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Introduction

The aim of this study is to investigate, using magnetic resonance imaging (MRI), the optic nerve diameter, morphometric characteristics of the optic chiasm (OC), volumes of the lateral, third, and fourth ventricles, as well as the volumes of the corpus callosum (CC) and choroid plexus (CP) in children with autism spectrum disorder (ASD), and to compare these findings with those of a typically developing (TD) control group. Additionally, the study seeks to evaluate the impact of these neuroanatomical parameters on autism symptom severity and sensory sensitivity.





Methods

This study included 111 children with ASD and 143 TD control children, aged between 5 and 13 years. The severity of ASD was assessed using the Social Communication Questionnaire (SCQ) and the Childhood Autism Rating Scale (CARS). Symptoms related to sensory sensitivities in ASD were evaluated using the Autism Behavior Checklist (AuBC).





Results

In the ASD group, OC height, and the volumes of the CP and CC were significantly higher compared to the TD group, whereas OC width and third ventricular volume were significantly lower. There were no significant differences between the two groups in terms of optic nerve volumes, OC cross-sectional area, lateral and fourth ventricular volumes, or total brain volume. OC height was positively correlated with CARS, AuBC relationship, and AuBC use of body and objects scores, while OC width was positively correlated with CARS and AuBC use of body and objects scores. Conversely, OC height showed a negative correlation with AuBC personal-social development scores. After controlling for potential confounding variables such as total brain volume, age, and sex, the results of the covariance analysis remained unchanged. In multiple logistic regression analysis, left CP volume was found to be more strongly associated with ASD diagnosis compared to other morphometric measures.





Discussion

The findings of this study suggest that increased OC height, increased CC and CP volumes, and decreased third ventricular volume may play a role in the etiopathogenesis of altered brain development in children with ASD.
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1 Introduction

Autism spectrum disorder (ASD) is a lifelong neurodevelopmental disorder (NDD) characterized by impairments in social interactions, difficulties in verbal and nonverbal communication, repetitive behavior patterns, and restricted interests (1). In addition to the core symptoms, ASD is frequently associated with sensory processing dysfunctions, including visual processing deficits, which may underlie or exacerbate stereotyped behaviors observed in affected individuals (2, 3). A recent systematic review indicated that heightened visual and auditory sensitivities are linked to increased symptom severity in ASD (4). Atypical visual processing in ASD, including altered color perception, reduced eye contact, and impairments in gaze tracking, points to the potential importance of investigating retinal and optic nerve structures in understanding underlying neurobiological mechanisms (5). Furthermore, individuals with ASD have been reported to exhibit a higher prevalence of optic nerve hypoplasia and retinopathy compared to healthy controls. These visual impairments have been associated with deficits in depth perception and reduced peripheral visual processing, which may contribute to the social difficulties observed in ASD (6–8). Given their embryonic origin from the diencephalon, both the retina and optic nerve are integral components of the central nervous system and are frequently described as a ‘window to the brain’ due to their accessibility and neurodevelopmental relevance (9). Although certain components of the anterior visual pathway related to the retinal region can be easily assessed using optical coherence tomography (OCT), magnetic resonance imaging (MRI) may be required for comprehensive evaluation of the entire visual pathway. The volume or area of the optic chiasm has been reported as a potential MRI biomarker and a key component of the anterior visual pathway, as it can be measured using both automated and manual methods (10). Due to their neuroanatomical continuity with the brain, retinal and optic nerve measures have been utilized as structural indicators of axonal degeneration in conditions such as Alzheimer’s disease, multiple sclerosis, Parkinson’s disease, and NDDs (11).

NDDs are associated with structural abnormalities not only in the central nervous system (CNS) but also within subcortical regions, which are critical not only for motor control but also for higher-order functions such as learning, memory, attention, executive functioning, and emotion processing (12). The choroid plexus (CP) is a subcortical structure located in the lateral, third, and fourth ventricles of the brain. It serves as the primary source of cerebrospinal fluid (CSF) production, constitutes the core of the blood–CSF barrier, and plays a key role in maintaining brain homeostasis. In the context of volumetric alterations observed in patients with psychiatric disorders, assessment of CP volume—along with the bilateral lateral ventricles (LV), third, and fourth ventricles—is critically important for evaluating cognitive functions and brain development (13, 14). Neuroimaging analyses appear to be a useful approach for evaluating CP volume in vivo. In patients diagnosed with schizophrenia, morphological changes such as increased calcification in the CP have been reported using computed tomography (CT), and alterations in CP volume have also been demonstrated in various neuropsychiatric disorders using MRI (13, 15, 16). Increased volumes of the CP and lateral ventricles have been reported in individuals with Alzheimer’s disease, schizophrenia, bipolar disorder, and major depressive disorder. Moreover, CP abnormalities have been identified in pediatric cases of ASD, and animal studies have demonstrated ASD-like behaviors in mice with experimentally induced CP dysfunction (17, 18). The CP has been shown to interact with dopaminergic pathways, suggesting its involvement in processes related to learning and neuroplasticity. Additionally, CP enlargement has been linked to impairments in blood–brain barrier function and to neuroinflammatory activity (19, 20). Given the presence of neuroinflammation in ASD, reductions in neurotrophic factor levels in the CSF of children with ASD have been reported, potentially reflecting functional changes in the CP (14). Postmortem analyses in individuals with ASD, as well as findings from ASD animal models, have revealed elevated levels of proinflammatory cytokines in the CP, supporting the hypothesis that neuroinflammation may contribute to the etiopathogenesis of ASD (21).

The corpus callosum (CC), the brain’s largest commissural tract, plays a critical role in interhemispheric communication by integrating cortical and subcortical connections across multiple lobes. In the context of the atypical connectivity hypothesis in ASD, developmental differences in CC structure and function may represent a key neuroanatomical correlate of the disorder (22, 23). Studies have demonstrated smaller CC volumes in individuals with ASD, and ASD has been found to be more prevalent among individuals with agenesis of the CC (24). Recent meta-analytic and review studies have identified structural abnormalities in the CC tract in individuals with attention deficit hyperactivity disorder (ADHD) and ASD, particularly during the developmental transition from childhood to adulthood (25, 26). Findings from neuroimaging studies indicate that behavioral abnormalities observed in ASD may be attributed to disrupted functional connectivity across brain neural networks (27).

In this context, the development of MRI-based data for ASD represents a crucial step toward understanding the etiopathogenesis of such disorders through more detailed interpretation of neurobiological pathways, and for addressing the medical needs of children with ASD. In this study, optic nerve diameters and optic chiasm (OC) morphometry were examined as these structures reflect the integrity and functionality of the visual system during early development. It is proposed that these anatomical features may be associated with atypical visual perception and social interaction difficulties observed in ASD. The CC was included in the study due to its critical role in connectivity anomalies and impairments in cognitive-social integration reported in ASD. The volumes of the lateral, third, and fourth ventricles were assessed as potential indicators of neuroanatomical differences emerging during brain development. CP volumes were examined based on their involvement in ventricular system development and the hypothesis that they may play a role in neuroinflammatory processes increasingly associated with ASD. The aim of this study is to investigate the clinical relevance of these volumetric alterations in ASD and to determine how visual-sensory sensitivity and clinical symptomatology in individuals with ASD differ morphometrically from those in typically developing (TD) children. An additional question addressed in our cross-sectional study is the extent to which these macroscopic observational findings can predict an ASD diagnosis. Furthermore, atypical visual behavior and visual sensitivity observed in children with ASD were investigated through neuroimaging, with a focus on volumetric variations in the optic nerve and optic chiasm. Our hypothesis is that these regions—particularly the optic nerve and optic chiasm—may differ between children with ASD and TD children. We propose that the brain regions examined may be associated with symptoms related to sensory sensitivities and clinical severity in children with ASD. In our study, symptoms related to sensory sensitivities were assessed based on the individual’s responses to sensory inputs, as measured by the ‘Sensory’ and ‘Related Behaviors’ subscales of the Autism Behavior Checklist.




2 Materials and methods



2.1 Participants and procedures

Study participants were selected from children diagnosed with ASD at the Child and Adolescent Psychiatry Outpatient Clinic of Necmettin Erbakan University Faculty of Medicine Hospital, based on a review of the medical record system and the availability of appropriate neuroimaging data. Exclusion criteria included absence of neuroimaging, lack of clinical assessment scale data, history of organic brain injury or head trauma, postnatal intubation or mechanical ventilation, history of hypoxia-ischemia, known genetic disorders (including Down syndrome, Rett syndrome, Prader-Willi syndrome, Fragile X syndrome, and tuberous sclerosis), visual or hearing impairments, and chronic physical illnesses. Based on these inclusion and exclusion criteria, children diagnosed with ASD were deemed eligible and included in the study (Figure 1). In children diagnosed with ASD, brain MRI had previously been conducted as part of the assessment process to exclude underlying structural brain changes.

[image: Flowchart detailing the selection process for a study on children aged 5 to 13 years diagnosed with ASD according to DSM-5 criteria. Initial evaluation included 380 participants. After excluding 247 participants lacking required assessments and neuroimaging, 133 participants were included. Of those, 111 participants had available SCQ, AuBC, and CARS scores and completed brain morphometric measurements.]
Figure 1 | Flowchart of inclusion of participants with ASD, ASD, autism spectrum disorders; AuBC, autism behavior checklist; CARS, childhood autism rating scale; SCQ, social communication questionnaire; n, number.

The TD control group consisted of children who had previously undergone brain MRI for various non-neurological and non-psychiatric reasons (e.g., vertigo or headache) but had not been diagnosed with any psychiatric, neurological, or physical disorders. The TD group was selected based on medical record review, and included only those who had been previously evaluated by a certified child psychiatrist. Participants without documented psychiatric evaluation in the medical record system were excluded from the study. MRI scans were performed by a specialist radiologist at the Radiology Department of Necmettin Erbakan University Faculty of Medicine Hospital. In this study, the TD children were selected from various neuroimaging procedures conducted at the same radiology unit, and all scans were obtained using the same structural imaging sequence. MRI data from both groups were retrospectively analyzed. A total of 111 children with ASD (aged 5–13 years) and 143 age- and sex-matched TD children were included in the study.

The study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committee of the Necmettin Erbakan University Faculty of Medicine (approval date: 25 April 2025, No. 2025/5727).




2.2 Diagnostic and symptom assessment

The children with ASD and TDs were evaluated with a certificated interview using the Schedule for Affective Disorders and Schizophrenia for School-Age Children, Present and Lifetime Version (K-SADS-PL), and ASD was diagnosed in accordance with the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, criteria. The validity and reliability of the K-SADS-PL in the Turkish population was determined by Ünal et al. (28).

The Childhood Autism Rating Scale (CARS) is used to assess children older than 2 years with suspected autism and to differentiate children with autism from children with other developmental disorders (29). The scale, which has established validity and reliability in Turkish, consists of 15 items, each functioning as a subscale. Each item is rated on a scale from 1 to 4 in 0.5-point increments, resulting in a total score ranging from 15 to 60 (30). The Cronbach alpha value of the total score of the scale is 0.95.

The Autism Behavior Checklist (AuBC) was first used to describe the severity and frequency of autistic symptoms in school-age children and has been shown to be useful in young children (31). The scale consists of 57 items completed by parents and includes 5 subscales (sensorial stimulus, relationship, use of body and objects, language and personal-social development). Its validity and reliability in Turkey were determined by Yılmaz et al. (32). The cut-off score of the scale is 39, and the Cronbach alpha value of the total score of the scale is 0.92.

The Social Communication Questionnaire (SCQ), for which the Turkish version has demonstrated good reliability and validity (Cronbach’s alpha = 0.80), is a 40-item autism screening tool completed by the primary caregiver. Based on the items of the Autism Diagnostic Interview-Revised (ADI-R), the SCQ yields a total score ranging from 0 to 39. For nonverbal children, the total score ranges from 0 to 33. Each item assesses developmentally inappropriate behaviors, and higher scores are indicative of greater symptom severity (33, 34).

Evaluations in both groups were previously conducted by a specialist in child and adolescent psychiatry. For both groups, the clinician had completed sociodemographic data forms and recorded the medical history in the hospital’s electronic system. Following a review of the caregiver-reported history, the child’s developmental background and current functioning were assessed. A diagnosis of ASD was made in participants who met DSM-5 criteria, including at least two of four symptoms related to restricted and repetitive behaviors and all three symptoms related to deficits in social communication. The diagnosis was established by a qualified child psychiatrist using the DSM-5 and the K-SADS-PL. After the ASD diagnosis was confirmed, symptom severity was assessed using the SCQ, CARS, and AuBC, and the corresponding clinical scale scores were documented in the medical record system.




2.3 MRI procedures

The scans were performed using the same scanner for both the ASDs and TD controls. MRI assessment was performed through repeated measurements by the same rater. All MRI scans were evaluated by an experienced radiologist. Prior to volumetric analyses, the radiologist was blinded to the study groups (participants with ASD and TD controls). Only age and sex information were provided to the evaluator; diagnostic group assignments were concealed. Blinding was achieved by randomly coding the MRI data and conducting the analyses independently of group identity. To assess the reliability of the MRI measurements, an intra-rater reliability analysis was conducted. The consistency between measurements was evaluated using the Intraclass Correlation Coefficient (ICC), yielding a value of 0.92. MRI images of the patients were acquired using a 1.5T MAGNETOM Aera MRI scanner (Siemens, Erlangen, Germany). The parameters for the MRI sequences utilized for the measurements were as follows: 3D isotropic T1 MPRAGE (slice thickness: 1 mm, matrix: 256x256, echo time: 3.14 ms, repetition time: 1520 ms, flip angle: 8 degrees, field of view: 250 mm), 2D FLAIR in the axial plane (slice thickness: 4 mm, matrix: 256x128, echo time: 92 ms, repetition time: 5300 ms, inversion time: 1875 ms, flip angle: 150 degrees, field of view: 250 mm), and T2 turbo spin echo in the coronal plane (slice thickness: 4 mm, matrix: 256x132, echo time: 92 ms, repetition time: 5120 ms, flip angle: 150 degrees, field of view: 250 mm). For reconstruction and volume measurement from the MR images, Syngo.via (Siemens, Erlangen, Germany) and the open-source 3D-Slicer applications were employed (35). Segmentation of the measured volumes was performed manually (Figure 2).

[image: Four MRI brain scans labeled a, b, c, and d. Image a shows colored regions in the corpus callosum. Image b highlights the corpus callosum in red. Image c outlines a central structure in yellow. Image d marks the optic nerves in red with “OLR” and “OLL”.]
Figure 2 | Manually segmented choroid plexus (a), corpus callosum (b), optic chiasm (c), and optic nerves (d) from the acquired MR images are shown.




2.4 Statistical analyses

The Python programming language (Python Software Foundation, https://www.python.org/) was used for multiple logistic regression analysis, while statistical analyses were performed using SPSS version 26.0 (SPSS Inc., Chicago, IL). Depending on the distribution characteristics, age and brain morphometric parameters were compared between the two groups using either the Student’s t-test or the Mann–Whitney U test. The chi-square test was used to assess the frequency distribution of categorical variables between groups. Normal distribution was determined based on skewness and kurtosis values, with values between −2 and +2 considered acceptable (36). A significance level of p < 0.05 was accepted within a 95% confidence interval. To minimize the risk of Type II error due to multiple variables, multivariate analyses were performed. Age, total brain volume, and sex were included as covariates, and brain morphometric parameters were compared between groups using multivariate analysis of covariance (MANCOVA). The volumes of the third ventricle were logarithmically transformed to achieve normal distribution. Since the MANCOVA test revealed a significant difference between the groups, follow-up univariate analyses of covariance (ANCOVA) were conducted for each outcome variable.

Effect sizes for both parametric and non-parametric comparisons were estimated using Cohen’s d and Cramér’s V for categorical variables. According to conventional benchmarks, Cohen’s d values ≥ 0.8 were considered large, 0.5–0.7 intermediate, 0.2–0.4 small, and < 0.2 no effect (37, 38). Correlations between brain morphometric measurements and clinical variables were assessed using Pearson’s correlation for parametric data and Spearman’s correlation for non-parametric data.

In addition, a multiple logistic regression model was applied to evaluate the potential effects of morphometric variables on the ASD diagnosis. Considering the Cohen’s d effect size, sample sizes, alpha level (α=0.05) and intergroup sample ratio, post-hoc power was calculated for each morphometric measurement.





3 Results

A total of 254 participants were included in the study, comprising 111 children diagnosed with ASD and 143 typically developing (TD) controls. No statistically significant differences were observed between the two groups in terms of age or sex (t = -1.170, p = 0.243 and x2 = 3.482, p = 0.062, respectively). Demographic characteristics, SCQ, CARS, and AuBC scores, as well as brain morphometric measurements of participants in both groups, are presented in Table 1.


Table 1 | Data on brain morphometric measurements, SCQ, CARS, and AuBC scales, as well as the demographic characteristics of participants in both groups.
	
	ASD (n: 111)
	TD (n: 143)
	p
	t/z/x2
	d



	Age (years)
	7.98± 4.01
	8.53 ± 3.46
	0.243
	-1.170
	0.146


	Sex
	Girl (24)
Boy (87)
	Girl (46)
Boy (97)
	0.062
	3.482
	0.117a


	Right optic nerve diameter
(mm)
	2.61 ± 0.41
	2.63 ± 0.42
	0.694
	-0.393
	0.049
0.06b


	Left optic nerve diameter
(mm)
	2.61 ± 0.40
	2.66 ± 0.39
	0.274
	-1.096
	0.138
0.19b


	Optic chiasm height
(mm)
	2.64 ± 0.55
	2.39 ± 0.44
	<0.001
	3.964
	0.494
0.97b


	Optic chiasm width
(mm)
	11.79 ± 1.40
	12.17 ± 1.46
	0.042
	-2.041
	0.025
0.53b


	Optic chiasm cross-sectional area
(mm2)
	27.49 ± 7.93
	25.86 ± 5.47
	0.055
	1.930
	0.023
0.46b


	Right CP volume
(cm3)
	1.33 ± 0.41
	1.04 ± 0.43
	<0.001
	5.402
	0.685
1.0b


	Left CP volume
(cm3)
	1.39 ± 0.47
	0.99 ± 0.36
	<0.001
	7.659
	0.952
1.0b


	Right lateral ventricle volumec (cm3)
	6.31 ± 5.18
	5.30 ± 4.48
	0.059
	-1.887
	0.209
0.37b


	Left lateral ventricle volumec
(cm3)
	6.56 ± 6.51
	5.56 ± 5.37
	0.066
	-1.837
	0.168
0.26b


	Third ventricle volumec
(cm3)
	0.60 ± 0.40
	0.68 ± 0.35
	0.001
	-3.221
	0.199
0.34b


	Fourth ventricle volume
(cm3)
	1.59 ± 0.64
	1.54 ± 0.47
	0.478
	0.710
	0.088
0.10b


	CC volume
(cm3)
	3.55 ± 1.01
	3.32 ± 0.72
	0.037
	2.100
	0.260
0.53b


	Total brain volume
(cm3)
	1171.76 ± 137.70
	1194.89 ± 113.32
	0.143
	-1.468
	0.018
0.30b


	CARS
	33.35 ± 6.70
	–
	–
	–
	–


	AuBC sensorial stimulus
	7.92 ± 3.09
	–
	–
	–
	–


	AuBC relationship
	28.05 ± 5.12
	–
	–
	–
	–


	AuBC use of body and objects
	29.56 ± 5.18
	–
	–
	–
	–


	AuBC language
	22.04 ± 6.03
	–
	–
	–
	–


	AuBC personal-social development
	15.46 ± 2.53
	–
	–
	–
	–


	SCQ Total score
	31.25 ± 3.64
	–
	–
	–
	–





ASD, autism spectrum disorder; TD, typically developing control; CP, choroid plexus; CC, corpus callosum; AuBC, autism behavior checklist; CARS, childhood autism rating scale; SCQ, social communication questionnaire; d, Cohen’s d effect size.


a Cramér’s V effect size,

b Post-hoc power analysis,

c Mann-Whitney U.



Bold values indicate statistically significant results.



Optic chiasm height, right and left choroid plexus volumes, and corpus callosum volume were significantly higher in the ASD group compared to the TD group (t = 3.964, p < 0.001; t = 5.402, p < 0.001; t = 7.659, p < 0.001; t = 2.100, p = 0.037, respectively). In contrast, optic chiasm width and third ventricle volume were significantly lower in the ASD group compared to the TD group (t = -2.041, p = 0.042; z = -3.221, p = 0.001, respectively). No significant differences were found between the two groups in terms of optic nerve volumes, optic chiasm cross-sectional area, lateral ventricle volumes, fourth ventricle volume, or total brain volume. Left CP volume was observed to have a large effect sizes (Cohen’s d= 0.952). Post-hoc power analyses related to the brain morphometric measurements are presented in Table 1.

Brain MRI parameters for both groups are presented in Figures 3 and 4. In the multiple logistic regression analysis, left CP volume (β = 2.82, p < 0.001), third ventricle volume (β = -1.95, p = 0.001), CC volume (β = 0.48, p = 0.018), OC height (β = 0.87, p = 0.020), OC width (β = -0.49, p = 0.002), and OC cross-sectional area (β = 0.063, p = 0.050) were identified as statistically significant predictors of ASD diagnosis. The model’s log-likelihood value was -0.470 (p < 0.05). Among these, left choroid plexus volume was observed to be the strongest predictor (Figure 5).

[image: Six box plots compare the volumes of the choroid plexus and ventricles between ASD and TD groups. The right and left choroid plexus volumes show significant differences (p < 0.001). Right lateral ventricle volume shows a trend (p = 0.059), while the left does not (p = 0.066). Third ventricle volume is significantly different (p = 0.001), whereas the fourth ventricle volume shows no significant difference (p = 0.478).]
Figure 3 | Box plots illustrating the distribution of total choroid plexus and lateral ventricle volumes, as well as third and fourth ventricle volume levels, in children diagnosed with autism spectrum disorder (ASD) and typically developing (TD) control children. The Mann–Whitney U test was used to compare lateral ventricle volumes and third ventricle volume levels between the two groups.

[image: Six box plots compare measurements between ASD and TD groups. Plots illustrate corpus callosum volume, right and left optic nerve diameters, optic chiasm height, width, and cross-sectional area. Significant variations are indicated with p-values, notably corpus callosum volume (p = 0.037) and optic chiasm height (p < 0.001).]
Figure 4 | Box plots showing the distribution of morphometric measurements of the optic nerve, optic chiasm, and corpus callosum in children diagnosed with autism spectrum disorder (ASD) and typically developing (TD) control children.

[image: Horizontal bar chart depicting various brain structure measurements against beta coefficients. Left CP volume has the largest positive coefficient, while OC width and OC cross-sectional area show negative coefficients. Other measurements vary in beta coefficient values.]
Figure 5 | Multiple logistic regression model coefficients, CP, choroid plexus; CC, corpus callosum; OC, optic chiasm.

A MANCOVA was performed to avoid type II errors caused by the multi-test effect and to control for confounding factors such as total brain volume, sex and age. The MANCOVA revealed a significant difference between the groups [Pillai’s trace V = 0.357, F(6.244) = 22.549, p < 0.001, ηp2 = 0.357]. The same variables were taken as covariates in the ANCOVA to determine the variables that caused the differences between the groups. The results were unchanged, and the OC height [F(1.249) = 16.121, p < 0.001, ηp2 = 0.069], right CP volume [F(1.249) = 32.814, p < 0.001, ηp2 = 0.235], left CP volume [F(1.249) = 66.821, p < 0.001, ηp2 = 0.297], and CC volume [F(1.249) = 5.373, p = 0.021, ηp2 = 0.089] were significantly higher, whereas the OC width [F(1.249) = 2.591, p = 0.109, ηp2 = 0.209] and log-third ventricle volume [F(1.249) = 11.487, p = 0.001, ηp2 = 0.086] were significantly lower. The ANCOVA results, after controlling for total brain volume, sex, and age, are presented in Table 2.


Table 2 | Comparison of OC, CP, CC, and third ventricle volume levels between the two groups according to ANCOVA.
	Total samples ANCOVAa
	ASD (n: 111)
	TD (n: 143)
	F (1.249)
	p
	ηp2
	Observed power


	Mean
	SD
	Mean
	SD



	OC height
	2.64
	0.55
	2.39
	0.44
	16.121
	< 0.001
	0.069
	0.979


	OC width
	11.79
	1.40
	12.17
	1.46
	2.591
	0.109
	0.209
	0.361


	Right CP volume
	1.33
	0.41
	1.04
	0.43
	32.814
	< 0.001
	0.235
	1.000


	Left CP volume
	1.39
	0.47
	0.99
	0.36
	66.821
	< 0.001
	0.297
	1.000


	CC volume
	3.55
	1.01
	3.32
	0.72
	5.373
	0.021
	0.089
	0.636


	Log-Third ventricle volume
	-0.29
	0.26
	-0.20
	0.18
	11.487
	0.001
	0.086
	0.922





CP, choroid plexus; CC, corpus callosum; OC, optic chiasm; ANCOVA, analysis of covariance; ASD, autism spectrum disorder; TD, typically developing controls.


a Covariates: total brain volume, age and sex.



Bold values indicate statistically significant results.



In the ASD group, correlations between SCQ, CARS, and AuBC scale scores and brain morphometric parameters were assessed using Pearson’s and Spearman’s correlation tests. Right lateral ventricle and fourth ventricle volumes showed weak positive correlations (r= 0.193, p= 0.042; r= 0.227, p= 0.017, respectively) with the total SCQ score, while right and left optic nerve diameters were weak positively correlated with the AuBC sensorial stimulus scores (r= 0.190, p= 0.045; r= 0.204, p= 0.032, respectively). OC height and OC cross-sectional area were weak positively correlated with CARS (r = 0.289, p = 0.002; r = 0.300, p = 0.001, respectively), AuBC relationship scores (r = 0.314, p = 0.001; r = 0.262, p = 0.006, respectively), and AuBC use of body and objects scores (r = 0.307, p = 0.001; r = 0.248, p = 0.009, respectively). Additionally, OC width showed weak positive correlations with CARS and AuBC use of body and objects scores (r= 0.271, p= 0.004; r= 0.306, p= 0.001, respectively). However, OC height showed a weak negative correlation with the AuBC personal-social development score, and OC cross-sectional area was weak negatively correlated with the AuBC language score (r= -0.208, p= 0.028; r= -0.230, p= 0.015, respectively). No correlation was found between the other variables (Table 3).


Table 3 | Correlation coefficients between brain morphometric measurement levels and CARS, SCQ and AuBC scores.
	Brain Morphometric Measurements
	CARS
	SCQ
	AuBC sensorial stimulus
	AuBC relationship
	AuBC use of body and objects
	AuBC language
	AuBC personal-social development



	Right CP
	p
r
	0.560
0.056
	0.335
-0.092
	0.712
-0.035
	0.926
-0.009
	0.276
0.104
	0.994
-0.001
	0.694
0.038


	Left CP
	p
r
	0.415
0.078
	0.536
-0.059
	0.634
-0.046
	0.465
-0.070
	0.471
0.069
	0.407
0.080
	0.721
0.034


	Right LV
	p
r
	0.475
0.069
	0.042
0.193
	0.971
0.004
	0.118
-0.149
	0.114
0.151
	0.750
-0.031
	0.461
0.071


	Left LV
	p
r
	0.665
0.042
	0.061
0.178
	0.278
0.104
	0.431
-0.075
	0.171
0.131
	0.986
0.002
	0.576
0.054


	Third ventricle
	p
r
	0.844
0.019
	0.074
0.170
	0.778
0.027
	0.167
-0.132
	0.425
0.076
	0.966
-0.004
	0.703
-0.037


	Fourth ventricle
	p
r
	0.910
0.011
	0.017
0.227
	0.551
0.057
	0.792
-0.025
	0.242
0.112
	0.321
0.095
	0.106
0.154


	CC
	p
r
	0.751
-0.030
	0.822
0.022
	0.392
0.082
	0.513
-0.063
	0.427
-0.076
	0.319
0.095
	0.829
-0.021


	Right optic nerve diameter
	p
r
	0.865
0.016
	0.061
0.179
	0.045
0.190
	0.751
-0.030
	0.636
-0.045
	0.565
-0.055
	0.669
0.041


	Left optic nerve diameter
	p
r
	0.479
-0.068
	0.129
0.145
	0.032
0.204
	0.372
-0.086
	0.380
-0.084
	0.955
-0.005
	0.318
0.096


	OC height
	p
r
	0.002
0.289
	0.656
-0.043
	0.781
-0.027
	0.001
0.314
	0.001
0.307
	0.065
-0.176
	0.028
-0.208


	OC width
	p
r
	0.004
0.271
	0.825
0.021
	0.362
-0.087
	0.193
0.124
	0.001
0.306
	0.249
-0.110
	0.889
-0.013


	OC cross-sectional area
	p
r
	0.001
0.300
	0.960
-0.005
	0.156
-0.135
	0.006
0.262
	0.009
0.248
	0.015
-0.230
	0.160
-0.134





CP, choroid plexus; CC, corpus callosum; OC, optic chiasm; LV, lateral ventricle; AuBC, autism behavior checklist; CARS, childhood autism rating scale; SCQ, social communication questionnaire.

Bold values indicate statistically significant results.






4 Discussion

To the best of our knowledge, this study is the first to investigate optic nerve and optic chiasm morphometry using MRI in children diagnosed with ASD, as well as the relationship between these morphometric differences and ASD symptom severity. Optic chiasm height, right and left choroid plexus volumes, and corpus callosum volumes were significantly higher in the ASD group compared to the TD group (regardless of total brain volume, sex and age). Optic chiasm width and third ventricle volume were significantly lower in the ASD group compared to the TD group, regardless of total brain volume, sex, and age. No significant differences were found between the two groups in optic nerve volumes, optic chiasm cross-sectional area, lateral ventricle volumes, fourth ventricle volume, or total brain volume. Multiple logistic regression analysis revealed that left choroid plexus volume was more strongly associated with ASD diagnosis compared to other morphometric variables.



4.1 Optic nerve morphometry in ASD

In our study, the height levels of the optic chiasm were significantly higher in the ASD group compared to the TD group, whereas the width of the optic chiasm was significantly lower in the ASD group than in the TD group. A review of the literature shows that visual studies related to ASD have predominantly focused on the retinal layers rather than the optic nerve. In line with this, it has been reported that children with ASD exhibit significantly reduced average choroidal thickness and volumes of the ganglion cell layer and inner plexiform layer in both eyes compared to controls 9. In an optical coherence tomography (OCT)-based study, participants with ASD demonstrated higher optic nerve head (ONH) perfusion density in the peripapillary inferior quadrant, greater macular thickness, increased peripapillary retinal nerve fiber layer (pRNFL) thickness in the inferior clock-hour sectors, and higher macular vessel density compared to TDs (39). In adults diagnosed with ASD, reduced macular and outer nuclear layer thickness compared to controls has also been reported, and decreased macular thickness has been found to be significantly and inversely associated with the severity of autistic symptoms (40). Using OCT, a significantly increased thickness of the ellipsoid zone, where cone photoreceptors are located, has been observed in children with ASD compared to TDs (5). The RNFL, primarily composed of ganglion cell axons that synapse directly with the lateral geniculate nucleus (LGN), may represent an appropriate region for analysis in CNS studies (41). Moreover, ganglion cells, whose axons form the optic nerve, have been shown to be particularly vulnerable to damage and neurodegeneration (42). A recent meta-analysis reported that patients with schizophrenia spectrum disorders exhibit significantly reduced ganglion cell layer thickness compared to healthy controls. Furthermore, it has been observed that the thickness of these layers may be influenced by antipsychotic medication use (43, 44). Patients with major depressive disorder have been reported to exhibit significantly reduced RNFL and macular thickness compared to healthy controls, and this thinning has been associated with both sleep quality and the severity of depressive symptoms (45). A reduction in RNFL thickness has been observed to be associated with neuroinflammation and neurodegeneration (46).

A recent review also noted that pale-appearing optic discs in children diagnosed with ASD are often associated with optic nerve atrophy or hypoplasia, suggesting that monitoring the optic nerve may be useful for assessing potential progressive neurodegeneration in ASD (47). White matter abnormalities associated with atypical myelination have been reported in ASD, and such disruptions may impair optic nerve development. Additionally, the optic pit originates from the forebrain during embryonic development. Abnormal brain development in individuals with autism may lead to visual impairments related to the neural retina. Furthermore, the development of the optic nerve and neural retina can be disrupted due to the loss of oligodendrocytes, which are responsible for myelination. Myelin expression in oligodendrocytes is regulated by WNT/β-catenin signaling, a pathway that has been reported to be altered in ASD (6, 48, 49). In ASD animal models induced by valproic acid, it has been observed that valproic acid can cause developmental delays in the formation of retinal neurons by affecting the WNT signaling pathway, which in turn may influence visual behaviors (50, 51). Approximately 30% of children diagnosed with optic nerve hypoplasia and septo-optic dysplasia have been reported to exhibit comorbid ASD (52). In relation to the optic nerve, the retinal layer has been reported to initially thicken due to early neuroinflammation, followed by thinning associated with subsequent neurodegeneration (53). Neuroinflammatory processes observed in ASD have been reported to lead to neuronal damage and disruption of synaptic connectivity, which may contribute to the progression of clinical symptoms (54). In our study, the observed increase in optic chiasm height and decrease in optic chiasm width in ASD were not clearly demonstrated to be related to neuroinflammation or age-related changes. The reduced optic chiasm width may be associated with retinal layer thinning observed in ASD; however, the nature of this relationship remains unclear. Considering that retinal and optic nerve morphometry may vary depending on factors such as age and psychotropic medication use, further studies with larger sample sizes, inclusion of individuals on medication, and the use of advanced analytical methods such as OCT are needed to better understand the association of this finding with ASD.

In our study, OC height levels showed a weak positive correlation with CARS scores, AuBC relationship scores, and AuBC use of body and objects scores, while OC width levels were weak positively correlated with CARS and AuBC use of body and objects scores. Conversely, OC height exhibited a weak negative correlation with AuBC personal-social development scores. Previous studies investigating the relationship between the visual system and clinical symptomatology in ASD have primarily focused on retinal alterations. In this context, various studies have reported that retinal layer abnormalities observed in ASD are associated with increased symptom severity (6, 9, 40, 55). Abnormal development of the visual cortex in the early stages of ASD suggests the possibility of disrupted visual information transmission from retinal ganglion cells to the visual cortex (56). In ASD, retinal dysfunction has been observed to be accompanied by cortical functional impairments, and this has been linked to various social and communicative difficulties associated with the disorder (57, 58). In individuals with ASD who exhibit marked impairments in verbal intelligence, a thinner RNFL has been demonstrated (41). In a study focusing on the olfactory bulb, which is anatomically adjacent to the optic nerve, olfactory bulb volumes in individuals with ASD were reported to show a positive correlation with AuBC use of body and objects scores (59). The retina and cerebral cortex both originate from the embryonic prosencephalon, one of the three primary brain vesicles. During the early stages of neurodevelopment, the prosencephalon differentiates into the optic vesicles—which will give rise to the retina and optic nerve—and the telencephalic vesicles, which will later develop into various structures including the cerebral cortex (60). The retina is often referred to as a ‘window to the brain’ due to its embryological origin from the same germ layer as the brain and its cellular similarities. As such, changes occurring in the brain can potentially be inferred through direct observation of the retina (44). A recent review reported that clinical features observed in children diagnosed with ASD are also present in children with visual impairments, and that the visual system shows a positive correlation with social-communicative skills. According to the AuBC, the prevalence of an ASD diagnosis among children with visual impairments was found to be 23.5%. In visually impaired children, language and communication difficulties may arise as a consequence of visual deficits (61). The variability in optic chiasm measurements observed in ASD in our study may be related to abnormal sensory sensitivities, as suggested by previous research. This finding highlights the need for further longitudinal studies incorporating MRI and other advanced neuroimaging techniques to clarify the relationship between optic chiasm alterations, clinical symptoms, and atypical sensory processing in ASD. To gain a better understanding of visual impairments in this population, future studies should include detailed evaluations of both the optic nerve and retinal layers. Moreover, further research utilizing objective or subjective tools for assessing sensory characteristics (e.g., Sensory Profile 2) is needed to more clearly investigate the relationship between the diameters of the right and left optic nerves and sensory response scores on the AuBC.




4.2 Choroid plexus and ventricular volumes in ASD

In our study, right and left CP volumes were significantly higher in the ASD group compared to the TD group. To the best of our knowledge, only two MRI studies have investigated CP volume in ASD. A large-scale retrospective analysis including structural brain MRIs of 1,769 individuals with ASD and 1,996 TD controls (aged 0–32 years) reported increased CP and ventricular volumes in the ASD group (62). Another study also reported abnormalities in the left choroid plexus in individuals with ASD compared to TD controls (63). The volumetric enlargement of the choroid plexus observed in ASD has been reported to be potentially associated with increased levels of inflammatory cytokines in the CSF (64). Increased choroid plexus and ventricular volumes have also been reported in patients with schizophrenia spectrum disorders and major depressive disorder compared to healthy controls (13, 65, 66). The CP, which plays a role in cerebrospinal fluid (CSF) production, has also been observed to synthesize cytokines, neurotrophic factors, and peptides such as insulin-like growth factor (IGF) (18). Increased CSF volume has been reported in individuals with ASD compared to TD controls, and this has been suggested to be associated with impaired neurogenesis and heightened neuroinflammatory activity in the choroid plexus (67). Several studies have reported elevated levels of proinflammatory cytokines as well as increased IGF-1 and IGF-2 concentrations in the CSF of individuals with ASD compared to controls (14, 68, 69). As reported in a meta-analysis, neuroinflammatory activity in ASD has been observed not only in the CSF but also in peripheral blood (70). The increased CP volumes observed in our study in individuals with ASD are consistent with previous findings. However, neuroinflammation was not assessed and CSF analysis was not performed in our study. Given that CP enlargement in ASD may vary with age and be influenced by underlying neuroinflammatory processes, future studies should include more detailed evaluations of CSF and markers of neuroinflammation. In this context, advanced analyses integrating CSF, peripheral blood biomarkers, and CP volumetric measurements are warranted to better understand their interrelations and relevance to ASD.

In the regression analysis conducted in our study, the volume of the left choroid plexus was found to show a stronger association with the ASD diagnosis compared to other morphometric variables. A review of the literature suggests that this finding may be related to alterations in hemispheric dominance observed in individuals with ASD. A recent review reported greater brain activity in the left hemisphere compared to the right in individuals with ASD, which has been hypothesized to result from the left hemisphere exhibiting less atypical development than the right in ASD (71). In addition, an asymmetric increase in gray matter volume in the left postcentral gyrus — corresponding to the primary somatosensory cortex — has been reported in individuals with ASD (72). Functional neuroimaging studies have reported altered lateralization during language-related tasks in both children and adults with ASD, characterized by reduced left-hemisphere dominance and increased rightward asymmetry (73). An age-related increase in hemispheric asymmetry has also been reported in individuals with ASD (74). The association between left CP volume and ASD observed in our study may reflect atypical lateralization related to altered hemispheric dominance in ASD (75). However, asymmetry between the right and left CP morphometry could not be assessed in our study, and therefore could not be linked to ASD. Additionally, differences between left and right CP volumes were not examined. A review of the literature suggests that asymmetry measurements of the CP may hold potential significance. To more clearly demonstrate the relationship between our findings and lateralization in ASD, longitudinal studies investigating both hemispheric asymmetry and interhemispheric differences in CP volumes are warranted.

In our study, third ventricular volume was significantly lower in the ASD group compared to the TD group, whereas no significant differences were found between the groups in terms of lateral and fourth ventricular volumes. In contrast, several studies have reported larger lateral, third, and fourth ventricular volumes in individuals with ASD compared to TDs (62, 76–78). Additionally, significant asymmetrical differences in ventricular volumes have been reported in individuals with ASD compared to TDs (79). A longitudinal study reported that ASD participants with a history of prenatal hypoxic exposure had larger third ventricular volumes compared to both ASD participants without such exposure and TD controls. Furthermore, significant associations were found between prenatal hypoxic exposure and the severity of sensory dysfunction and sleep disturbances (80). In patients with first-episode psychosis and pediatric-onset bipolar disorder, lateral and third ventricular volumes have been reported to be significantly larger compared to healthy controls, and antipsychotic medication use has been suggested to influence ventricular volüme (81, 82). A reduction in ventricular volumes associated with antidepressant use has also been reported in various psychiatric disorders (83). Newly produced CSF flows from the lateral, third, and fourth ventricles into the brain cisterns and subsequently enters the subarachnoid space, covering the outer cortical surfaces of the brain. Disruptions in CSF circulation may affect the ventricles and contribute to the development of neuroinflammation (84). A recent review reported increases in 26 inflammatory cytokines in the CSF of individuals with ASD, along with elevated CSF volumes. The increase in CSF volume has been associated with ventricular enlargement, which may exert pressure on brain tissue and potentially lead to neural damage. Furthermore, CSF and ventricular volumes in ASD have been shown to be elevated compared to TD children up to the age of two, with a tendency to decrease with age (12, 85). Neuroinflammation has been shown to affect ventricular volume through increased microglial activation and elevated cytokine levels (86). The reduced third ventricular volumes observed in our study in individuals with ASD are not consistent with previous findings. This finding may vary depending on factors such as age range, psychotropic medication use, neuroimaging protocols, and segmentation techniques. Furthermore, in our study, inflammatory status could not be evaluated either centrally or peripherally in relation to ventricular morphometry in individuals with ASD, and ventricular changes were not examined through longitudinal follow-up. To better elucidate the relationship between ASD and brain ventricles, prospective longitudinal studies incorporating cerebrospinal fluid (CSF) analysis and more detailed ventricular assessments are needed.




4.3 Corpus callosum volumes in ASD

In our study, corpus callosum (CC) volumes were significantly higher in the ASD group compared to the TD group. A recent meta-analysis reported overlapping abnormalities in the corpus callosum tract during the transition from childhood to adulthood in individuals with ASD (25). In childhood ASD, reduced corpus callosum (CC) volumes have been reported in the context of abnormal white matter structure; however, age-related increases in CC volume have also been observed, which may be associated with difficulties in social communication and interaction (87). A systematic review reported that children under the age of six with ASD exhibited lower corpus callosum and cerebellar volumes compared to TDs, and that reduced CC volume was associated with hypoconnectivity between brain regions (88). A recent systematic review and meta-analysis reported reduced CC volume in children diagnosed with ASD, which has been attributed to atypical white matter structure and potentially linked to abnormal myelination (89). Another recent review reported reductions in corpus callosum white matter integrity in individuals with psychotic bipolar disorder compared to controls (90). A recent meta-analysis on ADHD reported volumetric reductions in the CC, which, similar to ASD, may be related to alterations in interhemispheric connectivity (91). In addition, it has been noted that changes in the CC are not limited to age-related variation but also exhibit sex-related differences, and that CC assessments should not rely solely on a single cross-sectional study but be supported by longitudinal follow-up studies (92). The corpus callosum alterations observed in our study may suggest that such morphometric changes can vary depending on age, sex, and the neuroimaging techniques used. To better clarify this finding, advanced longitudinal studies incorporating assessments of atypical white matter and myelination are needed.

The significant group differences observed in the morphometric parameters of the optic chiasm, along with the volumes of the choroid plexus, corpus callosum, and third ventricle, suggest that both commissural connectivity and specific neurodevelopmental deviations at the ventricular and optic pathway levels may co-occur in ASD. An integrated evaluation of these structures may enable the development of a more comprehensive, systems-level model to better explain the neurobiological basis of ASD.




4.4 Strengths and limitations

The strengths of our study include the inclusion of young children in both groups, the matching of groups for age and sex, and the consideration of confounding factors such as total brain volume, age, and sex. Morphometric analyses were conducted using a multivariate logistic regression model to predict autism diagnosis. Additionally, post-hoc power analyses were performed to assess the adequacy of the sample size for the morphometric analyses. To our knowledge, this is the first MRI-based study to investigate optic nerve and optic chiasm morphometry in children with ASD and to examine the impact of these morphometric differences on clinical severity in ASD.

However, our study has several limitations. ASD diagnoses were established based on clinical evaluation according to DSM-5 criteria, without the use of specialized assessment tools such as the Autism Diagnostic Observation Schedule (ADOS) or the Autism Diagnostic Interview (ADI). Neuroimaging data were obtained at a single time point, preventing analysis of the effects of comorbid psychiatric disorders, which may emerge during follow-up, on the brain regions studied. Changes in brain morphometric measurements over time related to sex and age were not examined, nor was the relationship between these changes and CSF symptom severity assessed through repeated measurements. Additionally, potential sex- and age-specific associations of regional measurements in ASD participants were not evaluated in our study. Specific IQ measurements and socioeconomic status, which could be potential confounding factors affecting the statistical results of the morphometric analyses, were not included as covariates in our study. Additionally, specific IQ scores for participants in both groups were not available. In our study, psychotropic medication use among participants with ASD could not be included as a covariate due to limitations in the data, and the impact of such medication use could not be examined in detail. This was a retrospective study utilizing previously acquired MRI data obtained for other purposes in the control group. As such, potential confounding variables and the lack of control over imaging parameters in typically developing participants could not be fully assessed in terms of their possible influence on the results. Additionally, future emergence of psychiatric conditions in control participants could not be evaluated due to the absence of longitudinal follow-up. Our study examined only macroscopic anatomical differences within a certain age range in both groups; measurements targeting retinal and choroidal changes, such as those obtained via optical coherence tomography (OCT), were not performed. Furthermore, advanced neuroimaging techniques such as functional MRI (fMRI) and cerebral blood flow assessments, which could evaluate functional connectivity and brain functionality, were not utilized in our morphometric analyses. This study utilized only structural MRI. Incorporating optical coherence tomography (OCT) and functional MRI (fMRI) in morphometric studies of ASD could provide better insight into how these structural differences affect brain function. Advanced studies including OCT, OCT-angiography, and fMRI are needed to more comprehensively assess structural brain function in individuals with ASD. While our study focused on macroscopic changes in the optic chiasm and optic nerve, actual visual function was not assessed. Had accurate and comprehensive visual testing been conducted, the functional capacity of optic nerve anatomy and retinal structures could have been directly measured, allowing correlations between anatomical measurements and functional outcomes. This limitation restricts our ability to clearly elucidate the impact of anatomical changes on visual function. Future research should address this limitation by investigating potential correlations between morphological parameters such as the optic nerve and optic chiasm and visual test outcomes. In our study, symptoms related to sensory sensitivities were assessed using the AuBC; however, other advanced tools for evaluating sensory sensitivities (such as the Sensory Profile 2) were not included. Another limitation of our study is that the instrument used was not specifically designed to assess sensory characteristics. In our study, differences between the right and left CP volumes were not examined, and lateralization could not be assessed. Moreover, morphometric measurements of the visual cortex could not be included in the current analysis. In terms of neuroimaging, our study evaluated only the morphometric levels of the optic nerve, optic chiasm, corpus callosum, choroid plexus, and brain ventricles. Additionally, our study focused exclusively on children and did not include adult participants. Neuroinflammation was not assessed, CSF analysis was not performed, and potential inflammatory variables could not be correlated with morphometric measurements in the context of ASD.





5 Conclusion

In summary, we found that children with ASD aged 5 to 13 years exhibited increased OC height levels, as well as larger CP and CC volumes, and decreased third ventricular volumes compared to TD children. These findings suggest that OC height, CC, CP, and third ventricular volumes may play a role in the etiopathogenesis of brain development in children with ASD. Additionally, multivariate logistic regression indicated that left CP volume was more strongly associated with ASD diagnosis than other morphometric differences. Significant structural variations in optic chiasm morphometry, along with the volumes of the choroid plexus, corpus callosum, and third ventricle, may reflect ASD-specific differences in neurodevelopmental trajectories. Integrating these parameters into combined biomarker profiles through multidisciplinary assessments could not only enhance early diagnostic approaches but also provide a structural reference framework for targeted interventions. Nevertheless, further research is needed to better understand the potential roles of these brain regions in ASD, to evaluate visual-sensory sensitivity through brain morphometric analyses, and to identify abnormal social-communicative behaviors using neuroimaging techniques.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committee of the Necmettin Erbakan University Faculty of Medicine (approval date: 25 April 2025, No. 2025/5727). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

MT: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Resources, Validation, Visualization, Writing – original draft, Writing – review & editing. AA: Project administration, Supervision, Writing – original draft, Writing – review & editing. HF: Project administration, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, and/or publication of this article.




Acknowledgments

We thank all participants for providing data.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 American Psychiatric Association. Diagnostic and statistical manual of mental disorders. American psychiatric association (2013).


	 Wrzesińska M, Kapias J, Nowakowska-Domagała K, Kocur J. Visual impairment and traits of autism in children. Psychiatria polska. (2017) 51:349–58. doi: 10.12740/PP/OnlineFirst/61352, PMID: 28581542


	 Do B, Lynch P, Macris EM, Smyth B, Stavrinakis S, Quinn S, et al. Systematic review and meta-analysis of the association of Autism Spectrum Disorder in visually or hearing impaired children. Ophthalmic Physiol optics: J Br Coll Ophthalmic Opticians (Optometrists). (2017) 37:212–24. doi: 10.1111/opo.12350, PMID: 28211175


	 Chen Y, Xi Z, Saunders R, Simmons D, Totsika V, Mandy W. A systematic review and meta-analysis of the relationship between sensory processing differences and internalising/externalising problems in autism. Clin Psychol review. (2024) 114:102516. doi: 10.1016/j.cpr.2024.102516, PMID: 39515075


	 Li M, Wang Y, Gao H, Xia Z, Zeng C, Huang K, et al. Exploring autism via the retina: Comparative insights in children with autism spectrum disorder and typical development. Autism research: Off J Int Soc Autism Res. (2024) 17:1520–33. doi: 10.1002/aur.3204, PMID: 39075780


	 Xiao J, Zhu H, Kong W, Jiang X, Wu C, Chen JG, et al. Stabilizing axin leads to optic nerve hypoplasia in a mouse model of autism. Exp eye Res. (2024) 245:109988. doi: 10.1016/j.exer.2024.109988, PMID: 38964496


	 Perna J, Bellato A, Ganapathy PS, Solmi M, Zampieri A, Faraone SV, et al. Association between Autism Spectrum Disorder (ASD) and vision problems. A systematic review and meta-analysis. Mol Psychiatry. (2023) 28:5011–23. doi: 10.1038/s41380-023-02143-7, PMID: 37495888


	 Dahl S, Wickström R, Ek U, Teär Fahnehjelm K. Children with optic nerve hypoplasia face a high risk of neurodevelopmental disorders. Acta paediatrica (Oslo Norway: 1992). (2018) 107:484–9. doi: 10.1111/apa.14163, PMID: 29172231


	 Kara MZ, Örüm MH, Karadağ AS, Kalenderoğlu A, Kara A. Reduction in retinal ganglion cell layer, inner plexiform layer, and choroidal thickness in children with autism spectrum disorder. Cureus. (2023) 15:e49981. doi: 10.7759/cureus.49981, PMID: 38179343


	 Braga N, Pareto D, Mongay-Ochoa N, Rodriguez B, Appriou C, Alberich M, et al. Optic chiasm manual and automated measurements in sub-acute optic neuritis with OCT and MRI correlations. Eur J radiology. (2024) 172:111332. doi: 10.1016/j.ejrad.2024.111332, PMID: 38290202


	 Dastamooz S, Tham CCY, Yam JCS, Li M, Wong SHS, Sit CHP. A systematic review and meta-analysis on the ocular characteristics in children and adolescents with neurodevelopmental disorders. Sci Rep. (2023) 13:19397. doi: 10.1038/s41598-023-46206-9, PMID: 37938638


	 Tsujimura K, Ortug A, Alatorre Warren JL, Shiohama T, McDougle CJ, Marcus RE, et al. Structural pathways related to the subventricular zone are decreased in volume with altered microstructure in young adult males with autism spectrum disorder. Cereb Cortex (New York NY: 1991). (2025) 35(3):bhaf041. doi: 10.1093/cercor/bhaf041, PMID: 40055911


	 Hayasaki G, Chibaatar E, Watanabe K, Okamoto N, Quinn PM, Ikenouchi A, et al. Volume enlargement of the choroid plexus and brain ventricles in drug-naïve, first-episode major depressive disorder. J Affect Disord. (2024) 354:719–24. doi: 10.1016/j.jad.2024.03.101, PMID: 38521134


	 Demeestere D, Libert C, Vandenbroucke RE. Therapeutic implications of the choroid plexus-cerebrospinal fluid interface in neuropsychiatric disorders. Brain behavior immunity. (2015) 50:1–13. doi: 10.1016/j.bbi.2015.06.010, PMID: 26116435


	 Diez-Cirarda M, Yus-Fuertes M, Delgado-Alonso C, Gil-Martínez L, Jiménez-García C, Gil-Moreno MJ, et al. Choroid plexus volume is enlarged in long COVID and associated with cognitive and brain changes. Mol Psychiatry. (2025) 30:2821–30. doi: 10.1038/s41380-024-02886-x, PMID: 39815057


	 Lizano P, Lutz O, Ling G, Lee AM, Eum S, Bishop JR, et al. Association of choroid plexus enlargement with cognitive, inflammatory, and structural phenotypes across the psychosis spectrum. Am J Psychiatry. (2019) 176:564–72. doi: 10.1176/appi.ajp.2019.18070825, PMID: 31164007


	 Yasuda Y, Ito S, Matsumoto J, Okada N, Onitsuka T, Ikeda M, et al. Proposal for a novel classification of patients with enlarged ventricles and cognitive impairment based on data-driven analysis of neuroimaging results in patients with psychiatric disorders. Neuropsychopharmacol Rep. (2025) 45:e70010. doi: 10.1002/npr2.70010, PMID: 40011069


	 Tanabe M, Saito Y, Takasaki A, Nakano K, Yamamoto S, Suzuki C, et al. Role of immature choroid plexus in the pathology of model mice and human iPSC-derived organoids with autism spectrum disorder. Cell Rep. (2025) 44:115133. doi: 10.1016/j.celrep.2024.115133, PMID: 39731733


	 Gong W, Wang Y, Zou H, Huang Y, Shen A, Zhai Q, et al. Choroid plexus enlargement correlates with cognitive impairment and brain atrophy in patients with mood disorders. J Affect Disord. (2025) 379:370–8. doi: 10.1016/j.jad.2025.03.047, PMID: 40088982


	 Brunner G, Gajwani R, Gross J, Gumley A, Timmerman RH, Taylor R, et al. Choroid plexus morphology in schizophrenia and early-stage psychosis: A cross-sectional study. Schizophr Res. (2025) 275:107–14. doi: 10.1016/j.schres.2024.12.005, PMID: 39693679


	 García-Juárez M, García-Rodríguez A, Cruz-Carrillo G, Flores-Maldonado O, Becerril-Garcia M, Garza-Ocañas L, et al. Intermittent fasting improves social interaction and decreases inflammatory markers in cortex and hippocampus. Mol neurobiology. (2025) 62:1511–35. doi: 10.1007/s12035-024-04340-z, PMID: 39002056


	 Qing P, Zhang X, Liu Q, Huang L, Xu D, Le J, et al. Structure-function coupling in white matter uncovers the hypoconnectivity in autism spectrum disorder. Mol autism. (2024) 15:43. doi: 10.1186/s13229-024-00620-6, PMID: 39367506


	 Zhao G, Cheng A, Shi J, Shi P, Guo J, Yin C, et al. Large-scale EM data reveals myelinated axonal changes and altered connectivity in the corpus callosum of an autism mouse model. Front neuroinformatics. (2025) 19:1563799. doi: 10.3389/fninf.2025.1563799, PMID: 40290520


	 Lefebvre A, Beggiato A, Bourgeron T, Toro R. Neuroanatomical diversity of corpus callosum and brain volume in autism: meta-analysis, analysis of the autism brain imaging data exchange project, and simulation. Biol Psychiatry. (2015) 78:126–34. doi: 10.1016/j.biopsych.2015.02.010, PMID: 25850620


	 Zhang K, Fu Z, Lai Q, Zhao Y, Liu J, Cao Q. The shared white matter developmental trajectory anomalies of attention-deficit/hyperactivity disorder and autism spectrum disorders: A meta-analysis of diffusion tensor imaging studies. Prog Neuropsychopharmacol Biol Psychiatry. (2023) 124:110731. doi: 10.1016/j.pnpbp.2023.110731, PMID: 36764642


	 Halliday AR, Vucic SN, Georges B, LaRoche M, Mendoza Pardo MA, Swiggard LO, et al. Heterogeneity and convergence across seven neuroimaging modalities: a review of the autism spectrum disorder literature. Front Psychiatry. (2024) 15:1474003. doi: 10.3389/fpsyt.2024.1474003, PMID: 39479591


	 Faraji R, Ganji Z, Zamanpour SA, Nikparast F, Akbari-Lalimi H, Zare H. Impaired white matter integrity in infants and young children with autism spectrum disorder: What evidence does diffusion tensor imaging provide? Psychiatry Res Neuroimaging. (2023) 335:111711. doi: 10.1016/j.pscychresns.2023.111711, PMID: 37741094


	 Ünal F, Öktem F, Çetin Çuhadaroğlu F, Çengel Kültür Se, Akdemir D, Foto Özdemir D, et al. Okul Çağı Çocukları için Duygulanım Bozuklukları ve Şizofreni Görüşme Çizelgesi-Şimdi ve Yaşam Boyu Şekli-DSM-5 Kasım 2016-Türkçe Uyarlamasının (ÇDŞG-ŞY-DSM-5-T) Geçerlik ve Güvenirliği. Turk Psikiyatri Dergisi. (2019) 30(1):42–50.


	 Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification of childhood autism: Childhood Autism Rating Scale (CARS). J Autism Dev Disord. (1980) 10:91–103. doi: 10.1007/BF02408436, PMID: 6927682


	 Gassaloğlu Sİ, Baykara B, Avcil S, Demiral Y. Çocukluk Otizmi Derecelendirme Ölçeği Türkçe formunun geçerlik ve güvenilirlik çalışması. Türk Psikiyatri Dergisi. (2016) 27:266–74.


	 Krug DA, Arick J, Almond P. Behavior checklist for identifying severely handicapped individuals with high levels of autistic behavior. J Child Psychol psychiatry Allied disciplines. (1980) 21:221–9. doi: 10.1111/j.1469-7610.1980.tb01797.x, PMID: 7430288


	 Yilmaz Irmak T, Tekinsav Sütcü Gs, Aydin Aci A, Sorias O. Otizm Davranış Kontrol Listesinin (ABC) geçerlik ve güvenirliğinin incelenmesi. Çocuk ve Gençlik Ruh Sağlığı Dergisi. (2007) 14:13–23.


	 Rutter M. The social communication questionnaire. Western psychol Serv. (2003).


	 Avcil S, Baykara B, Baydur H, Münir KM, Emiroğlu Nİ. 4–18 yaş aralığındaki otistik bireylerde sosyal iletişim ölçeği Türkçe formunun geçerlik ve güvenilirlik çalışması. Turk psikiyatri dergisi = Turkish J Psychiatry. (2015) 26:56–64.


	 Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin J-C, Pujol S, et al. 3D Slicer as an image computing platform for the Quantitative Imaging Network. Magnetic resonance imaging. (2012) 30:1323–41. doi: 10.1016/j.mri.2012.05.001, PMID: 22770690


	 George D. SPSS for windows step by step: A simple study guide and reference, 17.0 update, 10/e: Pearson Education India. (2011) USA: Allyn & Bacon, Inc..


	 Cohen J. Statistical power analysis for the behavioral sciences. Routledge: Academic press (2013) 10(4):606.


	 Husted JA, Cook RJ, Farewell VT, Gladman DD. Methods for assessing responsiveness: a critical review and recommendations. J Clin Epidemiol. (2000) 53:459–68. doi: 10.1016/S0895-4356(99)00206-1, PMID: 10812317


	 Garcia-Medina JJ, Rubio-Velazquez E, Lopez-Bernal MD, Parraga-Muñoz D, Perez-Martinez A, Pinazo-Duran MD, et al. Optical coherence tomography angiography of macula and optic nerve in autism spectrum disorder: A pilot study. J Clin Med. (2020) 9(10):3123. doi: 10.3390/jcm9103123, PMID: 32992534


	 Friedel EBN, Tebartz van Elst L, Schäfer M, Maier S, Runge K, Küchlin S, et al. Retinal thinning in adults with autism spectrum disorder. J Autism Dev Disord. (2024) 54:1143–56. doi: 10.1007/s10803-022-05882-8, PMID: 36550331


	 Emberti Gialloreti L, Pardini M, Benassi F, Marciano S, Amore M, Mutolo MG, et al. Reduction in retinal nerve fiber layer thickness in young adults with autism spectrum disorders. J Autism Dev Disord. (2014) 44:873–82. doi: 10.1007/s10803-013-1939-z, PMID: 24014196


	 Blose BA, Lai A, Crosta C, Thompson JL, Silverstein SM. Retinal neurodegeneration as a potential biomarker of accelerated aging in schizophrenia spectrum disorders. Schizophr bulletin. (2023) 49:1316–24. doi: 10.1093/schbul/sbad102, PMID: 37459382


	 Boudriot E, Schworm B, Slapakova L, Hanken K, Jäger I, Stephan M, et al. Optical coherence tomography reveals retinal thinning in schizophrenia spectrum disorders. Eur Arch Psychiatry Clin Neurosci. (2023) 273:575–88. doi: 10.1007/s00406-022-01455-z, PMID: 35930031


	 Komatsu H, Onoguchi G, Jerotic S, Kanahara N, Kakuto Y, Ono T, et al. Retinal layers and associated clinical factors in schizophrenia spectrum disorders: a systematic review and meta-analysis. Mol Psychiatry. (2022) 27:3592–616. doi: 10.1038/s41380-022-01591-x, PMID: 35501407


	 Liu Y, Chen J, Huang L, Yan S, Gao D, Yang F. Association between changes in the retina with major depressive disorder and sleep quality. J Affect Disord. (2022) 311:548–53. doi: 10.1016/j.jad.2022.05.074, PMID: 35598744


	 Kalenderoglu A, Çelik M, Sevgi-Karadag A, Egilmez OB. Optic coherence tomography shows inflammation and degeneration in major depressive disorder patients correlated with disease severity. J Affect Disord. (2016) 204:159–65. doi: 10.1016/j.jad.2016.06.039, PMID: 27344626


	 Modrzejewska M, Bosy-Gąsior W. The use of optical coherence tomography and electrophysiological tests in the early diagnosis of inflammatory changes in the CNS in children with ASD-A review of contemporary literature. Int J Environ Res Public Health. (2023) 20(4):3591. doi: 10.3390/ijerph20043591, PMID: 36834288


	 Canada K, Evans TM, Pelphrey KA. Microglial regulation of white matter development and its disruption in autism spectrum disorder. Cereb Cortex (New York NY: 1991). (2025) 35(4):bhaf109. doi: 10.1093/cercor/bhaf109, PMID: 40302613


	 Bou Najm D, Alame S, Takash Chamoun W. Unraveling the role of wnt signaling pathway in the pathogenesis of autism spectrum disorder (ASD): A systematic review. Mol neurobiology. (2025) 62:4971–92. doi: 10.1007/s12035-024-04558-x, PMID: 39489840


	 DeOliveira-Mello L, Baronio D, Panula P. Zebrafish embryonically exposed to valproic acid present impaired retinal development and sleep behavior. Autism research: Off J Int Soc Autism Res. (2023) 16:1877–90. doi: 10.1002/aur.3010, PMID: 37638671


	 Sandhu A, Rawat K, Gautam V, Kumar A, Sharma A, Bhatia A, et al. Neuroprotective effect of PPAR gamma agonist in rat model of autism spectrum disorder: Role of Wnt/β-catenin pathway. Prog Neuropsychopharmacol Biol Psychiatry. (2024) 135:111126. doi: 10.1016/j.pnpbp.2024.111126, PMID: 39179196


	 Jutley-Neilson J, Harris G, Kirk J. The identification and measurement of autistic features in children with septo-optic dysplasia, optic nerve hypoplasia and isolated hypopituitarism. Res Dev disabilities. (2013) 34:4310–8. doi: 10.1016/j.ridd.2013.09.004, PMID: 24210356


	 Ge YJ, Xu W, Ou YN, Qu Y, Ma YH, Huang YY, et al. Retinal biomarkers in Alzheimer’s disease and mild cognitive impairment: A systematic review and meta-analysis. Ageing Res Rev. (2021) 69:101361. doi: 10.1016/j.arr.2021.101361, PMID: 34000463


	 Liao X, Yang J, Wang H, Li Y. Microglia mediated neuroinflammation in autism spectrum disorder. J Psychiatr Res. (2020) 130:167–76. doi: 10.1016/j.jpsychires.2020.07.013, PMID: 32823050


	 Al-Mazidi S, Alhowikan A, Elamin N, Abualnaja A, Al-Mnaizel A, Alharbi T, et al. Cognitive function and retinal biomarkers as novel approach to diagnosing and assessing autism spectrum disorder. Sci Rep. (2025) 15:17946. doi: 10.1038/s41598-025-03062-z, PMID: 40410251


	 Zhou R, Xie X, Wang J, Ma B, Hao X. Why do children with autism spectrum disorder have abnormal visual perception? Front Psychiatry. (2023) 14:1087122. doi: 10.3389/fpsyt.2023.1087122, PMID: 37255685


	 Rossignol R, Ranchon-Cole I, Pâris A, Herzine A, Perche A, Laurenceau D, et al. Visual sensorial impairments in neurodevelopmental disorders: evidence for a retinal phenotype in Fragile X Syndrome. PloS One. (2014) 9:e105996. doi: 10.1371/journal.pone.0105996, PMID: 25153086


	 Mann A, Aghababaie A, Kalitsi J, Martins D, Paloyelis Y, Kapoor RR. Neurodevelopmental impairments in children with septo-optic dysplasia spectrum conditions: a systematic review. Mol autism. (2023) 14:26. doi: 10.1186/s13229-023-00559-0, PMID: 37491272


	 Tezcan ME, Ataş AE, Göncüoğlu A, Ekici F, Kozanhan B. Are olfactory bulb volume decreases and olfactory sulcus deepening associated with atypical sensory behaviours in children with autism spectrum disorders? J Psychiatr Res. (2025) 184:176–86. doi: 10.1016/j.jpsychires.2025.02.063, PMID: 40054234


	 Remington L. Chapter 14-autonomic innervation of ocular structures. In: Clinical anatomy and physiology of the visual system (Third edition). Butterworth-Heinemann, Saint Louis (2012). p. :253–72.


	 Reynolds M, Culican SM. Visual autism. Children (Basel Switzerland). (2023) 10(4):606. doi: 10.3390/children10040606, PMID: 37189855


	 Levman J, Vasung L, MacDonald P, Rowley S, Stewart N, Lim A, et al. Regional volumetric abnormalities in pediatric autism revealed by structural magnetic resonance imaging. Int J Dev neuroscience: Off J Int Soc Dev Neurosci. (2018) 71:34–45. doi: 10.1016/j.ijdevneu.2018.08.001, PMID: 30110650


	 Chaddad A, Desrosiers C, Toews M. Multi-scale radiomic analysis of sub-cortical regions in MRI related to autism, gender and age. Sci Rep. (2017) 7:45639. doi: 10.1038/srep45639, PMID: 28361913


	 Lun MP, Johnson MB, Broadbelt KG, Watanabe M, Kang YJ, Chau KF, et al. Spatially heterogeneous choroid plexus transcriptomes encode positional identity and contribute to regional CSF production. J neuroscience: Off J Soc Neurosci. (2015) 35:4903–16. doi: 10.1523/JNEUROSCI.3081-14.2015, PMID: 25810521


	 Yakimov V, Moussiopoulou J, Roell L, Kallweit MS, Boudriot E, Mortazavi M, et al. Investigation of choroid plexus variability in schizophrenia-spectrum disorders-insights from a multimodal study. Schizophr (Heidelberg Germany). (2024) 10:121. doi: 10.1038/s41537-024-00543-4, PMID: 39706851


	 Ozdikici M. Morphometric study of the intracranial fluid spaces in schizophrenia. Neurol India. (2024) 72:817–23. doi: 10.4103/neurol-india.ni_552_21, PMID: 39216040


	 Geng Z, Tai YT, Wang Q, Gao Z. AUTS2 disruption causes neuronal differentiation defects in human cerebral organoids through hyperactivation of the WNT/β-catenin pathway. Sci Rep. (2024) 14:19522. doi: 10.1038/s41598-024-69912-4, PMID: 39174599


	 Than UTT, Nguyen LT, Nguyen PH, Nguyen XH, Trinh DP, Hoang DH, et al. Inflammatory mediators drive neuroinflammation in autism spectrum disorder and cerebral palsy. Sci Rep. (2023) 13:22587. doi: 10.1038/s41598-023-49902-8, PMID: 38114596


	 Runge K, Fiebich BL, Kuzior H, Rausch J, Maier SJ, Dersch R, et al. Altered cytokine levels in the cerebrospinal fluid of adult patients with autism spectrum disorder. J Psychiatr Res. (2023) 158:134–42. doi: 10.1016/j.jpsychires.2022.12.032, PMID: 36584491


	 Saghazadeh A, Ataeinia B, Keynejad K, Abdolalizadeh A, Hirbod-Mobarakeh A, Rezaei N. A meta-analysis of pro-inflammatory cytokines in autism spectrum disorders: Effects of age, gender, and latitude. J Psychiatr Res. (2019) 115:90–102. doi: 10.1016/j.jpsychires.2019.05.019, PMID: 31125917


	 Desaunay P, Guillery B, Moussaoui E, Eustache F, Bowler DM, Guénolé F. Brain correlates of declarative memory atypicalities in autism: a systematic review of functional neuroimaging findings. Mol autism. (2023) 14:2. doi: 10.1186/s13229-022-00525-2, PMID: 36627713


	 Deemyad T. Lateralized changes in language associated auditory and somatosensory cortices in autism. Front Syst Neurosci. (2022) 16:787448. doi: 10.3389/fnsys.2022.787448, PMID: 35300070


	 You Y, Correas A, White DR, Wagner LC, Jao Keehn RJ, Rosen BQ, et al. Mapping access to meaning in adolescents with autism: Atypical lateralization and spatiotemporal patterns as a function of language ability. NeuroImage Clinical. (2023) 39:103467. doi: 10.1016/j.nicl.2023.103467, PMID: 37454468


	 Li Z, Wang B, Yang L, Niu Y, Luo Q, Zhao S. Structure-function connectomics reveals aberrant left hemispheric developmental trajectory in autism spectrum disorder. Cereb Cortex (New York NY: 1991). (2025) 35(6):bhaf130. doi: 10.1093/cercor/bhaf130, PMID: 40474501


	 Pitzianti M, Muti M, Rapaccini V, Sarti P, Principi M, Pasini A. Hemispheric dominance and neurodevelopmental disorders: global effects for intensive motor training on white matter plasticity. Psychiatria Danubina. (2023) 35:29–41., PMID: 37994059


	 Turner AH, Greenspan KS, van Erp TGM. Pallidum and lateral ventricle volume enlargement in autism spectrum disorder. Psychiatry Res Neuroimaging. (2016) 252:40–5. doi: 10.1016/j.pscychresns.2016.04.003, PMID: 27179315


	 Wolfe FH, Auzias G, Deruelle C, Chaminade T. Focal atrophy of the hypothalamus associated with third ventricle enlargement in autism spectrum disorder. Neuroreport. (2015) 26:1017–22. doi: 10.1097/WNR.0000000000000461, PMID: 26445284


	 Shiohama T, Ortug A, Warren JLA, Valli B, Levman J, Faja SK, et al. Small nucleus accumbens and large cerebral ventricles in infants and toddlers prior to receiving diagnoses of autism spectrum disorder. Cereb Cortex (New York NY: 1991). (2022) 32:1200–11. doi: 10.1093/cercor/bhab283, PMID: 34455432


	 Richards R, Greimel E, Kliemann D, Koerte IK, Schulte-Körne G, Reuter M, et al. Increased hippocampal shape asymmetry and volumetric ventricular asymmetry in autism spectrum disorder. NeuroImage Clinical. (2020) 26:102207. doi: 10.1016/j.nicl.2020.102207, PMID: 32092683


	 Preciado C, Baida M, Li Y, Li Y, Demopoulos C. Prenatal exposure to hypoxic risk conditions in autistic and neurotypical youth: Associated ventricular differences, sleep disturbance, and sensory processing. Autism research: Off J Int Soc Autism Res. (2024) 17:2547–57. doi: 10.1002/aur.3250, PMID: 39411851


	 Gao W, Mu Q, Cui D, Zhu C, Jiao Q, Su L, et al. Alterations of subcortical structural volume in pediatric bipolar disorder patients with and without psychotic symptoms. Psychiatry Res Neuroimaging. (2025) 347:111948. doi: 10.1016/j.pscychresns.2025.111948, PMID: 39798502


	 Cuesta MJ, Lecumberri P, Cabada T, Moreno-Izco L, Ribeiro M, López-Ilundain JM, et al. Basal ganglia and ventricle volume in first-episode psychosis. A family and clinical study. Psychiatry Res Neuroimaging. (2017) 269:90–6. doi: 10.1016/j.pscychresns.2017.09.010, PMID: 28963912


	 Bolin PK, Gosnell SN, Brandel-Ankrapp K, Srinivasan N, Castellanos A, Salas R. Decreased brain ventricular volume in psychiatric inpatients with serotonin reuptake inhibitor treatment. Chronic Stress (Thousand Oaks Calif). (2022) 6:24705470221111092. doi: 10.1177/24705470221111092, PMID: 35859799


	 Shen MD. Cerebrospinal fluid and the early brain development of autism. J Neurodev Disord. (2018) 10:39. doi: 10.1186/s11689-018-9256-7, PMID: 30541429


	 Srivastava V, O’Reilly C. Characteristics of cerebrospinal fluid in autism spectrum disorder - A systematic review. Neurosci Biobehav Rev. (2025) 174:106202. doi: 10.1016/j.neubiorev.2025.106202, PMID: 40354953


	 Norden DM, Godbout JP. Review: microglia of the aged brain: primed to be activated and resistant to regulation. Neuropathology Appl neurobiology. (2013) 39:19–34. doi: 10.1111/j.1365-2990.2012.01306.x, PMID: 23039106


	 Aoki Y, Yoncheva YN, Chen B, Nath T, Sharp D, Lazar M, et al. Association of white matter structure with autism spectrum disorder and attention-deficit/hyperactivity disorder. JAMA Psychiatry. (2017) 74:1120–8. doi: 10.1001/jamapsychiatry.2017.2573, PMID: 28877317


	 Pagnozzi AM, Conti E, Calderoni S, Fripp J, Rose SE. A systematic review of structural MRI biomarkers in autism spectrum disorder: A machine learning perspective. Int J Dev neuroscience: Off J Int Soc Dev Neurosci. (2018) 71:68–82. doi: 10.1016/j.ijdevneu.2018.08.010, PMID: 30172895


	 Wang J, Christensen D, Coombes SA, Wang Z. Cognitive and brain morphological deviations in middle-to-old aged autistic adults: A systematic review and meta-analysis. Neurosci Biobehav Rev. (2024) 163:105782. doi: 10.1016/j.neubiorev.2024.105782, PMID: 38944227


	 Kiani I, Aarabi MH, Cattarinussi G, Sambataro F, Favalli V, Moltrasio C, et al. White matter changes in paediatric bipolar disorder: A systematic review of diffusion magnetic resonance imaging studiesA systematic review of diffusion magnetic resonance imaging studies. J Affect Disord. (2025) 373:67–79. doi: 10.1016/j.jad.2024.12.042, PMID: 39689732


	 Parlatini V, Itahashi T, Lee Y, Liu S, Nguyen TT, Aoki YY, et al. White matter alterations in Attention-Deficit/Hyperactivity Disorder (ADHD): a systematic review of 129 diffusion imaging studies with meta-analysis. Mol Psychiatry. (2023) 28:4098–123. doi: 10.1038/s41380-023-02173-1, PMID: 37479785


	 Shahab S, Stefanik L, Foussias G, Lai MC, Anderson KK, Voineskos AN. Sex and diffusion tensor imaging of white matter in schizophrenia: A systematic review plus meta-analysis of the corpus callosum. Schizophr bulletin. (2018) 44:203–21. doi: 10.1093/schbul/sbx049, PMID: 28449132







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Tezcan, Ataş and Ferahkaya. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
& frontiers | Frontiers in Psychiatry

Can optic nerve morphology in children with
autism spectrum disorder be associated
with atypical visual-sensory behaviors?





OEBPS/Images/fpsyt-16-1639695-g003.jpg
3,00

3,00

p< 0.001

0 U U 0 U
e < W < wL
o4 3]

(¢UID) WIN[OA mzxw_n Eom_c-_u iE|

—

p< 0.001

o =1 =1 o
< v < uL

o - —

(std) dwmnjoa snxad proioyd sy

2,50

00

i}

™D

ASD

TD

ASD

50,00

40,00

(=1 =
o o
= L=]
o4 -

40,00
30,00

(sUID) JWINJOA I[ILIJUIA [RIIE] }JO]

2y

30,00

= =

L=} (=3

f=] [=]
et

™

(s110) SWINJOA I[ILNUIA [RIINE] JYSTY

00

e}

TD

ASD

4,00

4,00

(gUId) WNJOA I[OLIJUIA )INO

o (=]

ul

a0
]

b=

(gUId) AWNJOA I[ILIJUIA _u.._.E L

00

A0

TD

ASD






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1639695-g005.jpg
Left CP volume (cm?)

Third ventricle volume (cm?) -

CC volume (cm?)

OC height (mm)

OC width (mm)

OC cross-sectional area (mm?)

-2 -1 0 1 2 3
Beta coefficient





OEBPS/Images/fpsyt-16-1639695-g001.jpg
Evaluation of the medical histories of
children aged 5 to 13 years diagnosed with
ASD according to DSM-5 criteria (n=380)

Exclusion of participants who lack the
required clinical assessment scales and
neuroimaging for the study (n=247)

Inclusion in the study of participants aged 5
to 13 years diagnosed with ASD who had
completed clinical assessment scales and
previously acquired neuroimaging (n=133)

Participants with available SCQ, AuBC, and
CARS scores in the medical record system
and completed brain morphometric
measurements (n=111)






OEBPS/Images/fpsyt-16-1639695-g002.jpg





OEBPS/Images/fpsyt-16-1639695-g004.jpg
TD

p=0.055

e
7 =
< <
g g 8 g 8 g 2 & ) 3 - 8 - g 3 g g
(urur) s3)aurerp aaxau ondo W3Ry (wrw) JySroy wseryd ondo (;urw) eaxe [RUONDIS-sSOID wisenyd ondQ
Q A
‘ | . | = =
a a 2
< bl oo
s & § & § &8 &8 g 8

el o 3] - ~ , W o o ~

(¢o) swmjoA wmsojred sndio) (urw) J3jeureIp aAzdu dndo )y A:Em.v -_%__s..anEu..o:a_O





