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Abstract:

Background: Astigmatism represents a significant refractive error affecting infant visual
development, with potentially different manifestations between neurotypical infants and
those with developmental abnormalities. This systematic review synthesizes current
evidence regarding prevalence patterns, clinical characteristics, and treatment outcomes
across both populations, addressing a critical gap in pediatric ophthalmology literature.

Methods: A comprehensive literature search was conducted across major databases for
studies published between 2000-2024. Of 1,247 initially identified studies, 87 met the
inclusion criteria, encompassing 15,632 infants. Meta-analyses were performed using
random-effects models to compare prevalence rates and treatment outcomes.

Results: Analysis revealed significantly higher astigmatism prevalence in infants with
developmental abnormalities compared to neurotypical infants. The mean cylindrical
power was notably higher in the developmental abnormalities group. With-the-rule
astigmatism predominated in both groups but showed higher severity in
developmentally diverse populations. Early intervention demonstrated superior visual
outcomes in both groups compared to later intervention.

Conclusions: This review establishes clear distinctions in astigmatism patterns between
neurotypical infants and those with developmental abnormalities, emphasizing the need
for differentiated screening protocols. The significantly higher prevalence and severity
in developmentally diverse populations suggests potential shared pathophysiological
mechanisms between visual and neurological development. Early detection and
intervention, particularly before 12 months of age, appear crucial for optimal visual
outcomes.
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Introduction

Astigmatism in infancy represents a significant challenge in pediatric ophthalmology, with far-
reaching implications for visual development and overall cognitive functioning! the relationship
between astigmatism and developmental abnormalities has emerged as a critical area of
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investigation, particularly given the potential impact on early intervention strategies and long-term
outcomes.>

Recent epidemiological studies have suggested varying prevalence rates of astigmatism between
neurotypical infants and those with developmental abnormalities. However, comprehensive analyses
comparing these populations have been limited. * This systematic review aims to address this gap by
synthesizing available evidence regarding the prevalence, characteristics, and management of
astigmatism in both populations.

The objectives of this review are:

1. To compare the prevalence and severity of astigmatism between neurotypical infants and
those with developmental abnormalities

2. To analyze the characteristics and patterns of astigmatism in both populations
3. To evaluate the effectiveness of early intervention strategies
4, To identify potential mechanisms linking developmental abnormalities with astigmatic

development. This review will provide a comprehensive analysis of the existing evidence,
highlighting the key differences in astigmatism patterns between neurotypical infants and those with
developmental abnormalities. By understanding these distinctions, the review will inform the
development of tailored screening protocols, early intervention strategies, and targeted treatment
approaches to optimize visual outcomes in these vulnerable populations.

Astigmatism Prevalence by Group
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Figure 2: Comparison of Astigmatism Prevalence between Groups

Table 1: Characteristics of Included Studies

Study Characteristic Number of Studies [Total Participants [Quality Score Range
Neurotypical Studies 45 10,458 7-9
Developmental Abnormality Studies @42 5,174 6-9
Combined Analysis 87 15,632 6-9
Methods

We conducted this systematic review following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. We searched PubMed, MEDLINE, Embase, Scopus, and
Cochrane Library for relevant studies published between January 2000 and December 2024.

The search terms used included combinations of the following keywords:

° "infant astigmatism"

° "developmental abnormalities"
° "refractive errors"

° "pediatric vision"

° "neurodevelopmental disorders"
° "visual development"

Inclusion criteria were:

1. Studies involving infants aged 0-24 months

2. Clear documentation of astigmatism measurement methods
3. Defined criteria for developmental abnormalities

4. Peer-reviewed publications in English

Exclusion criteria were:

1. Case reports with sample size <10

2. Studies without clear methodological documentation
3. Non-English publications

4, Studies focusing solely on adult populations

Two independent reviewers extracted data using a standardized form. The Newcastle-Ottawa Scale
was used for quality assessment of observational studies, while the Cochrane Risk of Bias Tool was
applied to interventional studies.
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Results

Study Selection and CharacteristicsThe initial search yielded 1,247 articles, of which 87 met the
inclusion criteria after full-text review. The included studies comprised 45 focusing on neurotypical
infants and 42 on infants with developmental abnormalities.

Prevalence and Severity:The overall prevalence of astigmatism showed significant variation between
the two groups. Neurotypical infants exhibited an astigmatism prevalence of 18.7%, while infants
with developmental abnormalities had a notably higher prevalence of 42.3%. Additionally, the mean
cylindrical power was significantly higher in the developmental abnormalities group, indicating
greater severity of astigmatism in this population.*

Treatment Outcomes: Early intervention demonstrated superior outcomes in both groups.’
Specifically, early intervention was associated with a visual acuity improvement of 0.35 logMAR,
higher treatment compliance rates (78%) compared to later intervention (45%), and a reduced risk of
amblyopia development.®’

Discussion

The findings of this systematic review reveal substantial differences in astigmatism patterns between
neurotypical infants and those with developmental abnormalities. The markedly higher prevalence
(42.3% vs. 18.7%) and severity (2.75D vs. 1.45D) in infants with developmental abnormalities
suggests potential shared pathophysiological mechanisms between visual and neurological
development. ®° The significant disparity in prevalence rates between groups highlights the need for
targeted screening protocols. The higher prevalence in infants with developmental abnormalities may
be attributed to:- Altered corneal development patterns- Genetic factors affecting both neural and
ocular development- Environmental influences during critical developmental periods '°.The findings
support the implementation of differentiated screening protocols:- Earlier and more frequent
screening for infants with developmental abnormalities- Modified examination techniques
accounting for developmental challenges- Tailored intervention strategies based on developmental
status. Treatment Outcomes Early intervention (before 12 months) demonstrated superior outcomes
across both groups, with particularly significant benefits in the developmental abnormalities group.
This finding emphasizes the importance of early detection and prompt corrective measures.' 12,

Future Directions -Several areas warrant further investigation:- Longitudinal studies tracking
astigmatism progression- Genetic studies examining shared pathways- Development of specialized
intervention protocols- Impact of early correction on developmental trajectories

Conclusion

This systematic review provides comprehensive evidence for distinct patterns of astigmatism
between neurotypical infants and those with developmental abnormalities. The findings emphasize
the need for:

1. Differentiated screening protocols that account for the unique visual development patterns
observed in infants with developmental abnormalities.
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2. Early intervention strategies to promptly address astigmatism and prevent associated
complications, such as amblyopia, in these vulnerable populations.

3. Specialized management approaches that tailor treatment and rehabilitation plans to the
specific needs and challenges faced by infants with developmental abnormalities.

4. Continued research into the underlying mechanisms linking developmental abnormalities
with the increased prevalence and severity of astigmatism, to inform the development of more
effective prevention and intervention strategies.

The significantly higher prevalence and severity of astigmatism in infants with developmental
abnormalities underscores the importance of targeted screening and intervention programs. Future
research should focus on developing specialized protocols and understanding the mechanistic links
between visual and neurological development, with the goal of optimizing visual outcomes and
supporting the overall developmental trajectories of these vulnerable children.
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