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Purpose: To investigate the differences in refractive status between children with autism spectrum disorders (ASD) and normal 
children, as well as the differences in the development of ocular characteristic parameters such as axial length(AL), in order to provide 
some help for eye care and subsequent rehabilitation in this group.
Patients and Methods: This cross-sectional study enrolled 95 children aged 4–12 years with ASD from the Handan region of China, 
along with 96 matched control children. All participants underwent non-cycloplegic ocular refraction and ocular biometric parameter 
measurements, aiming to explore the association between ASD and ocular refractive errors as well as ocular biometric parameters.
Results: Children with ASD exhibited significantly higher hyperopia, Spherical equivalent (SE: ASD 0.00 ±1.30 DS vs control −0.50 
±1.80 DS, p < 0.01), Cylinder (CYL: ASD −0.75 ±1.50DC vs control −0.50 ±0.50 DC, p < 0.01), shallower Anterior Chamber Depth 
(ACD) (ASD 2.93 ±0.26 vs control 3.03 ±0.34, p < 0.05) compared to controls. SE was negatively correlated with AL. The axial 
length-to-crane ratio (AL/CR), ACD, and vitreous thickness (VT) were positively correlated with lens thickness (LT) (p <0.05). 
Logistic regression analysis demonstrated that SE, CYL, AL/CR, and ACD were associated with ASD (all p-values <0.05). The 
random forest model indicated that SE (25.5%) and ACD (25.3%) were the primary predictors of ASD.
Conclusion: The detection of ocular biological characteristic parameters has significant guiding significance for correcting refractive 
errors in children with ASD. Moreover, the combined diagnosis of SE, CYL, AL/CR, and may help identify children who may benefit 
from further ASD assessment. However, the predictive utility of these parameters requires validation in prospective, larger-scale 
studies.
Keywords: autism spectrum disorder, refractive errors, ocular biometry, spherical equivalent, anterior chamber depth

Introduction
Autism spectrum disorder (ASD) is a complex neurodevelopmental condition marked by ongoing challenges in social 
interaction and communication, along with restricted and repetitive behaviors.1 These core characteristics usually appear 
in early childhood and impact various developmental domains, including cognitive, sensory, and motor functions.2 

Recent epidemiological studies reveal a rising global prevalence of ASD, with US estimates indicating that 1 in 36 
children is diagnosed with the disorder.3–5 A similar trend is observed in China, where some studies estimate the 
prevalence among children to be around 1%.6,7 Although the precise causes of ASD are complex and involve genetic, 
epigenetic, and environmental factors, there is a general consensus on the critical role of early and accurate diagnosis.8–10 
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Detecting ASD early allows for the implementation of evidence-based interventions, significantly improving develop
mental outcomes and quality of life for children with ASD and their families.

In addition to the well-known challenges in behavior and social communication, children with ASD often display 
distinctive sensory processing patterns that can affect visual function.11,12 Research worldwide consistently shows 
a higher incidence of visual impairments in this group: systematic reviews reveal that 22.5–44% of children with ASD 
have clinically significant refractive errors, with astigmatism being particularly more common compared to that in 
neurotypical children, although rates of myopia and hyperopia are similar to those in the general pediatric population.13– 

18 In China, a cross-sectional study of 292 children with ASD and intellectual disability in Beijing found astigmatism and 
ametropia in 45.1% and 47.2% of eyes, respectively, with 57.7% of refractive errors remaining uncorrected despite 
clinical need.19 Similarly, a Taiwanese study involving 3551 children with ASD revealed an increased risk for amblyopia, 
anisometropia, and strabismus.20 These findings indicate that refractive issues may be more prevalent in ASD popula
tions compared to that in normal children. Furthermore, unusual refractive status can complicate the developmental paths 
of children with ASD by affecting their ability to interact with educational materials and social settings, highlighting the 
necessity for systematic vision screening and personalized visual interventions for this vulnerable group.

In our ophthalmology clinic, we have observed that some children with neurodevelopmental disorders or growth 
retardation exhibit delayed or abnormal ocular development,21 such as structural features like a shortened axial length and 
a shallow anterior chamber. We hypothesize that, in addition to refractive errors, the visual system structure of children with 
ASD—a disorder involving extensive neurodevelopmental abnormalities—may also undergo corresponding changes. Unlike 
refractive errors, the characteristics of ocular biometric parameters (eg, axial length (AL), anterior chamber depth (ACD), and 
lens thickness (LT)) in ASD children remain inadequately studied, with limited existing literature and inconsistent conclusions. 
This study aims to systematically investigate whether these biometric parameters differ between ASD children and the control 
group. A systematic evaluation of ocular biometric parameters in ASD children will not only enhance our understanding of 
their visual development characteristics but may also provide new insights into exploring biological markers for ASD.

Current research in this area has two primary limitations: firstly, traditional ASD studies predominantly depend on 
behavioral assessments and lack quantitative analysis of ocular bioparameters; secondly, existing research on refractive 
development mainly targets typically developing populations, overlooking ASD-specific refractive paths and ocular biome
try. Importantly, anomalies in refractive parameters can degrade the quality of visual input, potentially worsening social 
avoidance behaviors in children with ASD due to sensorimotor integration processes.22,23 The underlying pathological 
mechanism of this negative cycle is not yet understood. Hence, a systematic examination of refractive development traits in 
children with ASD has significant clinical value in ophthalmology, aiding in the development of targeted screening strategies 
and introducing a new research framework for understanding neurodevelopmental issues in ASD.

In recent years, machine learning algorithms have been successfully applied to tackle complex issues in the field of 
ophthalmic refractive surgery, such as predicting myopia progression24 and optimizing refractive surgery outcomes.25 

These studies indicate that machine learning has unique advantages in processing multidimensional ocular biological 
parameters. This study aimed to explore the refractive development and ocular biometric characteristics of children with 
ASD and quantitatively measure key parameters like AL and K1. Machine learning algorithms were used to create 
a model linking refractive parameters with ASD clinical features, addressing the following questions: (1) Do children 
with ASD have a refractive development pattern that differs from that of normal developing children? (2) Can specific 
refractive anomalies (eg, high astigmatism, anisometropia) be used as biomarkers for the early identification of ASD? 
The study’s outcomes are expected to drive significant clinical advancements, leading to the creation of ASD visual 
screening protocols and enhancing visual perception quality through refractive correction. In addition, the identification 
of specific biomarkers may improve ASD screening.

Materials and Methods
Participants
The study included 95 children diagnosed with ASD, aged 4 to 12 years, recruited from 14 special education centers in 
Handan between March and June 2024. Additionally, 96 healthy children who were recruited from the same community 
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in the region and matched in age and gender were included. All participants underwent a thorough ocular examination 
following the Declaration of Helsinki guidelines, with ethical approval from Tianjin Eye Hospital (No. 022009). This 
study was registered as a clinical trial (Clinical Trials.gov ID NCT06122519). The inclusion criteria were children aged 
4–12 years with a diagnosis of ASD for > 1 year, normal intraocular pressure (IOP), and no significant ocular pathology, 
and who could cooperate with the examination. Exclusion criteria included a history of congenital cataracts, corneal 
diseases, or ocular surgery. Written informed consent was obtained from the participants’ family members or legal 
guardians.

Examination
The children with ASD and healthy controls underwent identical examinations. (1) To exclude organic ocular diseases, 
the anterior segment was examined using a handheld slit-lamp biomicroscope, and the fundus condition was assessed by 
handheld fundus photography. (2) Refraction examination included uncorrected distance vision, UCDVA (digital or 
HOTV chart), and equivalent spherical diopter. Given the common traits of gaze avoidance and cooperation difficulty in 
children with ASD, we utilized the Spot Vision screener (Welch Allyn VS100) in combination with retinoscopy for 
comprehensive refraction assessment. All refraction examinations were independently conducted by two seasoned 
optometrists. The results from the Spot Vision screener and retinoscopy were cross - validated to ensure consistency 
in data collection. (3) Ocular biometric parameters, including axial length (AL), keratometry (K1, K2), anterior chamber 
depth (ACD), and corneal astigmatism (AST), axial length to corneal radius ratio (AL/CR), Central Corneal Thickness 
(CCT), White-to-White distance (WTW), lens thickness (LT), and vitreous thickness (VT), were measured using the SW- 
9000 (Suoer, Tianjin, China), which is based on Optical Low-Coherence (OLCR) technology. The mean of 5 acceptable 
measurements was used for analysis. (4) All examiners were experienced physicians and senior optometrists specializing 
in pediatric ophthalmology. Children with ASD exhibited less cooperation during the examination process, requiring 
examiners and their special education teachers to demonstrate increased patience. The detection personnel underwent 
professional training and passed assessments before participating in data collection, strictly following operational 
standards. (5) Instruments were calibrated with a model eye before measurements, and data on refractive error and 
ocular biological parameters were collected and analyzed. (6) Refractive status was recorded as spherical equivalent 
(SE), calculated as the sphere plus half of the cylinder.26 The characteristics of emmetropia are SE between −0.50DS and 
+0.50DS. Astigmatism is characterized by CYL greater than 0.50DC, greater than 2.00DC indicates high 
astigmatism.27,28

Statistical Analysis
SPSS version 27 was used for data analysis. For normally distributed data, means and standard deviations were reported, 
and independent samples t-tests were performed. For non-normally distributed data, the median and interquartile range 
were presented, and the rank-sum test was used. Logistic regression analysis was conducted for multivariate analysis, 
with a significance level of α = 0.05.

Random forest, support vector machine models, KNN, decision tree, and naive Bayes models were used to identify 
statistically significant ASD risk predictors. Evaluation results of the different models were compared, and a reasonable 
model for machine learning was selected to discover reliable ASD risk prediction factors.

Results
The Demographic Distribution
The study included 95 children with ASD (70.5% male, 29.5% female) and 96 controls (68.8% male, 31.2% female), with 
median ages of 8 and 7 years. There were no statistically significant differences between the two groups in terms of age or 
gender (z = −0.16, p = 0.873 > 0.05 for age; z = −0.588, p = 0.557 > 0.05 for gender) (Figure 1 and Supplementary Table 1).
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Alteration in Refractive Condition
Statistical analysis was performed to assess the differences in refractive status between the control group and the ASD 
group. The findings revealed significant differences in spherical power (SPH) between the groups (SPH: ASD 0.25 ±1.10 
DS vs control −0.25 ±2.10 DS for each group, z = −4.936, p < 0.01), in cylinder (CYL: ASD −0.75 ±1.50DC vs control 
−0.50 ±0.50 DC, z = −2.744, p = 0.006 < 0.01), and in spherical equivalent (SE: ASD 0.00 ±1.30 DS vs control −0.50 
±1.80 DS, z = −3.400, p = 0.001 < 0.01). Children with ASD demonstrated a greater propensity for hyperopia and higher 
astigmatism. To depict the differences in refractive status between the two groups more clearly, violin plots of SPH, 
CYL, and SE are shown in Figure 2a–c (Supplementary Table 2).

Changes in Ocular Biological Parameters in Patients with ASD
Comparative analysis of ocular biometric parameters between the ASD group and the control group revealed statistically 
significant differences in ACD (t = 2.201, p = 0.029 <0.05) and VT (t = 2.056, p = 0.041 <0.05). The ASD group 
exhibited a lower ACD and VT than those of the control group (all p < 0.05). No statistically significant differences were 
found for the other indicators (Table 1).

Correlation Between SE and Ocular Biometric Parameters in the ASD Group
Correlation analysis of refractive status and ocular biometric parameters in children with ASD revealed a notable 
negative correlation between SE and AL (r = −0.377, p < 0.01), and between SE and AL/CR (r = −0.359, p < 0.01). 
Additionally, in the ASD group, relationship between SE and ocular biometric measurements was significant: we 
observed a negative correlation between SE and ACD (r = −0.237, p < 0.05), a significant positive correlation between 

Figure 1 Demographic distribution of the ASD group and the control group. (a) The violin plot displays two sets of age data. (b) The bar chart displays two sets of gender data.

Figure 2 Refractive status of the ASD group and the control group. (a) The violin plot displays two sets of SPH data. (b) The violin plot displays two sets of CYL data. (c) 
The violin plot displays two sets of SE data.
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SE and LT (r = 0.266, p < 0.05), and a significant negative correlation between SE and VT (r = −0.419, p < 0.01); 
however, no significant correlation of SE with K1, K2, AST, WTW, and CCT was observed (all p-values > 0.05) 
(Table 2).

Binary Logistic Regression Analysis of Refractive and Biometric Factors
Binary logistic regression analysis was performed on the refractive status and ocular biological parameters of both the 
ASD and control groups. The findings indicated that SE (OR = 1.732, 95% CI: 1.245 ~ 2.410), CYL (OR = 0.504, 95% 
CI: 0.346 ~ 0.734), AL/CR (OR = 84.505, 95% CI: 1.188 ~ 6012.705), and ACD (OR = 0.201, 95% CI: 0.043 ~ 0.930) 
were significantly associated with ASD (all p values < 0.05). Compared with the control group, children in the ASD 
group showed a greater likelihood of hyperopia, higher astigmatism diopter values, lower axial length-to-corneal radius 
ratios, and shallower anterior chamber depths. (The results of the binary logistic regression analysis were shown as 
Table 3).

When plotting ROC curves for SE, CYL, AL/CR, and ACD (with specificity on the x-axis and sensitivity on the 
y-axis), the combined diagnostic approach proved more significant than individual factors in predicting ASD risk, with 
an AUC value of 0.741 (95% CI: 66.94% ~ 81.19%). This implies that AL/CR, ACD, and refractive status (SE, CYL) 
could serve as potential predictors for ASD, and a combined assessment can identify children with high sensitivity and 
specificity for ASD. These children should undergo assessment using scales for diagnostic confirmation. Early detection 
of these ocular biological parameters may enable more proactive clinical interventions, thereby improving the visual and 
developmental outcomes for children at high risk or already diagnosed with ASD. (The ROC curve is shown in 
Figure 3a, The ROC AUC summary is shown in Supplementary Table 3).

Table 1 Ocular Biological Parameters of the ASD Group and the Control Group

Group M (x� s) t value p value

Control Group (n = 96) ASD Group (n = 95)

K2 44.04 ±1.43 44.13 ±1.89 −0.361 0.719

ACD 3.03 ±0.34 2.93 ±0.26 2.201 0.029*

VT 16.23 ±1.30 15.88 ±0.98 2.056 0.041*

Group M (M±Q) Z value p value

Control Group (n = 96) ASD Group (n = 95)

AL 23.19 ±1.70 22.94 ±1.30 −1.683 0.092

K1 42.88 ±1.70 42.59 ±1.60 −0.815 0.415

AST −1.14 ±0.70 −1.22 ±1.20 −0.964 0.335

AL/CR 2.94 ±0.20 2.94 ±0.10 −1.648 0.099

CCT 538.0 ±36.0 535.5 ±43.8 −0.459 0.646

WTW 11.98 ±0.50 11.97 ±0.5 −1.165 0.244

LT 3.50 ±0.40 3.63 ±0.30 −1.629 0.103

Notes: *p<0.05: Values in bold indicate statistical significance at p<0.05. Between the ASD group and 
the control group revealed statistically significant differences in ACD (t = 2.201, p = 0.029 <0.05) and 
VT (t = 2.056, p = 0.041 <0.05). K2, ACD, VT are normally distributed data, and parametric tests are 
used for statistical analysis. AL, K1, AST, AL/CR, CCT, WTW, LT are non-normally distributed data, and 
non-parametric tests are used for statistical analysis.
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Machine Learning Model Evaluation for ASD Correlation Analysis
Random forest, support vector machine, KNN, decision tree, and naive Bayes models were used to identify statistically 
significant ASD risk predictors. The evaluation effects of different models were compared, and a reasonable model for 
machine learning was selected. After evaluating the effectiveness of various machine learning models, the random forest 
model emerged as the most stable This model was developed to identify predictive factors for ASD, specifically focusing 
on SE, CYL, AL/CR, and ACD. The feature weights revealed the significance of each factor’s contribution to the model, 
collectively summing up to 1. The findings highlighted that SE and ACD accounted for 25.50% and 25.28% of the 

Table 2 Correlation Analysis 
Between the SE and Ocular 
Biological Parameters in the ASD 
Group

r value p value n

AL −0.377** 0.000** 94

K1 0.028 0.786 94

K2 −0.071 0.496 94

AST 0.196 0.058 94

AL/CR −0.359** 0.000** 92

ACD −0.237* 0.025* 90

CCT 0.183 0.083 90

WTW −0.003 0.976 82

LT 0.266* 0.011* 90

VT −0.419** 0.000** 90

Notes: *p<0.05: Values in bold indicate statis
tical significance at p<0.05, **p<0.01: Values in 
bold indicate statistical significance at p<0.01. 
In the ASD group, SE was significantly nega
tively correlated with AL (r = −0.377, p < 
0.01) and AL/CR (r = −0.359, p < 0.01); nega
tively correlated with ACD (r = −0.237, p < 
0.05); positively correlated with LT (r = 0.266, 
p < 0.05); and negative correlation with VT (r 
= −0.419, p < 0.01). Bold text indicates statis
tical significance (p < 0.05).

Table 3 Binary Logistic Regression Analysis Results

Item β value SE z value Wald χ2 p value OR value OR value 95% CI

CYL −0.686 0.192 −3.571 12.755 0.000** 0.504 0.346 ~ 0.734
SE 0.549 0.168 3.26 10.625 0.001** 1.732 1.245 ~ 2.410

AL/CR 4.437 2.176 2.039 4.158 0.041* 84.505 1.188 ~ 6012.705

ACD −1.604 0.782 −2.053 4.214 0.040* 0.201 0.043 ~ 0.930
Intercept −8.63 5.333 −1.618 2.619 0.106 0 0.000 ~ 6.188

Notes: *p<0.05: Values in bold indicate statistical significance at p<0.05, **p<0.01: Values in bold indicate statistical 
significance at p<0.01. Dependent variable: group (ASD vs control). Model fit indices: McFadden R2 = 0.106; Cox & Snell 
R2 = 0.137; Nagelkerke R2 = 0.183. Bold indicates statistical significance. 
Abbreviations: SE, spherical equivalent; CYL, cylindrical diopter; AL/CR, axial length-to-corneal radius ratio; ACD, 
anterior chamber depth; OR, odds ratio; CI, confidence interval.
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model, respectively, underscoring their crucial role in the model’s development. This suggests that SE and ACD could be 
particularly valuable for early screening and diagnosis of ASD. (The results of the machine learning model are shown in 
Figure 3b–d, The effectiveness of the machine learning model evaluation is shown in Supplementary Table 4. The results 
of the Random Forest model weight analysis are presented in Supplementary Table 5).

Discussion
This study provides an in-depth examination of refractive and ocular biometric characteristics in children with ASD. The 
findings revealed that the ASD group had a higher prevalence of hyperopia, while the control group was more prone to 
myopia, with astigmatism being more prominent in the ASD group. Both Scharre13 and Ikeda29 identified that 40% ~44% 
of children with ASD had refractive errors, with astigmatism being17.6%, followed by strabismus and amblyopia. 
Similar result was shown by Khanna.11 These foundational studies consistently support our finding that children with 
ASD experience varying levels of refractive errors and astigmatism. However, Wang J et al30 reported normal refractive 
status in children with ASD, potentially due to variations in sample size, research methods, and selection criteria.

From birth to adolescence, refractive status continues to change as the eye develops.31,32 Research by Bikbov et al 
indicates that preschool children (ages 0–6) are primarily hyperopia, with the proportion of hyperopia decreasing and 
myopia increasing as children age.33–35 Children with ASD tend to have higher rates of hyperopia and lower rates of 
myopia, which may be related to the generally reduced time ASD children spend on reading and close writing tasks. 
Meanwhile, the refractive status of patients with ASD might be linked to neurodevelopmental abnormalities, suggesting 
that refractive status could serve as a potential biological marker for ASD. A high degree of hyperopia or a low degree of 

Figure 3 Machine Learning Results Analysis. (a) Plotting the ROC curves for SE, CYL, AL/CR, ACD. (b) Developing a Random Forest Model to identify predictive factors of 
ASD. The weight results show that SE and ACD are significant predictors, with respective weights of 25.50% and 25.28% (where the x-axis represents the weight, 
contribution and the y-axis represents the predictive factors). (c) Confusion Matrix for Random Forest Test Set Results. (d) Confusion Matrix for Support Vector Machine 
Test Set Results.
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myopia may be related to the unique way in which patients with ASD process visual information, providing clues for 
further research into the visual perception mechanisms in ASD.

This study revealed significant correlations between SE and ocular biometric parameters in children with ASD: 
negative associations with AL, AL/CR, ACD, and VT (all p<0.05), but a positive correlation with LT (p<0.05). Notably, 
ASD children exhibited lower ACD and VT values compared to controls (p<0.05), while other parameters showed no 
intergroup differences (p>0.05). These findings suggest that ASD children with shorten AL, reduced AL/CR, shallowed 
ACD, elongated LT, or decreased VT are predisposed to hyperopic shifts. Currently, the predictive factors for ASD 
primarily include various psychological and behavioral characteristics, with ocular predictors focusing mainly on eye 
movements and visual attention.36,37 Research on ocular biometric parameters is relatively limited. This study conducted 
a multifactorial analysis of the refractive status and ocular biometric parameters in both ASD group and control group. 
The results indicated that SE, CYL, AL/CR, and ACD were associated with the risk of ASD onset. Compared with that 
by he control group, children with ASD showed a stronger tendency toward hyperopia, higher astigmatism, lower axial 
ratios, and shallower anterior chamber depth. From a mechanistic perspective, the hyperopia tendency and shallower 
ACD observed in children with ASD may reflect structural delays or abnormalities during ocular development. Previous 
studies have predominantly focused on refractive abnormalities in ASD populations, while systematic evaluations of 
ocular biometric parameters such as AL, ACD, and LT remain relatively scarce. This study is the first to demonstrate in 
the northern population of China that children with ASD exhibit a shallower ACD. SE shows negative correlations with 
AL, AL/CR, ACD, and VT, as well as positive correlations with LT. These findings suggest potential coordinated 
developmental disorders in the anterior and posterior segments of the eye. It is important to note that these findings 
represent associations observed in this specific sample and their qualification as distinct traits of ASD relative to the 
general population requires confirmation through larger, multi-center studies.

By plotting the ROC curves for SE, CYL, AL/CR, and ACD, we found that jointly using these biological parameters 
for prediction offers greater diagnostic significance than using a single factor. This study indicates that AL/CR, ACD, and 
refractive status (SE, CYL) are strong associated factors for ASD. The combined assessment of these parameters can 
significantly enhance the sensitivity and specificity of predicting ASD risk. Therefore, evaluating ocular biometric 
parameters can help identify children at higher risk for ASD. These children should undergo further scale analysis and 
clinical symptom evaluation, and when collaboration is limited, early identification of these ocular parameters may 
provide more opportunities for clinical intervention, thereby improving visual and developmental outcomes for children 
at risk or already diagnosed with ASD. The machine learning model evaluation demonstrated the superior stability of the 
random forest model in identifying ASD predictors. This model identified four key features: SE, CYL, AL/CR, and 
ACD. Feature importance analysis revealed SE (25.5%) and ACD (25.3%) were the dominant contributors, collectively 
accounting for more than 50% of the model’s predictive power. These findings provide a new perspective for under
standing the visual developmental characteristics of children with ASD, and also offer preliminary evidence for exploring 
the potential link between neurodevelopmental disorders and ocular structures.

As a cross-sectional study, this research achieves dual innovations in the methodology of ASD studies: firstly, it 
breaks through the traditional behavioral and neurological assessment paradigms by systematically integrating ocular 
biometry with refractive parameter analysis for the first time, providing a new approach to identifying neurodevelop
mental biomarkers; secondly, it innovatively introduces machine learning (random forest model) to quantitatively 
evaluate the predictive value of key ocular parameters. The study was conducted on ASD children aged 4–12 in 
Handan, China, and identified for the first time four ocular parameters significantly associated with ASD status: SE, 
CYL, AL/CR, and ACD, among which SE and ACD contributed the most in the model. The core contribution of this 
study lies in objectively revealing the differential structural characteristics of the anterior segment of the eye (ACD, AL) 
in ASD children for the first time in a regional population. These structural parameters are minimally influenced by 
regulatory factors and exhibit high measurement stability, constituting the most reliable findings in the study and 
providing a new perspective for “visual-neurodevelopmental” collaborative research to understand the neurodevelop
mental mechanisms of ASD. Although the absence of cycloplegic refraction may affect the accurate interpretation of 
refractive results, the identified structural differences still hold significant implications, offering preliminary evidence for 
incorporating ocular biometry into systematic health assessments of ASD children in the future. The strategy of 
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integrating multiple parameters based on machine learning is expected to promote the establishment of an active 
monitoring framework for high-risk children, providing new insights for improving visual and overall developmental 
outcomes of ASD children through early identification and intervention.

This study also has several limitations. The most significant limitation lies in the absence of cycloplegic refraction due to 
cooperative barriers and environmental constraints, which may underestimate the degree of hyperopia in both groups, 
particularly in the ASD group, thereby reducing the difference between the two groups. Additionally, the measured 
astigmatism differences may be confounded by unknown variations in accommodation tension or accommodation ability 
between children with ASD and typically developing children. Such accommodation factors may be related to ASD-specific 
sensory processing abnormalities and anxiety during examination.22 Therefore, the interpretation of refractive examination 
results should be approached with extreme caution, as the current findings may incorporate contributions from structural 
differences and functional accommodation artifacts. Future studies should further clarify these findings by integrating 
cycloplegic refraction and accommodation function measurements. Although the same testing protocol was used in both 
groups to reduce operational bias, the severity of hyperopia and its clinical significance still require validation through 
prospective, large-sample cycloplegic studies. Secondly, the sample was concentrated in Handan, a region with relatively 
better economic and medical conditions, and its representativeness may favor high-functioning ASD subgroups, potentially 
introducing selection bias. Furthermore, the conclusions of this study primarily apply to ASD children who can complete 
standardized ophthalmic examinations. The sample may more likely represent behaviorally cooperative, high-functioning 
ASD subgroups, and thus the findings may not generalize to the entire ASD spectrum, especially individuals with severe 
behavioral challenges or lower functional levels. The external validity of the study conclusions needs to be validated in future 
multicenter, larger, and more representative studies. Thirdly, although this study identified significant structural differences 
such as shallower ACD in the ASD group, which are not influenced by confounding factors and demonstrate high 
measurement stability, constituting the most robust findings of this research, it must be acknowledged that the development 
of ocular biometric parameters is influenced by multiple factors. The current cross-sectional data cannot establish a causal 
relationship between these differences and ASD, and their specificity and generalizability require further validation through 
longitudinal studies. Finally, the machine learning models (eg, random forests) employed in this study are limited by sample 
size, and their generalization ability and stability need to be further validated in prospective large-sample data. Therefore, the 
model results should be regarded as exploratory analyses aimed at suggesting potential important features (eg, SE and ACD) 
rather than for clinical diagnosis or prediction. The most robust statistical conclusions in this study still originate from 
traditional logistic regression analysis, and all analyses can only reveal correlations between variables, not infer causal 
relationships.

Future research should continue to deepen in the following aspects: 1. Conduct multicenter, large-sample prospective 
cohorts, combining optometric examination with accommodative function assessment in strabismus, and differentiate 
functional and structural influencing factors by integrating ocular biometric data to enhance the reliability of biological 
explanations and improve the generalizability of research findings; 2. Adopt longitudinal designs to explore the temporal 
sequence relationship between ocular parameter abnormalities and the emergence of core ASD symptoms, providing 
temporal evidence for early identification; 3. Further integrate genetic, behavioral, and environmental factors, utilizing 
deep learning algorithms to analyze the complex relationships between multidimensional indicators and ASD subtypes; 
4. Explore the long-term effects of refractive correction and visual interventions on improving visual function and 
neurobehavioral development in ASD children, providing a basis for developing personalized visual rehabilitation plans.

Conclusion
This study systematically evaluated the refractive status and ocular biometric parameters of children with ASD, revealing 
differential manifestations in hyperopia, astigmatism, and anterior chamber depth. These findings suggest that multi- 
parameter combined assessment may have potential as an auxiliary tool for ASD identification. Despite the aforemen
tioned limitations, these discoveries provide a novel visual biology perspective for interdisciplinary ASD research and 
lay the foundation for subsequent mechanistic exploration and clinical interventions.
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