002/aur.2205
https://doi.org/10.1186/s13229-015-0040-1
https://doi.org/10.1186/s13229-018-0219-3
https://doi.org/10.3389/fnmol.2017.00250
https://doi.org/10.3389/fnmol.2017.00250
https://doi.org/10.1371/journal.pone.0129052
https://doi.org/10.1186/s12974-017-1003-6
https://doi.org/10.1186/s12974-017-1003-6
https://doi.org/10.1515/folmed-2017-0009
https://doi.org/10.1186/s13041-019-0508-6
https://doi.org/10.1186/s13041-019-0508-6
https://doi.org/10.1038/s41598-020-65847-8
https://doi.org/10.1038/s41598-020-65847-8
https://doi.org/10.3390/bs8080075
https://doi.org/10.3390/bs8080075
https://doi.org/10.1186/2040-2392-5-40
https://doi.org/10.1097/wnr.0000000000001107
https://doi.org/10.1016/j.genrep.2019.100586
https://doi.org/10.1016/j.jaac.2019.03.017
https://doi.org/10.1016/j.jaac.2019.03.017
https://doi.org/10.1186/s12887-016-0586-x
https://doi.org/10.3390/ijms21176203
https://doi.org/10.3390/jpm12060920
https://doi.org/10.1016/j.cbpa.2019.01.024
https://doi.org/10.1016/j.cbpa.2019.01.024
https://doi.org/10.1186/2040-2392-5-48
https://doi.org/10.1186/2040-2392-5-48
https://doi.org/10.1038/mp.2014.77
https://doi.org/10.1038/mp.2014.77
https://doi.org/10.1038/nrn3044


2990	 European Child & Adolescent Psychiatry (2024) 33:2957–2990

1 3

Genes Brain Behav 2(5):255–267. https://​doi.​org/​10.​1034/j.​
1601-​183x.​2003.​00037.x

	52.	 Blaylock RL, Strunecka A (2009) Immune-glutamatergic dys-
function as a central mechanism of the autism spectrum disor-
ders. Curr Med Chem 16(2):157–170. https://​doi.​org/​10.​2174/​
09298​67097​87002​745

	53.	 Gareev I, Beylerli O, Yang G, Sun J, Pavlov V, Izmailov A, Shi 
H, Zhao S (2020) The current state of MiRNAs as biomarkers 
and therapeutic tools. Clin Exp Med 20(3):349–359. https://​doi.​
org/​10.​1007/​s10238-​020-​00627-2

	54.	 Yuan L, Liu X, Chen F, Zhang L, Chen X, Huang Q, Wu D, 
Yang C, Han Z (2016) Diagnostic and prognostic value of circu-
lating microRNA-133a in patients with acute myocardial infarc-
tion. Clin Lab 62(7):1233–1241. https://​doi.​org/​10.​7754/​Clin.​
Lab.​2015.​151023

	55.	 Wren ME, Shirtcliff EA, Drury SS (2015) Not all biofluids are 
created equal: chewing over salivary diagnostics and the epi-
genome. Clin Ther 37:529–539. https://​doi.​org/​10.​1016/j.​clint​
hera.​2015.​02.​022

	56.	 American Psychiatric Association (2013) Dsm-5. American Psy-
chiatric Association, Virginia, US

	57.	 Hicks SD, Middleton FA (2016) A comparative review of micro-
RNA expression patterns in autism spectrum disorder. Front Psy-
chiatry 7:176. https://​doi.​org/​10.​3389/​fpsyt.​2016.​00176

https://doi.org/10.1034/j.1601-183x.2003.00037.x
https://doi.org/10.1034/j.1601-183x.2003.00037.x
https://doi.org/10.2174/092986709787002745
https://doi.org/10.2174/092986709787002745
https://doi.org/10.1007/s10238-020-00627-2
https://doi.org/10.1007/s10238-020-00627-2
https://doi.org/10.7754/Clin.Lab.2015.151023
https://doi.org/10.7754/Clin.Lab.2015.151023
https://doi.org/10.1016/j.clinthera.2015.02.022
https://doi.org/10.1016/j.clinthera.2015.02.022
https://doi.org/10.3389/fpsyt.2016.00176

	miRNAs as biomarkers of autism spectrum disorder: a systematic review and meta-analysis
	Abstract
	Introduction
	Methodology
	Search strategy
	Eligibility
	Study selection
	Meta-analytic approach
	Quality assessment

	Results
	Discussion
	Frequently dysregulated miRNAs
	miRNA and the genetic load in ASD-associated syndromes
	Hormones and epigenetic mechanisms
	Neuronal maturation and ASD
	Social interaction and miRNAs
	Repetitive behaviors
	MicroRNAs involved in immunity in ASD
	MicroRNAs, intelligence, learning, language, and memory in ASD
	Biofluids for microRNA measurement

	Strengths and limitations
	Conclusion
	Acknowledgements 
	References




