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Abstract
Background: Convergence insufficiency (CI) is a common 
binocular vision disorder characterized by difficulty in 
maintaining proper eye alignment for near tasks, leading to 
symptoms such as eye strain, headaches, and double vision. 
This narrative literature review aims to synthesize existing 
research on the impact of CI on cognitive performance, 
particularly focusing on academic achievement, attention, 
reading abilities, and overall cognitive load.
Discussion: The review reveals that CI significantly interferes 
with reading fluency and comprehension, which in turn affects 
academic performance. Studies indicate a higher prevalence 
of attention-related issues among individuals with CI, 
suggesting a link between visual and cognitive processing. 
Additionally, CI is associated with increased cognitive load, 
as individuals must exert extra effort to maintain visual clarity 
and focus, potentially detracting from cognitive resources 
available for other tasks. In various studies it shows that after 
successful convergence insufficiency treatment, academic 
performance improves with improvement in academic 
performance. At an extent in studies, it shows that academic 
performance is corelated with cognitive function.
Conclusion: The findings from the literature review underscore 
the importance of early diagnosis and intervention for CI to 
mitigate its adverse effects on cognitive functions. Future 
research should aim to further elucidate the relationship 
between convergence insufficiency and cognitive function 
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and the mechanisms underlying the CI-cognition relationship 
and evaluate the efficacy of various treatment modalities in 
improving cognitive outcomes.
Keywords: Convergence insufficiency, Cognitive function, 
Academic performance, Cognitive impairment, Near point of 
convergence.
Introduction
Convergence Insufficiency (CI) is a prevalent binocular 
vision disorder characterized by the inability to maintain 
appropriate eye alignment during near-vision tasks. Unlike 
refractive errors or other ocular health issues, CI involves 
a dysfunction in the coordination of the eyes, resulting in 
symptoms such as double vision, headaches, eye strain, and 
difficulty concentrating on near tasks. [1] These symptoms can 
significantly impact daily
activities, particularly those requiring sustained focus, such as 
reading or using digital devices.
[2,3,4]
Prevalence and Symptoms of Convergence Insufficiency
CI affects approximately 2-13% of the population, making it a 
significant public health concern. [14] Despite its prevalence, CI 
is often underdiagnosed or misdiagnosed due to its symptoms 
overlapping with other conditions like attention deficit 
hyperactivity disorder (ADHD) and learning disabilities. [13] 
Common symptoms include eye strain, headaches, blurred or 
double vision, and difficulty maintaining focus on near tasks. 
[14,17] These symptoms can lead to discomfort and fatigue, 
particularly during prolonged periods of near work, and can 
significantly impact academic and professional performance. 
[5]

The Growing Importance of Near Vision
The modern lifestyle has significantly increased the demands 
on our near vision. With the proliferation of digital devices 
such as smartphones, tablets, and computers, people spend 
more time engaging in activities that require close-up focus. 
This shift has intensified the potential impact of conditions 
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like CI on daily life. [3] Children, in particular, are affected as 
they spend substantial amounts of time reading and using 
digital devices for both educational and recreational purposes. 
Consequently, any impairment in near vision can have 
profound effects on their learning and overall development. 
[10]

Cognitive Function and Vision
Cognitive function encompasses a range of mental processes, 
including attention, memory, executive functions, and 
processing speed. Vision plays a critical role in cognitive 
function, as a substantial portion of the brain is dedicated to 
processing visual information. [11] Efficient visual processing 
is essential for tasks such as reading, writing, and navigating 
the environment, all of which require seamless coordination 
between visual input and cognitive responses. [5]

Linking CI to Cognitive Function
The relationship between CI and cognitive function is 
complex and multifaceted. Symptoms of CI, such as difficulty 
focusing, eye strain, and headaches, can interfere with 
tasks that require sustained attention and concentration.[14] 
Reading, a visually demanding activity, can be particularly 
challenging for individuals with CI. The additional effort 
required to maintain single and clear vision can lead to slower 
reading speeds, reduced comprehension, and greater fatigue, 
ultimately affecting academic performance and productivity. 
[15]

Visual discomfort associated with CI can also act as a continuous 
source of distraction, disrupting cognitive processes such 
as working memory and executive functioning. Working 
memory, the ability to hold and manipulate information over 
short periods, is crucial for tasks such as problem-solving and 
learning. The visual discomfort caused by CI can consume 
cognitive resources that would otherwise be available for 
these tasks, leading to decreased cognitive efficiency. [14]

Importance of Early Identification and Treatment
Given the potential impact of CI on cognitive function and 
daily activities, early identification and treatment are crucial. 
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Effective management of CI can alleviate symptoms, improve 
visual efficiency, and enhance overall cognitive function. 
Treatment options such as vision therapy, prism glasses, 
and home-based exercises have shown promise in reducing 
symptoms and improving quality of life for individuals with 
CI. [16,17]

Aims of This Manuscript
This manuscript aims to explore the intricate relationship 
between CI and cognitive function by reviewing current 
literature, presenting findings from recent studies. By 
understanding how CI affects cognitive processes and 
identifying effective interventions through a variety of 
articles.
Methodology
A comprehensive search for material published between 
2000 and 2024 was conducted using the terms ‘NSBVD,’ 
‘Convergence Insufficiency,’ ‘Cognitive function,’ ‘Academic 
performance,’ and ‘ADHD’ on PubMed, Scopus, and Google 
Scholar. Relevant articles were identified, reviewed, and 
analyzed to provide a thorough understanding of the current 
state of knowledge on this topic.
Discussion
Summary of Findings
This study explores the intricate relationship between 
Convergence Insufficiency (CI) and cognitive function, 
highlighting the multifaceted ways in which CI can impact 
daily activities and overall quality of life. Our findings 
corroborate previous research, indicating that CI significantly 
interferes with tasks requiring sustained visual attention and 
near work, such as reading and using digital devices. The 
symptoms associated with CI, including eye strain, headaches, 
blurred or double vision, and difficulty maintaining focus, 
impose a considerable cognitive load that can detract from 
cognitive efficiency and productivity. [14,17,22]
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The Pathophysiological Mechanisms of CI
The pathophysiological mechanisms underlying CI are 
complex and involve both neuromuscular and sensory 
components. CI is primarily characterized by an inability of 
the eyes to maintain appropriate alignment when focusing 
on near objects, which results from a dysfunction in the 
neuromuscular control of eye movements. This dysfunction 
may stem from weaknesses in the medial rectus muscles 
or anomalies in the neural pathways coordinating eye 
movements, particularly those involving the brainstem, 
cerebellum, and cerebral cortex. [7,14,1]

The sensory aspect of CI, which involves the brain’s ability 
to fuse the visual inputs from both eyes into a single coherent 
image, is also crucial. Poor fusional vergence can lead to 
double vision and visual discomfort, exacerbating the cognitive 
challenges faced by individuals with CI. [7] Furthermore, the 
frequent co-occurrence of accommodative dysfunction with 
CI complicates the clinical picture, as the effort required to 
maintain clear vision during near tasks can further strain 
cognitive resources.
Impact on Cognitive Function
The relationship between CI and cognitive function is 
particularly noteworthy. Our findings indicate that the 
increased cognitive load required to compensate for CI 
symptoms significantly impacts cognitive efficiency. Tasks 
that demand high levels of visual attention, such as reading, 
are especially affected. The additional effort needed to 
maintain clear and single vision can slow reading speeds, 
reduce comprehension, and increase fatigue, ultimately 
impacting academic and professional performance. [14,17]

Visual discomfort and cognitive distraction are additional 
factors that can impair cognitive function in individuals with 
CI. The continuous strain and headaches associated with 
CI can act as a persistent source of distraction, disrupting 
cognitive processes and making it difficult to maintain focus 
and concentration over extended periods. This is particularly 
problematic in environments that require sustained attention, 
such as classrooms and workplaces. [14]
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The impact of CI on specific cognitive processes, such as 
working memory and executive functions, is also significant. 
Working memory, essential for holding and manipulating 
information over short periods, is particularly vulnerable to 
the effects of CI. The cognitive resources diverted to manage 
visual discomfort and maintain convergence can leave fewer 
resources available for working memory tasks, impairing 
performance in academic and professional settings. Similarly, 
executive functions, which include higher-order processes 
like planning, decision-making, and problem-solving, can be 
compromised by the continuous effort to maintain proper eye 
alignment and the associated visual discomfort. [2,14.21]

Clinical Implications
Given the substantial impact of CI on cognitive function and 
daily activities, early identification and treatment are crucial. 
Vision therapy, which includes a range of exercises designed 
to improve the coordination and efficiency of eye movements, 
has shown promise in alleviating the symptoms of CI and 
enhancing overall visual and cognitive function (Scheiman 
et al., 2005). Additionally, prism glasses, which can help to 
correct alignment issues and reduce the strain on the eye 
muscles, offer another effective treatment option.
Implementing regular screenings for CI in school-aged 
children and adults who report symptoms of visual discomfort 
or cognitive difficulties during near work can facilitate early 
diagnosis and intervention. Such screenings can help to 
identify individuals who may benefit from vision therapy 
or other treatments, thereby improving their academic 
performance and quality of life.
Future Research Directions
Future research should continue to explore the relationship 
between CI and cognitive function, particularly focusing 
on longitudinal studies that track the cognitive and visual 
outcomes of individuals with CI over time. Investigating 
the effectiveness of different treatment modalities in diverse 
populations can also provide valuable insights into best 
practices for managing CI. Additionally, studies that examine 
the underlying neural mechanisms of CI and its impact on 
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cognitive processes can contribute to a deeper understanding 
of this condition and inform the development of more targeted 
interventions.
Conclusion
Convergence Insufficiency is a significant visual disorder 
that can profoundly impact cognitive function. By increasing 
cognitive load, causing visual discomfort, and reducing the 
quality of visual input, CI can hinder attention, memory, 
reading comprehension, and overall cognitive performance. 
Effective treatment, including vision therapy and prism 
glasses, can alleviate these symptoms and enhance cognitive 
function. Awareness and early intervention are crucial in 
mitigating the impact of CI on education and work, ultimately 
improving the quality of life for affected individuals. Future 
research should continue to explore the complex relationship 
between CI and cognitive function, paving the way for more 
effective treatments and interventions.
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