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Bipolar disorder (BD) is a clinically important psychiatric comorbidity 
in children and adolescents with autism spectrum disorder (ASD), as it 
may complicate diagnostic assessment, clinical course, and treatment 
planning (1). The prevalence of comorbid BD in children with ASD has 
been estimated at 5–7% in recent publications (1–3). Since the prevalence 
of BD in the neurotypical pediatric population is estimated at 1.8–3.8%, 
it appears that BD is more common in patients with autism spectrum 
disorders than in the general population (4). Genetic heritability plays a 
significant role in both disorders, although specific genetic factors have 
only been identified in a small number of cases (5,6). Epigenetics has 
recently emerged as a potential mechanism by which the accumulation 
of these gene variants, in combination with specific environmental 
stimuli, may lead to the onset of the disorder (7). MicroRNAs (miRNAs) 
have recently been investigated as one of the epigenetic mechanisms in 
psychiatric disorders.

miRNAs are short non-coding RNAs of approximately 18–24 
nucleotides involved in various cellular processes, such as proliferation, 
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Introduction: The presence of bipolar disorder (BD) in individuals with 
ASD exacerbates social and cognitive impairments, complicates diagnosis 
and treatment. The aim of this study was to compare the serum levels of 
specific miRNAs between children with ASD with and without BD, and to 
explore their association with BD comorbidity in ASD.

Method: A group of 41 pediatric patients with comorbid ASD + BD and 
a group of 47 pediatric patients with ASD without BD were included in 
the study. Serum miRNA levels were measured using quantitative real-
time polymerase chain reactions, focusing specifically on miRNAs such 
as miR-132-5p, miR-134-5p, miR-206, and miR-126-5p.

Results: The ASD + BD group exhibited significantly greater ASD severity 
than the ASD without BD group. Serum levels of miR-134-5p, miR-206, 

and miR-126-5p were all higher in the ASD + BD group than in the 
ASD without BD group (p=0.038, p=0.023, and p=0.026, respectively), 
while miR-132-5p levels were not significantly different (p=0.105). 
Furthermore, miR-134-5p levels were correlated with the frequency of 
manic episodes in the ASD + BD group (p=0.007).

Conclusion: The study findings suggest that miRNAs may be involved 
in the pathophysiology of comorbid BD in children with ASD and may 
potentially represent candidate biomarkers for early diagnosis and 
intervention, thus contributing to improved clinical outcomes in this 
population. Further research is now needed to validate these findings 
and to understand the underlying mechanisms.

Keywords: Autism, bipolar disorders, miRNA, BDNF, VEGF.

ABSTRACT

differentiation, growth control, homeostasis, and apoptosis (8). 
Research has shown that certain miRNAs in peripheral blood correlate 
with miRNA levels in cerebrospinal fluid (CSF), suggesting that 
peripheral miRNAs may provide valuable insights into central nervous 

Highlights
•	 Serum miR-126-5p, miR-134-5p, and miR-206 levels 

were elevated in ASD+ BD group.

•	 miR-134-5p correlated with manic episodes, suggesting 
link to BD severity in ASD.

•	 Co-occurrence of BD and ASD was linked to more severe 
ASD symptoms.

https://orcid.org/0000-0002-2053-2894
https://orcid.org/0000-0001-5464-2891
https://orcid.org/0000-0002-1797-5889
https://orcid.org/0000-0002-6432-3541
https://orcid.org/0000-0001-9418-7301


Kaan et al. Serum miRNAs in ASD with and without Bipolar Disorder

503

Arch Neuropsychiatry 2026;63:502−509

system (CNS) processes (9). This relationship may be explained by the 
ability of miRNAs to cross the blood-brain barrier, enabling dynamic 
communication between peripheral and central systems. These 
correlations suggest that peripheral miRNAs could serve as a window 
into the molecular changes occurring within the CNS, providing insights 
into both disease mechanisms and progression. This relationship 
is critical given the challenges associated with directly sampling 
CSF, which is an invasive and resource-intensive process. From this 
perspective, peripheral miRNA studies have gained increasing interest 
in major psychiatric conditions.

In BD, altered miRNA expression has been reported in both postmortem 
brain tissue and peripheral blood, suggesting that miRNA dysregulation 
may be relevant to disease mechanisms and biomarker research (10). 
Genetic studies have further indicated that several miRNA-related 
genes are located within BD susceptibility loci (11). Although a wide 
range of candidate miRNAs has been investigated, only a small 
number—most notably miR-34a and miR-137—have shown relatively 
consistent replication across independent studies. Moreover, mood-
stabilizing treatments such as lithium and valproate have been reported 
to modulate miRNA profiles, with some changes paralleling clinical 
improvement (12). In ASD, the evidence base is comparatively smaller. 
A recent review highlighted significant alterations in several miRNAs 
(e.g., miR-28, miR-151, miR-148, and miR-125) in ASD compared with 
healthy controls (13). Experimental data also suggest links between 
miRNAs and ASD-relevant pathways: suppression of miR-132 has been 
associated with increased MECP2 expression and repetitive behaviors, 
and inhibition of miR-137 has been linked to increased SHANK2 
expression in animal models (14,15). Further investigation of the role 
of miRNAs in psychiatric disorders may improve our understanding 
of biological correlates and treatment-related changes in psychiatric 
disorders (11).

Although BD and ASD are known to share a number of genetic links and 
to co-occur at higher rates than in the general population, few studies 
have investigated the biological mechanisms underlying BD comorbidity 
in individuals with ASD (16,17). Even fewer have examined the genetic 
mechanisms in children with ASD and BD comorbidity. While miRNA 
research is more established for ASD and BD as separate conditions, less 
is known about miRNA profiles in patients with comorbid ASD and BD 
(11,13). This study was intended to fill this gap by investigating serum 
miRNA levels in children with comorbid ASD and BD and comparing these 
with children with ASD without BD, and to evaluate their correlations 
with clinical manifestations of BD.

Recent studies involving similar patient groups have shown reduced 
levels of brain-derived neurotrophic factor (BDNF) and increased 
levels of vascular endothelial growth factor (VEGF) in ASD patients with 
BD compared to those without BD (16,17). Experimental and clinical 
data indicate that neurotrophins can modulate miRNA expression 
through intracellular signaling molecules, suggesting the presence of 
integrated positive and negative regulatory loops between miRNAs and 
neurotrophic factors (18). In the present study, we took these previously 
identified parameters a step further by selecting miRNAs associated 
with VEGF and BDNF to investigate whether they would exhibit similar 
differences. A literature search was therefore performed on PubMed 
using the terms ‘micro-RNA,’ ‘Brain Derived Neurotrophic Factor,’ 
and ‘Vascular Endothelial Growth Factor,’ along with their common 
abbreviations. In this context, miR-132 has been associated with adult 
neural stem cell neurogenesis and synaptic plasticity, with evidence 
that it can bind to CREB and increase BDNF levels, while BDNF-related 
MAPK/ERK1/2 activation may also upregulate miR-132 expression 
(18). miR-134 is a brain-enriched miRNA implicated in dendritic spine 
maturation and synaptic development; it can suppress Limk1 and 

negatively regulate CREB/BDNF gene expression, whereas exposure 
to BDNF appears to attenuate the inhibitory effect of miR-134 on 
Limk1 (19). miR-206 has also been shown to repress BDNF expression; 
moreover, a large clinical study reported an interaction between miR-
206 and BDNF polymorphisms associated with BD susceptibility and 
treatment response (20). miR-126-5p, an endothelial miRNA repeatedly 
linked to VEGF-related pathways and angiogenic/neurovascular 
mechanisms, was selected (21). The aim of the present research was 
to compare serum levels of specific miRNAs between children with 
ASD with and without BD and to explore their association with BD 
comorbidity in ASD. The study hypothesis was that serum miRNA levels 
would be higher in children with ASD+BD compared to those with ASD 
without BD.

METHODS

Study design and participants
This study was conducted at the Child and Adolescent Psychiatry 
Outpatient Clinic of Istanbul University between November 2023 and 
April 2024. Participants were recruited via voluntary response sampling 
among patients undergoing regular follow-ups in the outpatient clinic. 
All participants and their parents were informed about the study. Written 
informed consent was obtained from the parents.

The study was designed with two groups: an ASD+BD group consisting of 
pediatric patients with ASD comorbid BD, and an ASD without BD group 
consisting of patients with ASD without BD comorbidity. The following 
exclusion criteria were applied for both groups, since these might affect 
serum miRNA levels: the presence of specific metabolic, systemic, 
genetic, and/or progressive neurologic conditions, a history of infection 
in the previous month, or a history of nutritional supplement/vitamin use 
in the preceding month. Patients in the ASD+BD group who were not 
euthymic at the time of blood collection were excluded. Euthymia was 
determined using the mood modules of the K-SADS-PL and consensus 
clinical evaluation by child and adolescent psychiatrists. Blood samples 
were obtained at least one month after the last manic/hypomanic or 
depressive episode and only when no syndromal mood symptoms were 
present.

Sample size estimation was informed by the limited bipolar miRNA 
literature. Among the four candidate miRNAs, miR-134-5p was 
selected as the reference target for sample size planning because it has 
relatively strong support in the bipolar miRNA literature and has been 
repeatedly investigated in peripheral blood samples in independent 
cohorts (22,23). The study by Tekdemir et al., which evaluated serum 
miR-134-5p expression in patients with bipolar disorder and healthy 
controls, was used as the primary empirical data source for sample 
size estimation. Specifically, the reported serum miR-134-5p values in 
that study were used to inform the expected magnitude and direction 
of group differences in the present study (23). A power analysis was 
conducted using G*Power (version 3.1) for a two-tailed Mann-Whitney 
U test, assuming α=0.05, power (1–β)=0.80, an allocation ratio of 1:1, 
and Cohen’s d=0.65 as an assumed moderate planning value (24,25). 
Under these assumptions, the minimum required sample size was 80 
participants (40 per group). Forty-one patients with comorbid ASD and 
BD and 47 with ASD without BD were enrolled in the study. Figure 1 
shows the flowchart.

The study was approved by the Istanbul University Clinical Research 
Ethics Committee on November 3, 2023, at meeting number 22. The 
project was supported by a grant from the Istanbul University under 
project code TTU-2024-40621.
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Assessments
Both ASD and BD were diagnosed based on Diagnostic and Statistical 
Manual of Mental Disorders 5th edition (DSM-5) criteria. The 
participants were given a survey form consisting of questions intended 
to elicit sociodemographic and clinical data. Psychiatric diagnoses for 
all participants were assessed using the Schedule for Affective Disorders 
and Schizophrenia for School-Age Children-Present and Lifetime Version 
(K-SADS-PL). Assessments confirmed that the ASD without BD group 
did not meet the diagnostic criteria for any mood disorder throughout 
life. The Childhood Autism Rating Scale (CARS) was used to evaluate the 
severity of ASD symptoms in both groups. Behavioral problems were 
assessed by means of the parent-reported Aberrant Behavior Checklist 
(ABC).

Sociodemographic Data Form
The researchers designed a data form to collect information concerning 
the sociodemographic characteristics of all the patients in the study. 
This form included individual characteristics such as sociodemographic 
background, developmental history, the patients’ medical records, and 
the families’ demographic characteristics. Phenomenological features of 
BD such as age at onset and diagnosis, duration of illness, and frequency 
of episodes were also examined in the ASD+BD group.

Schedule for Affective Disorders and Schizophrenia Interview 
Chart for School-Age Children Now and Lifetime Style 
(K-SADS-PL)
K-SADS-PL is a semi-structured interview form widely used to screen 
for lifetime and current psychopathology in children and adolescents 
based on DSM-5 criteria (26). The presence and severity of symptoms are 
assessed by integrating the perspectives of the child/adolescent, parents 
and clinician. The Turkish version validity and reliability of the scale were 
investigated by Unal et al. (27).

The Childhood Autism Rating Scale (CARS)
Developed by Schopler et al. (28), CARS is a behavioral rating scale used 
to differentiate children with ASD from those with other developmental 
disorders. It is based on clinician observations of the child and information 
provided by the family. Childhood autism rating scale assesses 15 areas 
in which impairments associated with autism may be expected. This scale 
serves as a diagnostic assessment tool, rating individuals on a spectrum 
from normal to severe, and providing a composite score ranging from 
non-autistic to mildly, moderately, or severely autistic. The Turkish-
language adaptation of the scale was conducted by Incekas et al. (29).

Aberrant Behavior Checklist (ABC)
The ABC, validated in ASD by Kaat et al. (30), was designed to measure 
psychiatric symptoms and behavioral problems in school-aged children. 
It consists of five domains: hyperactivity, inertia, repetitive behaviors, 
damaging behaviors, and other behaviors. The original English version 
of the scale consists of 58 items, and the Turkish version of 46. The ABC 
is scored by parents or teachers using a four-point Likert-type scale. 
The validity and reliability study of the Turkish-language version was 
conducted by Karabekiroglu et al. in 2009 (31).

Sampling and Evaluation of miRNA expressions
Venous blood samples were collected from patients at the Department 
of Child and Adolescent Mental Health and Diseases Clinic between 
December 2023 and January 2024. Samples were transferred to the 
Department of Biochemistry within fifteen minutes of collection; 
centrifuged, aliquoted and stored at -80°C until further processed. Total 
RNA was purified from samples using miRNeasy Serum/Plasma Advanced 
Kit (Qiagen, USA, Cat no 217204) following manufacturer’s instruction. 
cDNA was synthesized using miRCURY TM LNA RT Kit; (Qiagen, USA, 
Cat no 339346). miR-132-5p, miR-134-5p, miR-126-5p and miR-206 
expressions were quantified on a Qiagen Rotor-Gene Q quantitative real 
time polymerase chain reaction (qPCR) device. Primers used in the study 

Figure 1. Flowchart diagram 
for sample selection.

[n=60]

[n=52]

[n=49]

[n=41][n=47]

[n=55]

[n=63]

[n=90]



Kaan et al. Serum miRNAs in ASD with and without Bipolar Disorder

505

Arch Neuropsychiatry 2026;63:502−509

were obtained from Qiagen Technologies (USA). The primer sequences 
were as follows: miRCURY LNA™ miRNA PCR Assay U6 (Qiagen, USA, 
Cat no YP02119464); miRCURY LNA™ miRNA PCR Assay miR-132-5p 
(Qiagen, USA, Cat no YP00204552]; miRCURY LNA™ miRNA PCR Assay 
miR-134-5p, (Qiagen, USA, Cat no YP00205989); miRCURY LNA™ miRNA 
PCR Assay miR-126-5p, (Qiagen, USA, Cat no YP00206010); miRCURY 
LNA™ miRNA PCR Assay miR-206, (Qiagen, USA, Cat no YP00206073). 
Expression levels were calculated using 2−ΔΔCT method and the relative 
expression of each gene was normalized to that of U6. The selection of 
U6 as an endogenous control was based on the published literature (32).

Statistical analysis
All analyses were performed on IBM Statistical Package for Social 
Sciences (SPSS) software program version 26.0. Descriptive statistics 
were reported as mean ± standard deviation for continuous variables 
and median with 25 th-75th percentiles and frequency distributions for 
categorical variables. Pearson’s Chi-square test (χ2) and Fisher’s Exact 
test were applied to assess relationships between categorical variables. 
The Shapiro-Wilk test was used to assess the normality of distribution 
of miRNA levels. Since all miRNA levels were non-normally distributed, 
the Mann-Whitney U test was applied. p values <0.05 were considered 
statistically significant.

RESULTS
Forty-one pediatric patients with comorbid ASD and BD (ASD+BD group, 
mean age=13.5±2.9 years) and 47 with ASD without BD comorbidity 
(ASD without BD group, mean age=13.2±3.2 years) were enrolled in the 
study. Both groups contained four girls, the remaining participants being 
boys. A higher prevalence of BD and schizophrenia was determined in 

the relatives of the ASD+BD group, but there was no difference in terms 
of anxiety and depressive disorders. A maternal history of depression 
was more common in the ASD+BD group (p=0.012). The CARS and 
ABC scores of the ASD+BD group were higher than those of the ASD 
without BD group (p=0.004 and p=0.008, respectively). According to 
the KSADS assessments, all patients except one in the ASD without 
BD group had at least one comorbidity accompanying ASD. Attention 
deficit hyperactivity disorder was the most common comorbidity in 
both groups (p=0.276). Oppositional defiant disorder and tic disorder 
were more common in the ASD+BD group than in the ASD without 
BD group (p=0.018 and p=0.001, respectively). While all patients in the 
ASD+BD group received psychiatric treatment (73% were using more 
than one psychopharmacological agent), 15% of those in the ASD 
without BD group were followed-up without treatment. In the ASD+BD 
group, all patients were receiving antipsychotic treatment, whereas 
56.5% of the ASD without BD group were on antipsychotic medication. 
Antidepressants and mood stabilizers (predominantly valproate and, 
less frequently, lithium) were more common in the ASD+BD group, 
whereas only a small number of patients in the ASD without BD group 
received a mood stabilizer. Table 1 and Table 2 show the participants’ 
sociodemographic and clinical characteristics.

Bipolar I disorder was diagnosed in 63.4% of the ASD+BD group and 
bipolar II in 34.1%. Mean age at onset was 10.58±2.62 years. The mean 
time since the last mood episode was 5.64±7.17 months. Sixty-one 
percent of the patients in the ASD+BD group exhibited a stable course 
between attacks, the others manifesting subsyndromal symptoms in the 
inter-attack period. Distractibility, increased activity, and a decreased 
need for sleep were the most common symptoms and signs other 
than mood change and increased energy (92.7%, 87.8% and 85.4%, 

Table 1. The study groups’ demographic and clinical characteristics 

Variable ASD+BD [n=41] ASD w/o BD [n=47] p value t / z value

Age, years, mean ± SD 13.5±2.9 13.2±3.2 0.646a -0.461

BMI [kg/m2], mean ± SD 25.05±5.0 23.05±6.8 0.026b -2.22

Family history of BD [n, %] 36.6% (15) 2.1% (1) <0.001c 17.478

Family history of schizophrenia [n, %] 29.3% (12) 8.5% (4) 0.004 c 8.111

Perinatal maternal depression [n, %] 29.3% (12) 8.5% (4) 0.012 c 6.343

CARS-total score, mean ± SD 42.37±6.36 38.04±7.13 0.004a -2.990

ABC-total score, mean ± SD 74.63±31.0 59.70±27.1 0.008b -2.639

Multiple psychiatric drug use [n, %] 73.2% (30) 27.7% (13) <0.001a 14.438

SD: standard deviation; BMI: body mass index; ASD: autism; BD: bipolar disorder; CARS: childhood autism rating scale; ABC: aberrant behavior checklist; w/o: without; a: Student 
t-test; b: Mann Whitney-U test; c: Pearson Chi-square test; d: Fisher’s exact test; p <0.05 shown in bold.

Table 2. Distributions of psychiatric diagnoses in the study groups

Psychiatric diagnoses ASD+BD [n=41] ASD w/o BD [n=47] p value z/t value

Psychosis 2.4% (1) 0% 0.466b

Anxiety 43.9% (18) 27.7% (13) 0.112a 2.532

OCD 31.7% (13) 27.7% (13) 0.678a 0.172

ADHD 95.1% (39) 87.2% (41) 0.276b

ODD 24.4% (10) 6.4% (3) 0.018a 5.640

Enuresis 24.4% (10) 8.5% (4) 0.042a 4.127

Encopresis 17.1% (7) 8.5% (4) 0.226a 1.468

Tic disorder 29.3% (12) 4.3% (2) 0.001a 10.241

PTSD 2.4% (1) 0% 0.466b

a: chi-square test; b: Fisher’s exact test; ASD: autism spectrum disorder; BD: bipolar disorder; OCD: obsessive compulsive disorder; ADHD: attention deficit hyperactivity disorder; 
ODD: oppositional defiant disorder; PTSD: post traumatic stress disorder; w/o: without; p <0.05 shown in bold.
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respectively). The least common symptoms and signs were exhibiting 
activities with negative consequences and flight of thought (31.7% 
and 29.3%, respectively). Episodes triggered by seasonal cycles were 
detected in 63.4% of the patients. While 19.5% of the patients described 
a psychosocial stress factor before the first episode, 51.2% had a history 
of episode exacerbation with psychopharmacological agents. The clinical 
features of the ASD+BD group are presented in Table 3.

Levels of miR-132-5p, miR-134-5p, miR-206, and miR-126-5p were 
compared between the study groups. This selection was based on 
previous studies highlighting variations in BDNF and VEGF levels in 
individuals with ASD+BD comorbidity compared to those with ASD 
alone. By selecting these miRNAs — known for their association with 
the BDNF and VEGF pathways — we aimed to further investigate these 
specific molecular differences. miR-134-5p, miR-206, and miR-126-5p 
levels were all significantly higher in the group than in the ASD without 
BD group (p=0.038 z=-2.07, p=0.023 z=-2.281, and p=0.026 z=-2.223, 
respectively), while miR-132-5p levels were similar between the groups. 
The examined miRNAs showed high correlations with each other (miR-
126-5p – miR-132-5p p<0.001; miR-126-5p – miR-134-5p p<0.001; 
miR-126-5p – miR-206 p<0.001; miR-132-5p – miR-134-5p p=0.006; 
miR-132-5p – miR-206 p=0.004; miR-134-5p - miR-206 p=0.002) (Table 
4).

No significant correlations were observed for any of the miRNAs with 
age (miR-126-5p p=0.378; miR-132-5p p=0.134; miR-134-5p p=0.422; 
miR-206 p=0.310), suggesting that age did not have a measurable 
impact on their expression levels in this study population. Comparisons 
between miRNA levels and BD types in the ASD+BD group revealed 
lower miR-132-5p and miR-134-5p levels in patients with BD type 1 
compared to those with bipolar type 2 (p=0.014, z=-2.452 and p=0.005, 
z=-2.795, respectively). However, no similar differences were observed 
between serum miR-206 and miR-126-5p levels and bipolar types 
(p=0.476, p=0.355, and p=0.824, respectively). An analysis of clinical 
features showed that miR-134-5p levels were negatively correlated 
with the total number of manic episodes (p=0.007, r=-0.432). No other 

significant correlations were identified between miRNA levels and clinical 
parameters. The relationships between clinical features and miRNA levels 
are shown in Table 5.

DISCUSSION
Recent years have witnessed a growing understanding that changes in 
miRNA expression may contribute to the pathogenesis of psychiatric 
disorders and be capable of acting as peripheral biomarkers of the disease 
and markers of therapeutic responses (10,11). While numerous studies 
have separately investigated the role of miRNAs in ASD and BD, there has 
been a notable absence of research into miRNA levels in patients with 
ASD and comorbid BD (11,13). In order to investigate whether altered 
miRNA expression is associated with the presence of ASD with comorbid 
BD, the present research focused on miRNAs related to BDNF and VEGF, 
since previous studies have reported significant differences in these 
neurotrophic factors in patients with ASD with comorbid BD (16,17). 
Specifically, miR-132-5p, miR-134-5p, miR-206, and miR-126-5p were 
examined due to their previously reported associations with BDNF and 
VEGF. The results suggested that miR-134-5p, miR-206, and miR-126-5p 
levels were associated with BD comorbidity in pediatric patients with 
ASD.

miR-134-5p, known for its important role in synaptic development and 
plasticity, is often investigated in studies of BD and schizophrenia (11). 
miR-134-5p regulates dendritic structure by inhibiting LIM domain 
kinase (Limk1) synthesis, which adversely affects dendritic spine growth. 
The suppressive effect of miR-134-5p on Limk1 is reduced in neurons 
exposed to BDNF, resulting in increased dendritic spine growth (19). miR-
134-5p also transcriptionally down-regulates CREB expression, thereby 
inhibiting BDNF gene expression (33). Brain-derived neurotrophic factor 
(BDNF) is crucial for neurotransmitter modulation, synaptogenesis, and 
neuroplasticity, and abnormalities in BDNF expression, release, and 
activity have been implicated in neurological and psychiatric disorders 
(34). Numerous studies have reported that low BDNF levels correlate 
with response to treatment, age at onset, and severity of episodes 

Table 3. Clinical characteristics of the ASD+BD group

Variable Values 
BD-1[n, %] 63.4%

BD-2[n, %] 34.1%

Age at onset [years] mean ± SD 10.58±2.62

Attack frequency, episodes/year, mean±SD 1.55±0.87

Total number of manic/hypomanic episodes, mean ± SD 2.60±1.80

Total number of depressive episodes, mean ± SD 2.20±2.16

No full recovery between episodes (n, %) 37.5%

SD: standard deviation; ASD: autism spectrum disorder; BD: bipolar disorder.

Table 4. The relative expression levels of miR-132-5p, miR-134-
5p, miR-126-5p, and miR-206 in study groups

Variable 
ASD+BD 

[n=41] 
ASD w/o BD 

[n=47] 
Mann-Whitney U-Test

p value z value

miR-126-5p 49.31±24.5 37.39±12.31 0.026 -2.223

miR-132-5p 42.03±13.28 33.86±4.54 0.105 -1.622

miR-134-5p 45.44±9.63 34.70±4.72 0.038 -2.079

miR-206 48.41±9.09 36.32±4.54 0.023 -2.281

p <0.05 shown in bold; ASD: Autism spectrum disorder; BD: Bipolar disorder; w/o: 
without.

Table 5. Correlation analysis between clinical characteristics and miRNA Levels in ASD+BD group

Clinical characteristics

miR-132-5p miR-134-5p miR-206 miR-126-5p

p value r p value r p value r p value r

Age at onset 0.787 -0.046 0.798 0.043 0.658 -0.046 0.970 0.006

Total Number of depressive episodes 0.788 -0.046 0.521 0.107 0.768 0.049 0.733 0.057

Total number of hypomanic/manic episodes 0.079 -0.292 0.007 -0.432 0.186 -0.219 0.572 -0.093

CARS total score 0.124 0.179 0.372 0.102 0.521 0.072 0.863 0.019

ABC total score 0.233 0.139 0.168 0.157 0.498 0.075 0.639 0.052

p <0.05 shown in bold; r indicates Spearman’s rho; ASD: autism spectrum disorder; BD: bipolar disorder; CARS: childhood autism rating scale; ABC: aberrant behavior checklist; r 
indicates Spearman’s rho.
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(35,36). Despite decreased BDNF levels observed in BD, a recent meta-
analysis reported increased BDNF levels in children with ASD compared 
to neurotypical controls (37). Consistent with that finding, Yıldız Bayındır 
et al. (17), also reported decreased BDNF levels in patients with both ASD 
and BD compared to those without BD. In the present study miR-134-5p 
levels were higher in the BD group with ASD than in the ASD without BD 
group, consistent with previous findings associating low BDNF levels with 
high miR-134-5p levels and BD. In contrast, studies involving the general 
population have reported that miR-134-5p levels decrease during manic 
episodes of BD and unipolar depression and increase after treatment 
(22). The relationship between miR-134-5p and BDNF appears to be 
complex and inconsistent across studies, potentially varying by clinical 
state, developmental stage, and sample characteristics. The observed 
increase in serum miR-134-5p levels is thought to be due to decreased 
levels of BDNF, which exerts opposite effects to those of miR-134-5p 
in dendritic development. The results of the present study suggest that 
different mechanisms may be involved in BD comorbidity in patients 
with ASD compared to the neurotypical population.

miR-206, another key element in this complex network, is highly 
expressed in muscle tissue and plays a critical role in muscle development 
and remodeling (38). It regulates the synthesis of BDNF and several other 
proteins, including epidermal growth factor receptor (EGFR), histone 
deacetylase 4 (HDAC4), and cyclin D1. In their study of 288 patients 
with BD, Wang et al. (20) identified an interaction between miR-206 and 
BDNF polymorphism associated with susceptibility to BD and response 
to treatment. In line with these findings, elevated levels of miR-206 
were also observed in the BD comorbidity group in the present study. 
Considered together, the data for miR-134-5p and miR-206 highlight 
the complex interactions between these microRNAs and BDNF in the 
pathogenesis of BD, particularly in patients with ASD. These interactions 
highlight the need for further research in order to understand the different 
mechanisms involved in BD comorbidity in patients with ASD compared 
to the neurotypical population. Understanding these mechanisms may 
provide further insights into targeted therapeutic strategies for managing 
BD in the context of ASD.

Studies have reported increased levels of miR-132-5p in unmedicated 
relatives of BD patients, in postmortem brain tissue from patients with 
BD and schizophrenia, and in peripheral blood from patients with 
schizophrenia (39). Li et al. (40) investigated the relationship between 
BDNF and miR-132-5p levels in patients with depression and found 
that BDNF levels decreased while miR-132-5p and miR-182 levels 
increased in patients compared to healthy controls. They also reported 
that administration of miR-132-5p resulted in a decrease in BDNF levels. 
Nevertheless, there are inconsistent results in the literature regarding 
the relationship between BDNF and miR-132-5p. Some experimental 
studies have reported that miR-132-5p increases BDNF levels via CREB, 
while others have shown a decrease in BDNF levels with miR-132-5p 
administration (12,18). Some studies have also suggested that BDNF may be 
related to a decrease in miR-132-5p levels through feedback mechanisms 
involving MAP/kinase and CREB (18). The discrepant findings in the 
literature regarding miR-132-5p may be due to the complex interactions 
between miRNAs and various biochemical parameters, as well as to their 
interactions with one another (41). No significant difference in miR-132-
5p levels was observed between the study groups in the present study. 
Some other studies investigating miR-132-5p in patients with BD have 
also reported either a significant decrease or no difference compared to 
healthy controls (11). We attribute the unclear correlations between miR-
132-5p and BDNF to compensatory mechanisms that develop as a result 
of psychopathology.

Studies have shown that miR-126-5p, which is specifically expressed 
in endothelial cells and hematopoietic progenitor cells, is associated 
with angiogenesis and VEGF expression (42). VEGF is known for its role 

in neuronal plasticity and neurogenesis, potentially affecting synaptic 
transmission (43). Elevated VEGF levels have been reported in patients 
with BD, particularly during depressive episodes (44). A study published 
in 2017 reported increased miR-126-5p and VEGF levels in patients 
with psychotic depression compared to healthy controls, and that 
these decreased to levels similar to those of healthy controls following 
electroconvulsive therapy (45). In the light of previous studies reporting 
high VEGF levels in BD patient groups and the correlation between miR-
126-5p and VEGF, our study hypothesis was that higher miR-126-5p 
levels would be in the ASD+BD group compared to the ASD without BD 
group. Consistent with both our hypothesis and the previous literature, 
serum miR-126-5p levels were higher in the group with ASD and 
comorbid BD. Guldiken et al. (16) also reported higher levels of VEGF in 
cases with comorbid ASD and BD compared to controls. These results 
suggest that further studies with larger samples are now needed to clarify 
the roles of miR-126-5p and VEGF in the BD in patients with comorbid 
ASD, including their potential relevance to therapeutic interventions.

This study also investigated whether these miRNAs would correlate with 
the clinical features of BD. Analysis revealed that serum miRNA levels 
were not associated with clinical features such as age at first diagnosis, 
number of symptoms, duration of illness, mixed/psychotic features, and 
seasonal cycling in patients with BD. miR-134-5p levels, by contrast, 
were associated with the total number of manic/hypomanic episodes. 
Similarly, miR-132-5p and miR-134-5p levels were higher in patients 
diagnosed with BD II compared to those with BD I in our study sample. 
Our observation of higher miR-134-5p levels in BD II is incompatible 
with Rong et al. (22), who suggested that a decrease in miR-134-5p levels 
may be associated with the severity of mania. The finding of an increase 
in miR-134-5p levels both in line with the total number of manic/
hypomanic episodes and in BD II is compatible with the results of studies 
reporting a higher total number of episodes in BD II compared to BD I 
(46). Further studies with larger samples and examining a greater number 
of miRNAs are now needed to verify the correlation between miRNA 
levels and clinical features of BD.

This study addresses the changing clinical features associated with the 
presence of BD in individuals with ASD. Previous research has suggested 
that the co-occurrence of BD and ASD may result not only in impairments 
characterized by mood disturbance, but also in impairments in core ASD 
symptoms (2,47). In agreement with previous research, the present study 
shows that children with comorbid BD are more likely to exhibit more 
severe symptoms of ASD (47). Our findings also indicated an increased 
prevalence of a history of self-injurious behavior and sleep difficulties 
within the comorbid BD group. The symptomatology of BD typically 
includes increased aggression, irritability, and persistent sleep disturbance 
even during euthymic periods. Individuals with early-onset BD and 
neurodevelopmental problems often exhibit subsyndromal symptoms 
between episodes (48). This may contribute to the increased frequency 
of these clinical features in the comorbid BD group. In addition, patients 
with comorbid BD have a greater overall burden of psychiatric disorders. 
Previous research has also shown a higher prevalence of comorbid 
psychiatric diagnoses in cases of ASD and BD, a reflection of the clinical 
complexity of this comorbidity (48,49). These clinical findings highlight 
the critical importance of accurate diagnosis of and early intervention in 
BD in the ASD population.

A number of limitations to this study need to be considered when 
interpreting the findings. First, the cross-sectional design of the study 
limits our ability to infer causality from the observed associations; 
therefore, all relationships between serum miRNA levels and clinical 
characteristics should be interpreted as correlations rather than evidence 
of direct causal effects. The members of the ASD+BD group were euthymic 
at the time of data collection, thus limiting insight into fluctuations in 
miRNA levels during manic and depressive episodes. Longitudinal studies 
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are now needed to elucidate the temporal relationships between miRNA 
expression patterns and the onset and progression of comorbid ASD and 
BD. Second, comorbidity is common in ASD, and individuals with ASD 
often present with multiple coexisting conditions. Although excluding 
participants with significant comorbidities might have enhanced the 
interpretability of our results, we cannot exclude these cases due to 
the nature of ASD, where such comorbidities are frequently observed. 
This inclusion is a limitation of our study, as it may introduce additional 
variability; at the same time, it reflects the real-world clinical complexity 
of ASD with BD comorbidity. Furthermore, differences in psychotropic 
medication exposure between groups may have influenced serum 
miRNA levels and should be considered a potential confounder. These 
treatment differences partly reflect the clinical reality of ASD patients 
with BD, in whom polypharmacy and long-term pharmacotherapy are 
often unavoidable; nevertheless, the lack of standardized medication 
regimens is an important limitation of our study. Third, the relatively small 
and clinically heterogeneous sample—including both BD I and BD II—
may limit the generalizability of our findings to the broader population. 
Moreover, because effect sizes from BD-versus-control biomarker studies 
may be larger than those expected for within-ASD stratification (ASD+BD 
vs ASD without BD), the present study may be underpowered to detect 
smaller true effects; therefore, further studies with larger sample sizes 
are needed before clinical translation can be considered. Fourth, the use 
of peripheral blood samples may not fully capture miRNA expression 
patterns in the brain, where the pathophysiology of psychiatric disorders 
is primarily manifested. Future studies using postmortem brain tissue or 
neuroimaging techniques may provide further insight into the molecular 
mechanisms underlying comorbid ASD and BD. In addition, the lack of 
a neurotypical control group complicates broader comparisons of serum 
miRNA levels and BD-specific clinical features. These limitations highlight 
the need for more comprehensive studies, including healthy controls, 
to investigate the alterations in serum miRNA levels in individuals with 
comorbid ASD and BD.

As a result, this study yielded valuable insights into the biological basis 
of the comorbidity of ASD and BD by investigating the levels of specific 
miRNAs in affected individuals. The results indicate significant elevation 
of serum levels of miR-126-5p, miR-134-5p and miR-206 in patients 
with ASD and BD comorbidity compared to those with ASD alone. These 
results support the hypothesis that these miRNAs, particularly those 
associated with BDNF and VEGF, may be involved in the pathophysiology 
of BD in the context of ASD.
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