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Preface

Welcome to New Dimensions in Optometry: Evolving
Practices and Perspectives, a forward-thinking guide
designed for optometrists who are eager to embrace the latest
innovations transforming the landscape of patient care. As
technological advancements and new treatment paradigms
continue to reshape the field of optometry, it is crucial for
practitioners to stay ahead of these changes to provide the
highest standard of care. This book is crafted to equip you with
the knowledge and practical tools needed to navigate these
exciting developments and incorporate them confidently into
your practice.

In New Dimensions in Optometry: Evolving Practices and
Perspectives, we explore cutting-edge innovations that are
revolutionizing optometry, including advanced diagnostic
techniques, precision vision correction, next-generation
contact lenses, and novel treatment strategies for complex eye
conditions. The book bridges the gap between groundbreaking
research and everyday clinical application, offering actionable
insights that will enable you to deliver the best possible care
to your patients.

Whether you are an experienced practitioner looking to refine
your skills or a newcomer eager to learn about the latest
advancements, this guide is tailored to help you thrive in the
rapidly evolving field of optometry. Each chapter combines
evidence-based research with real-world case studies,
ensuring that you can seamlessly integrate these innovations
into your practice and achieve the best outcomes for your
patients.

We would like to extend our sincere gratitude to the experts
whose contributions have shaped this book. Their knowledge,
vision, and dedication have made New Dimensions in
Optometry: Evolving Practices and Perspectives aninvaluable
resource for optometrists at every stage of their career.
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Thank you for choosing New Dimensions in Optometry:
Evolving Practices and Perspectives as your guide. We look
forward to supporting your continued growth in optometry
as you embark on a journey of discovery and excellence in
patient care.
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From Vision to Cognition: The Influence of Convergence
Insufficiency on Cognitive Performance

Srimanti Sarkar'

'Department of Optometry, Swami Vivekananda University,
Telinipara, Barasat - Barrackpore Rd Bara Kanthalia, West
Bengal - 700121

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
withreadingfluency 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: Thefindingsfromtheliteraturereview 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. ! These symptoms can
significantly impact daily

activities, particularly those requiring sustained focus, such as
reading or using digital devices.

[2,34]
Prevalence and Symptoms of Convergence Insufficiency

CI affects approximately 2-13% of the population, making it a
significant public health concern. " 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. [**!
Common symptoms include eye strain, headaches, blurred or
double vision, and difficulty maintaining focus on near tasks.
14171 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

10
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like CI on daily life. P! 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. " 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. P!

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.!*
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 discomfortassociated with Clcanalsoactasacontinuous
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. 4

Importance of Early Identification and Treatment

Given the potential impact of CI on cognitive function and
daily activities, early identification and treatment are crucial.

11
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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
CJ. [1617]

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. (14172

12
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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. ["*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
doublevisionand visual discomfort, exacerbating the cognitive
challenges faced by individuals with CI. ! 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. '17)

Visual discomfort and cognitive distraction are additional
factors that can impair cognitive function in individuals with
CIL. 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. 4]

13
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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. [>142!]

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

14
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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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Achromatopsia: literature review and case study

Dr. Prabirendra Nath Sinha'

'Department of Optometry, Swami Vivekananda University,
Telinipara, Barasat - Barrackpore Rd Bara Kanthalia, West
Bengal - 700121

Abstract

Congenital achromatopsia is a rare macular dystrophy
affecting one in 30,000 to 50,000 people. It is associated with
five genetic markers, with mutations in the CNGA3 and
CNGB3 genes responsible for over 90% of cases. The disease
presents with colour vision defect, early onset of visual
impairment, photophobia, pendular nystagmus, and an
abnormal photopic electroretinogram (ERG). The disease has
two forms: incomplete, which is milder due to residual cone
function, and complete, which is severe due to the complete
absence of cone function. The diagnosis of achromatopsia has
been challenging due to the variability in clinical presentations
and associated symptoms. The advent of spectral domain
optical coherence tomography (SD-OCT) has revolutionized
the evaluation and understanding of achromatopsia.

Achromatopsia is a rare macular dystrophy with variable
presentation, presenting with a range of symptoms
including reduced vision, photophobia, dyschromatopsia,
and nystagmus. Diagnostic tests like SD-OCT, fundus
autofluorescence, and electrophysiology aid in ruling out
distinct aetiologies. Traditional diagnostic methods, such
as diminished light-adapted flash photopic ERG and 30
Hz flicker, have been used to diagnose achromatopsia.
Recent diagnostic modalities, like SD-OCT, have helped in
evaluating achromatopsia, providing a better understanding
of the disease. The use of SD-OCT has helped document a
progressive degenerative process noted with increased age,
with a flattened appearance of the cystic area on OCT. Animal
genetic studies have further collaborated on the progressive
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nature of the disease, with a CNGA3 genetic mutation
contributing to the progressive form of the disease.

Achromatopsia is a rare macular dystrophy with variable
presentation, presenting with vision reduction, photophobia,
dyschromatopsia,and nystagmus[1,2]. Diagnosis traditionally
involves a diminished light-adapted flash photopic ERG and
30 Hz flicker, which correlate with the functional loss of cone
photoreceptors. Recent diagnostic modalities like SD-OCT
have helped in evaluating achromatopsia, giving a better
understanding of the disease. Congenital achromatopsia, also
known as rod monochromatism, affects one in 30,000 to 50,000
people and is associated with five genetic markers. The disease
presents with color vision defects, early visual impairment,
photophobia, pendular nystagmus, and abnormal photopic
electroretinograms. SD-OCT can help visualize characteristic
morphological alterations linked to achromatopsia, aiding
in diagnosis and potentially enhancing future therapeutic
alternatives.

Introduction

Macular dystrophy is a condition that is linked with a
malfunction or lack of cone photoreceptors. Congenital
achromatopsia, which is also known as rod monochromatism,
is such a condition. A uncommon form of macular
degeneration affects about one in 30,000 and 50,000 people.
As of right now, there are five genetic markers that are
connected to this heterogeneous autosomal recessive cone
dystrophy. The capacity of cone photoreceptors to respond
to a light stimulus is impaired when there is a mutation in the
gene that causes this malfunction [3]. The CNGA3, CNGB3,
GNAT?2, PDE6H, and PDE6C genes are among the known
related gene mutations that are responsible for more than
ninety percent of the instances with achromatopsia. It has
been found that the most prevalent mutations are those that
occur on the CNGA3 and CNGB3 genes.8 Due to the fact that
the condition is caused by different genotypes, there is a great
deal of variation in the clinical presentation of achromatopsia.
The literature does not provide a lot of evidence to support
the hypothesis that there is a correlation between a certain
genotype and phenotypic expression.
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Method

The traditional clinical presentation of achromatopsiainvolves
a loss in colour vision, the beginning of visual impairment
at an early age, photophobia, pendular nystagmus, and an
aberrant electroretinogram (ERG) of the photopic region of
the retina. There are two types of the condition, which may be
distinguished from one another based on the frequency and
severity of cone malfunction. The incomplete form is linked
to a sort of visual impairment that is less severe since it is
connected with residual cone function.

As a consequence of the total lack of any cone function, the
full form is distinguished by a significant vision impairment
that can range anywhere from 6,/30 to 26/120.9,11

Despite the fact that there may be no indication of maculopathy
already present, clinical ophthalmoscopic findings might
range from a simple loss of foveal reflex to the more traditional
confined maculopathy. There is a significant amount of
variation in clinical presentations and related symptoms,
which contributes to the difficulty of diagnosis.

To verify the diagnosis, supplementary testing, such as
photopic electroencephalograms, has been utilised for a
considerable amount of time. Functional assessment was
corroborated by a significant drop in response to the 30 Hz
flicker, which was attributed to a malfunction of the cones.
On the other hand, structural evaluation of the illness was
restricted to histology studies that revealed the lack of foveal
cone photoreceptors or their distortion[4].

Discussion

The assessment and comprehension of achromatopsia have
been completely transformed as a result of the introduction
of spectral domain optical coherence tomography (SD-OCT),
which has the capacity to clearly identify the inner segment/
outer segment (IS/OS) junction. There is a structural
correlation between the defective cones and the lack of the
subfoveal insulin-secretion system junction. The typical
hyporeflective ‘punched out’ subfoveal zone on optical
coherence tomography (OCT) can lead to the diagnosis of
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achromatopsia even when only modest ophthalmological
symptoms are present [5,6]. This zone correlates to the absence
of the IS/OS junction. Recent discussions in the academic
literature have brought up these findings, which have not
been without their share of dispute.

During the course of a case study, a Hispanic guy who was
24 years old appeared with complaints of photophobia and
reduced vision thathad been present for along time. He denied
that he had ever had nyctalopia or a limitation in his vision
field. His medical background was not very noteworthy.
Since an early age, the patient has been diagnosed with a
vision impairment of uncertain aetiology, according to their
previous ocular history. His family history indicated that his
maternal aunt had maculopathy, which was likewise linked
with diminished visual acuity and had a congenital origin.
However, there was no recognised diagnosis for the ailment
because it was not diagnosed until much later.

According to the modified Early Treatment Diabetic
Retinopathy Study (mETDRS), the visual acuity of both the
right and left eye was equal to 6/36. The manifest refraction of
the right eye was -3.75-2.50 x 045, and the left eye was -6.25-
1.50 x 135. Additionally, there was no afferent pupil defect
in either eye, and the pupils were circular and receptive to
light in equal measure [6]. There were so many people on the
confrontation fields that it was impossible to count them all.
In every single look, the extraocular muscles of both eyes were
completely free. While the contralateral eye was occluded,
the right and left eyes exhibited a little horizontal nystagmus
in primary gaze. This was seen in both right and left eyes.
A significant colour vision impairment was discovered
through the use of the Hardy Rand and Ritter 4th Edition
Pseudoisochromatic plates for colour vision testing. As a
consequence, the individual was unable to enjoy any colour
vision with either eye. Additional colour vision testing with
both saturated and desaturated Farnsworth D-15 found that
there was no colour discrimination at all, and there was also
no colour defect pattern connected with it.

Examination with a slitlamp revealed nothing unusual.
Using Goldmann tonometry, the intraocular pressures were
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measured to be 12 mmHg on both R and L. During the dilated
fundus examination, both eyes were found to have pink optic
nerves that were different from one another and had cup-to-
disc ratios of 0.3/0.3. Both eyes had an artery to vein ratio
of two thirds, which indicated that the retinal vasculature
seemed to be normal. Clarity was observed in the vitreous of
both eyes. It was observed that the macula of both eyes had
a little disturbance in the retinal pigment level. In both cases,
the peripheral retinae were not notable [7].

The results of the SD-OCT showed that both eyes had blunt
foveal contours that were symmetrical and linked with
macular thinning. According to Figure 2, there were sub-
foveal hyporeflective flattened “punched out’ zones in both
eyes. These zones were connected with a missing IS/OS
connection. Both the light-adapted whole field ERG and the 30
Hz flicker experiments showed that there was no response to
the photopic stimulus, and the amplitudes of the 30 Hz flicker
experiment were almost undetectable. It was determined that
the patient had total achromatopsia according to the findings
of the clinical examination and the auxiliary tests.

Counselling was provided to the patient on the diagnosis.
However, several low vision aids were demonstrated to the
patient, and the patient had a positive response to several
devices, such as a Specwell 8D monocular telescope to assist
in distance identification and an Optelec Compact + for near
work. After the patient reported that he felt satisfied with his
ability to function in his day-to-day activities, he was shown
several low vision aids . A reading device, specifically an
Apple iPad and an Amazon Kindle, was also presented to the
patient. An Apple iPhone was already in the possession of the
patient, and they were already aware with the different tools
and programmes that are available to assist patients who have
limited vision. Several different lens filters were demonstrated
to the patient in order to alleviate the photophobia that he
was experiencing. Because the patient believed that he did
not require any devices at this time, no lenses or devices were
issued to him [8] with the exception of an updated correction
for his spectacles). The progression of the patient is being
monitored on a yearly basis through this process.
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The diverse appearance of achromatopsia, which is an
uncommon form of macular dystrophy, is one of the factors
that adds to the difficulty of diagnosis. The condition known
as achromatopsia can manifest itself with a wide variety
of symptoms, such as a loss in vision of varied degrees,
photophobia, dyschromatopsia, and the presence or absence
of nystagmus. A long-standing history of visual impairment,
together with accompanying photophobia, was shown by
our patient. Additionally, the clinical appearance might
range from a loss of foveal reflex to a maculopathy that is
later in its progression. The macular disturbance that our
patient exhibited was fairly mild and bilaterally symmetrical.
The fact that the structural alterations in individuals with
achromatopsia frequently do not coincide with the functional
changes [9,11,14] is another factor that contributes to the
difficulty of the diagnostic process. Stargardt’s disease,
hypoplastic fovea associated with ocular albinism, inverse
retinitis pigmentosa, and Best’s disease are some of the
differential diagnoses that can be made for early- onset
maculopathies that are associated with visual impairment.
Vitreomacular traction, early age-related macular
degeneration, drug-related maculopathies (plaquenil or
tamoxifen macular toxicity), lamellar hole, idiopathic macular
hole, and solar maculopathies are some of the conditions
that can be included in the differential diagnosis of acquired
maculopathies in adult patients who have visual impairment.
These additional disorders are distinct from achromatopsia
in a variety of aspects,including the startof symptoms, clinical
presentation, and results on optical coherence examination
(OCT). The use of diagnostic procedures, including as fundus
autofluorescence, electrophysiology, and SD-OCT, help in
the process of eliminating different aetiologies [9,10] .This
is in addition to the rigorous and extensive eye examination
that is performed. A comprehensive case history can be
helpful in eliminating a number of potential causes, such
as medication toxicity. If a patient has Stargardt’s disease,
fundus autofluorescence can be used to confirm the distinctive
general rise in autofluorescence that is associated with the
condition. The diagnosis of inverse retinitis pigmentosa, on
the other hand, is validated by electrophysiological testing
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that reveals a dampened scotopic electroretinogram (ERG).
These maculopathies, which include vitreomacular traction,
lamellar hole, and solar maculopathies, may be easily verified
with the use of SD-OCT. This is due to the fact that each of
these maculopathies has its own unique SD-OCT results. In
contrast to the morphological results that are linked with
congenital achromatopsia, these findings are different.

Areducedlight-adapted flash photopic ERG and a 30 Hz flicker
have traditionally been utilised in the diagnostic process for
achromatopsia since its inception. With the functional loss
of the cone photoreceptors, there is a correlation between the
diminished flash photopic ERG and the 30 Hz flicker activity.
A flash photopic electroencephalogram (ERG) of our patient
revealed that there wereno A, B, or C waves present, and there
was a flicker response of 30 Hz that was almost impossible to
detect [10,11].

The examination of achromatopsia has been assisted by more
contemporary diagnostic methods, such as the SD-OCT,
which has resulted in a better knowledge of the condition.
It would appear that the SD-OCT is able to distinguish
the structural alterations that are linked with the loss of
cone photoreceptors subfoveally. Patients diagnosed with
achromatopsia have subfoveal disruption of some kind at
the level of the interocular space (IS) and the outer layer of
the retina (OS), and in more advanced cases, retinal pigment
epithelium atrophy.

SD-OCT pictures were analysed by Thiadens and colleagues9
in forty individuals who were diagnosed with achromatopsia.
In the research, the standard OCT result was described. This
finding featured a subfoveal hyporeflective ‘punched out’
zone that was coupled with an intact hyper-reflective external
limiting membrane and the underlying retinal pigment
epithelium. It has been found that the lack of the IS/OS
junction is correlated with the hyporeflective zone. In addition
to the thinning of the outer nuclear retinal layer, other findings
associated with achromatopsia include a change in the foveal
contour, a reduction in the foveal depth, and overall thinning
of the retina [12]. The variability in SD-OCT findings may
contribute to the overall distinct fundoscopic presentations
that are associated with achromatopsia.
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Thomas and his colleagues made a significant contribution to
the expansion of our knowledge of the disease by establishing
a connection between the pathophysiology of the disorder
and a specific SD-OCT appearance [12]. The foveal contour
changes that were observed within the SD-OCT were thought
to be correlated with the classic ‘punched out’ zone that was
also observed on the SD-OCT. This was attributed to structural
change that occurred as a result of progressive age-related
dysfunction of the cone photoreceptors [12] . Furthermore,
they believed that the progressive cone degeneration that was
observed in patients with achromatopsia could be attributed
to the loss of phagocytotic activity at the level of the retinal
pigment epithelium. With the passage of time, this appears to
grow increasingly apparent [12].

In the past, achromatopsia was considered to be stable and
non-progressive. However, the use of SD-OCT has assisted
in the documentation of a progressive degenerative process
that is observed with increasing age [9,10]. Genead and
colleagues investigated SD-OCT findings in individuals with
achromatopsia who were of varying ages [13]. According to
what they observed, the traditional SD-OCT finding does
not appear to be present among younger individuals. Their
study revealed that only seventeen per cent of patients under
the age of nine presented with the classic SD-OCT findings,
while all patients over the age of 40 displayed the classic
OCT finding associated with the hyporeflective subfoveal
‘punched out’ zone of the missing IS/OS junction.[14] The
use of the SD-OCT further documents a change in the classic
finding, whereby a flattened appearance of the “punched out’
cystic area on OCT is noted with an increase in age[9,13] . The
flattening or disappearance of the cystic hyporeflective space
correlates to overlying retinal layers merging with the retinal
pigment epithelium [9]. Although our patient was only 24
years of age, the SD-OCT revealed a more flattened cystic-like
space associated with a missing subfoveal IS/OS junction.
This conclusion is consistent with the findings of earlier
investigations and the hypothesis that the illness exhibits a
progressive character. The findings of the progressive SD-
OCT and the link between those findings and the age of the
patient have been the subject of significant debate. After
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evaluating forty individuals who had achromatopsia [13].
Sundaram and colleagues discovered that there was no
association between the age of the individual and the SD-
OCT results that were related with it [11]. The authors did
not deny the progressive character of the ailment; rather,
they hypothesised that the absence of an IS/OS zone was not
connected to the phenotypic expression of the patient or to the
patient’s age. There is a possibility that future longitudinal
research will give more demonstrable data in relation to this
dispute. Despite the fact that there are no studies conducted
on humans, genetic research conducted on animals has further
contributed to the observation that the disease is progressive.
The CNGAS3 genetic mutation was found to be a contributor
to the progressive form of the disease, according to a study
that examined the retinas of knockout mice, which are mice
that do not have cone- specific channels [15]. Histological
examination of the retina of these young mice revealed that
only 10 to 20 percent of their cones were functional, whereas
the retina of the older mice had complete degeneration of all
of their cones[14].

When it comes to macular dystrophy, achromatopsia is
an uncommon condition that can appear in a variety of
ways, which adds to the difficulty of diagnosis. A variety
of symptoms, including a decrease in vision, photophobia,
dyschromatopsia, and the presence or absence of nystagmus,
may be present in patients with this condition. It is possible
for the clinical appearance to range from a loss of foveal reflex
to more severe maculopathy, with mild bilateral symmetrical
macular disruption appearing in some cases. There is
frequently no correlation between structural abnormalities
and functional changes, which makes diagnosis even more
challenging. Stargardt’s disease, hypoplastic fovea associated
with ocular albinism, inverse retinitis pigmentosa, and Best’s
disease are some of the differential diagnoses that can be
made for early-onset maculopathies that are associated with
visual impairment. Vitreomacular traction, early age-related
macular degeneration, drug-related maculopathies (plaquenil
or tamoxifen macular toxicity), lamellar hole, idiopathic
macular hole, and solar maculopathies are some of the
conditions that can be included in the differential diagnosis
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of acquired maculopathies in adult patients who have visual
impairment.

A reduced light-adapted flash photopic ERG and 30 Hz
flicker are generally taken into consideration when making
a diagnosis of achromatopsia. These two characteristics are
associated with the functional loss of cone photoreceptors.
On the other hand, more contemporary diagnostic techniques
such as SD-OCT have allowed for the evaluation of
achromatopsia, which has resulted in a better knowledge of
the condition. In the subfoveal region, the SD-OCT appears
to be able to distinguish structural alterations that are related
with the loss of cone photoreceptors. Patients diagnosed with
achromatopsia have subfoveal disruption of some kind at
the level of the interocular space (IS) and the outer layer of
the retina (OS), and in more advanced cases, retinal pigment
epithelium atrophy.

The pathophysiology of the condition has been linked to a
specific SD-OCT presentation, with foveal contour alterations
found within the SD-OCT connected with the IS/0OS
typical “punched out’ zone. This has been the case since the
ailment became apparent. It is possible that the decrease of
phagocytotic activity at the level of retinal pigment epithelium
is responsible for the progressive cone degeneration that is
seen in individuals who have achromatopsia[15].

Thefindings of SD-OCT have contributed to the documentation
of a gradual degenerative process that is observed with
increasing age. On the other hand, there has been debate over
the findings of the progressive SD-OCT and the connections
between those findings and the age of the patient. In addition,
animal genetic studies have been conducted in order to better
investigate the progressive aspect of the disease. For example,
aresearch conducted on the retinas of knockout mice revealed
that a genetic mutation known as CNGA3 was responsible for
the progressive form of the disease [13,14].

This unusual form of macular dystrophy is characterised by
the malfunction or lack of cone photoreceptors. Congenital
achromatopsia, which is also known as rod monochromatism,
is another name for this condition. In addition to being linked
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to five genetic markers, it affects between one in 30,000
and 50,000 persons nationwide. Mutations in genes are
responsible for more than ninety percent of instances, with
the genes CNGA3, CNGB3, GNAT2, PDE6H, and PDE6C
being the most prevalent candidates. A number of symptom:s,
including colour vision deficits, early visual impairment,
photophobia, pendular nystagmus, and aberrant photopic
electroretinograms, are commonly associated with this
condition. Incomplete forms of the illness are characterised
by a less severe visual impairment, whereas complete forms
of the disease are characterised by a more progressive
visual impairment. The results of a clinical ophthalmoscopic
examination might range from a lack of foveal reflex to
confined maculopathy. Due to the fact that dysfunctional
cones are correlated with the lack of the subfoveal IS/OS
junction, the introduction of spectral domain optical coherence
tomography (SD-OCT) has brought about a revolution in
the evaluation and comprehension of achromatopsia. These
findings have been investigated in the research literature, and
they have been met with some degree of debate.

In the course of a case study, it was observed that a Hispanic
guy, aged 24, who had been experiencing photophobia and
impaired vision for a considerable amount of time appeared
without any previous history of nyctalopia or visual field
limitation. His family history indicated that his maternal aunt
had maculopathy, which likewise had a congenital origin and
was linked with diminished visual acuity. His medical history
was ordinary, but his family history presented a concern. On
the modified Early Treatment Diabetic Retinopathy Study
(mETDRS), the patient’s visual acuity was measured at 6/36,
and a little horizontal nystagmus was seen in primary gaze
[15]. Through the use of colour vision tests, it was discovered
that the individual had a significant colour vision deficiency,
which led to the inability to enjoy any colour vision with either
eye. During the dilated fundus examination, the optic nerves
were found to be pink and distinct, and the vasculature of
the retina looked to be normal. The results of the SD- OCT
showed that there were bilateral symmetrical blunt foveal
contours, linked with macular thinning, sub-foveal hypo
reflective flattened “punched out’ zones, and a missing IS/
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OS junction. The diagnosis of total achromatopsia was made
after the light- adapted whole field ERG and the 30 Hz flicker
showed that there was no response to the photopic stimulation
of the patient. The patient was counselled on the diagnosis and
shown different low vision devices, such as a Specwell 8D
monocular telescope for identifying distances and an Optelec
Compact + for working in close proximity to objects. In an
effort to alleviate his photophobia, he was presented with a
variety of lens filters; however, no equipment or lenses were
provided to him. The progression of the patient is being
monitored on a yearly basis through this process [14,15].

Conclusion

It is important to note that this particular case is a typical
example of congenital achromatopsia, which highlights the
diagnostic relevance and benefits of an SD-OCT.

Due to the fact that achromatopsia can manifest in a variety
of ways, the diagnosis of the condition can be difficult.
Visualising the typical morphological changes that are
associated with achromatopsia may be accomplished
through the use of SD-OCT, which can thus be of assistance
in the diagnosing process. Having a better understanding of
achromatopsia might potentially lead to improvements in the
therapy options available in the future. It is possible that the
use of SD-OCT might be of critical importance in the timely
detection of achromatopsia during its first phases, as well as
in the identification of people who can possibly benefit from
upcoming treatment options. In addition, the changes in
structure that are seen on spectral domain optical coherence
tomography (SD-OCT) can be employed to monitor the
progression of the illness being studied.

The subjective and objective parameters of SD-OCT can be
utilised, in a manner analogous to that of other retinal illnesses,
in order to evaluate the efficacy of proposed treatment
strategies for persons who have achromatopsia.
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Abstract

Al has the potential to revolutionize ophthalmology
by increasing the diagnostic precision, efficacy, and
accessibility of eye diseases. This study investigates the use
of Al technologies, specifically machine learning and deep
learning, to improve diagnostic procedures in the field of
ophthalmology.

We offer a thorough analysis of Al methods, including how
they are integrated with clinical data and imaging modalities.
We also talk about platforms for creating animated videos that
help to visualize and teach Al in ophthalmology. Along with
outlining a comprehensive approach for integrating Al into
diagnostic procedures, the article also addresses the future
directions of this quickly developing discipline and highlights
current developments.

Keywords: Animated video maker platforms, Al algorithms,
ophthalmology, eye diseases, machine learning, deep
learning, and diagnostic imaging

1. Introduction
1.1 Background

Age-related macular degeneration, glaucoma, and diabetic
retinopathy are just a few of the eye conditions that
pose serious threats to world health. If left untreated,
these illnesses frequently result in blindness and visual
impairment. Conventional diagnostic approaches are
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frequently constrained by the requirement for precise and
rapid processing of complicated data, even though they
mainly depend on the experience of ophthalmologists and
sophisticated imaging tools.

1.2 Role of Al in Medicine

The creation of algorithms and systems that can carry out
operations that generally require human intellect, such
pattern recognition, decision-making, and learning, is known
as artificial intelligence (AI). Al is being used more and more
in medicine to improve treatment planning, forecast disease
development, and improve diagnostic accuracy. Al's promise
to enhance diagnostic results in ophthalmology is especially
encouraging because of its capacity to evaluate enormous
volumes of clinical and imaging data.

1.3 Purpose of the Paper

The goal of this work is to present a thorough analysis of the use
of Al in the diagnosis of ocular disorders. We will investigate
different Al technologies, how they are incorporated into
ocular diagnostics, and how this affects clinical procedures.
We will also talk about how Al topics in ophthalmology may
be visualized and explained using animated video maker
platforms. The paper will close with suggestions for more
study and application.

2. Animated Video Maker Platforms
2.1 Overview of Animated Video Maker Platforms

Platforms for making animated movies are technologies that
make it possible to create interesting and instructive videos
using animation. These systems include tools for creating and
managing visual information, which is especially helpful for
patient involvement and medical education.

2.2 Relevance to AI and Ophthalmology

Al-based systems for creating animated videos have several
uses in the field of ophthalmology:

*  Visualizing Al Algorithms: Animated movies may
clearly explain the underlying technology by processing
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and analyzing ocular pictures to show how Al algorithms
work.

* Patient Education: By increasing patients’
understanding of and confidence in the technology,
educational films can assist them diagnose eye
conditions.

*  Professional Training: By teaching ophthalmologists
and medical personnel how to use Al tools through
animated movies, they may improve their capacity to
incorporate these technologies into clinical practice.

2.3 Examples of Platforms

¢ Medical cartoons and instructional movies are
frequently produced on the following platforms:

*  Powtoon: Offers an easy-to-use interface and editable
templates for making animated films that may be used
for professional training as well as patient education.

* Vond: Provides resources for creating top-
notch animations with an emphasis on engaging and
transparent communication.

* Doodly: specializes in whiteboard animations,
which are useful for presenting intricate Al ideas in an
easier-to-understand visual style.

3. Methodology
3.1. Al Techniques in Ophthalmology
3.1.1.Machine Learning (ML)

A

branch of artificial intelligence known as “machine

learning” deals with teaching algorithms to analyze data,
draw conclusions, and make predictions. Machine learning
algorithms are used in ophthalmology to assess imaging data
and forecast the existence of eye disorders.

1.

34

Supervised Learning: This method trains models to
recognize patterns linked to certain eye disorders using
labeled data. For instance, labeled fundus pictures may
be used to train supervised learning systems to identify
diabetic retinopathy.
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2. Unsupervised Learning: This method finds hidden
patterns in data without the need for predetermined
labels. It may be used to find new diagnostic markers as
well as new insights into the features of eye diseases.

3.1.2 Deep Learning (DL)

Multiple-layer neural networks are used in Deep Learning,
a type of Machine Learning, to interpret complicated data.
Because DL approaches can extract complex information from
ocular pictures, they are very wuseful for image
analysis.

*  Convolutional Neural Networks (CNNs): CNNs are
often employed in ophthalmology for tasks involving
picture segmentation and classification. They are
capable of precisely identifying and categorizing retinal
abnormalities via OCT scans or fundus pictures.

*  Generative Adversarial Networks (GANs): GANs
may be used to enhance training datasets and boost model
performance by producing artificial medical pictures.
They also support the production of excellent pictures that
are used for diagnosis.

3.2 Integration with Imaging Modalities
3.2.1. Fundus Photography

Fundus photography provides fine-grained retinal pictures
that may be examined by artificial intelligence systems to
identify diseases like age-related macular degeneration and
diabetic retinopathy. After processing these photos, Al
algorithms find characteristics that point to an illness and
provide recommendations for diagnosis.

3.2.2. Optical Coherence Tomography (OCT)

OCT offers cross-sectional retinal pictures, allowing in-depth
examination of the retinal layers. Artificial intelligence (AI)
models use OCT image analysis to identify and diagnose
retinal illnesses, such as diabetic macular edema and macular
degeneration.
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3.2.3. Visual Field Testing

Artificial Intelligence (AI) improves visual field testing
by automating test result processing, leading to better
identification of glaucomatous alterations. Al systems
are capable of interpreting visual field data to detect early
glaucoma symptoms and monitor the course of the condition.

3.3 Workflow Integration

Several crucial actions are involved in incorporating Al
technologies into healthcare workflows:

* Data Integration: To facilitate data access and analysis,
artificial intelligence (Al) technologies must be incorporated
into the current electronic health record (EHR) systems.

* Decision Support: Ophthalmologists may make well-
informed judgments about diagnosis and treatment with
the help of Al-generated insights and suggestions.

* Real-Time Analysis: Putting Al systems into place
that analyze data in real-time gives doctors quick feedback,
improving the precision and efficiency of diagnosis.

4.Results
Accuracy and Efficiency

Recent research has shown that AI models, especially those
that use deep learning, can diagnose eye disorders with
a high degree of accuracy. For example:

* Diabetic Retinopathy: Research has demonstrated that
Al systems can diagnose diabetic retinopathy from fundus
pictures with an accuracy that is either equal to or higher
than that of skilled ophthalmologists (Abramoff et
al., 2018).

* Age-related Macular Degeneration (AMD): Using
OCT scans, Al algorithms can reliably categorize AMD
severity and forecast the course of the illness (De Fauw et al.,
2018).

Clinical Impact

Integration of Al has improved clinical practice in a
number of ways, including:
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* Early Detection: Al technologies make it possible to
identify eye conditions early, which may lower the
chance of vision loss and enhance patient outcomes.

* Scalability: By improving access to diagnostic services,
Al systems may be used in a variety of healthcare settings,
including underserved and distant places.

Challenges and Limitations

Even with its benefits, there are a number of obstacles to
overcome before applying Al to
ophthalmology:

* DataQuantity and Quality: Accurate Almodel training
requires large, well-annotated datasets. Model performance
may suffer if such data are not readily available.

* Integration with Clinical Practice: Overcoming
logistical and technological obstacles is necessary for the
successful integration of Al technologies into current
processes.

* Problems with Ethics and Regulations: When using
Al it's important to take patient privacy, data security, and
regulatory compliance into account.

Conclusions
Summary

The accuracy, efficiency, and accessibility of eye disease
diagnostics are being greatly improved by Al technology.
When combined with imaging modalities, machine learning
and deep learning approaches provide effective tools for the
early diagnosis and treatment of a variety of ocular disorders.

Future Directions

* Ongoingstudy: Toincrease Almodels’ generalizability
across a range of populations and overcome their limitations,
more study is required.

* Clinical studies: To confirm the safety and effectiveness
of Al-based diagnostic tools and guarantee their practical
application, extensive clinical studies are required.
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* Ethical Considerations: Safeguarding patient
interests and integrating AI into ophthalmology will
require addressing ethical and regulatory issues.

Recommendations

* Investing in Data Collection: Reliability and
performance of AI models will be increased by growing
datasets and enhancing data quality.

* Education and Training: Giving medical staff Al-
related training will make it easier forthem to accept and use
these technologies in clinical settings.

* Collaboration: Promoting cooperation amongst
physicians, Al researchers, and industry stakeholders will
boost innovation and enhance patient outcomes.
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Abstract

This study aims to discover the challenges and facilitators
associated with the implementation of assistive technologies
among children with LV in India. The increasing prevalence
of visual impairment demands the investigation of effective
intervention that can improve learning and independence.
Thisresearchimplements a mixed method approach, collecting
data both qualitative and quantitative from 231 children
with LV across varied regions of India. Data were collected
through surveys administered to care givers, parents, teachers
along with in depth interviews to gain understandings into
the experiences and perception of assistive technology users.
Statistical analysis conducted to identify patterns in usage
of AT, barriers to implementation and factors that influence
its successful incorporation into daily activities. Findings
suggest that while AT has a noteworthy positive impact on
the educational outcomes of children with LV, challenges
like limited access to device, insufficient awareness, lack
of training, high costs remain prevalent. Though, parental
involvement and training programs were recognized as a
key implementors in overcoming these barriers. The study
concludes by highlighting the need for more awareness,
improves access to technology and targeted awareness to
improve the adoption and effective use of AT for children
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with LV in India. Keywords: Assistive technology, low
vision, children, adoption, barriers, facilitators, educational
outcomes, India.

Introduction

Children with low vision face many challenges in daily life
that influence their social, educational and developmental
outcomes. Low vision, a condition which is characterized
by significant deterioration in visual acuity which is not
corrected by conventional glasses or surgery, hinders child’s
ability to fully engage in age related activities like reading,
writing and navigating in their environment. Assistive
technologies which include a broad range of devices and tools
envisioned to help persons with incapacities achieve tasks
more independently, suggestions great possible for children
by low vision to overwhelmed these barriers. From low vision
aids such as magnifiers and tactile devices to liberal electric
explanations like screen readersand electronicbraille displays,
AT can meaningfully recover the ability of children with low
vision to function in various settings, including school, home,
and social surroundings. Though, disdain the comprehensible
benefits, the extensive acceptance and reliable use of AT
among children with low vision endure imperfect, mainly
due to many tests that differ by separate, family, and societal
factors. One major obstacle to the acceptance of AT is the lack of
alertness or understanding of available technologies. Parents,
educators, and caregivers may not be fully conscious of the
various assistive devices that could benefit children with low
vision, important to missed opportunities for technological
interference. Furthermore, even when AT is presented,
its real use often requires particular training, both for the
children and those subsidiaries them. Insufficient training
and strangeness with how to mix AT into daily routines
can result in underutilization or rejection of the technology.
Moreover, monetary constraints and incomplete access to AT
in certain areas or groups worsen the problem. Many families
may face monetary problems in acquiring the appropriate
devices, while others may meet long waiting times or limited
availability in the healthcare system. Furthermore, the child’s
exact visual needs and favourites, as well as their age and
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developing stage, must be measured when selecting AT.
What works for one child may not be appropriate for another,
and the disappointment to match the correct device with
the child’s separate requirements can lead to hindrance and
refusal of the technology. Alternative important issue is
the participation of parents and caregivers in the decision-
making process. When caregivers are not adequately engaged
in classifying or supporting the adoption of AT, children may
be less likely to obtain the full aids of assistive technology.
Likewise, the role of teachers in schools is vital. Schools that
lack skilled workers or do not have the essential resources
to tool AT may unintentionally hinder children’s ability to
use the technology effectively in their learning environment.
Though, there are numerous organizers that can drive the
acceptance of AT and recover its effectiveness. When families,
educators, and health professionals work composed to
classify appropriate solutions, the probability of successful AT
adoption upsurges. Supportive networks, counting specialized
teachers, rehabilitation specialists, and vision specialists, can
contribution in introducing and training children on the
use of AT devices. Schools with comprehensive policies and
performs that order the use of assistive technologies in the
classroom subsidize to a more inclusive learning environment.
The use of modified solutions personalized to separate needs
and preferences also enhances the likelihood of acceptance
and continued use of AT. Additionally, advances in technology
and digital platforms have led to the development of more
affordable, accessible, and user-friendly assistive devices.
Novelties in smartphone applications and software agendas,
for example, have democratized access to convinced types of
assistive technologies, possibly making them more reasonable
and flexible for children with low vision. These progressions,
along with the active participation of parents and teachers,
can deliver more real support for children with low vision and
improve their educational and social consequences.

Methodology

The study on the challenges and facilitators of assistive
technology (AT) adoption among children with low vision will
adopt a cross-sectional, descriptive research design to gather
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and analyze data on the factors influencing the uptake of AT.
This methodology will provide an in-depth understanding of
the barriers and facilitators faced by children with low vision
and their caregivers in the Indian context. The research will
involve a sample of 231 children diagnosed with low vision,
aged between 6 and 15 years, and their families, selected
through purposive sampling from various specialty clinics
and rehabilitation centres in India. The sample will include
children from both urban and rural settings to account for
potential geographical and socio-economic variations in AT
access. The inclusion criteria for the study will be children
diagnosed with low vision, regardless of aetiology, who are
now using or have been agreed assistive devices in the past.
Exclusion criteria will include children with extra severe
disabilities that obstruct their ability to use AT, children
with intellectual damages, and those who are unable to
contribute in consultations or surveys due to communication
challenges. Data will be collected over a period of 12 months,
from January 2024 to December 2024, through a mixture of
structured interviews, surveys, and observational valuations.
The primary data collection tools will include an organized
questionnaire and semi-structured consultations. The survey
will emphasis on the types of assistive technologies used,
regularity of use, and apparent barriers and implementors
in their acceptance. The survey will be dispersed to parents,
caregivers, and teachers to comprehend their viewpoints on
AT adoption, while the meetings will be conducted with the
children (with parental consent) to gather visions into their
personal experiences with AT. Observational valuations will
be carried out to assess how the children interrelate with
various assistive devices, noting any problems or preferences
in usage. To ensure the dependability and cogency of the data,
the tools will be pre-tested with a small group of applicants
from a different region. The survey will undergo practiced
review to ensure that the items are clear, relevant, and suitable
for the study population. An experimental study will be led
on a small sample of 10 children to refine the method and
discourse any issues associated to data tools. Ethical approval
for this study will be obtained from an Institutional Review
Board (IRB) or Ethics Committee. Informed consent will be
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obtained from the parents or guardians of the children, and
assent will be obtained from the children themselves. All data
will be kept confidential, and participants will be assured that
they can withdraw from the study at any time without any
negative consequences.

Results

Here 231 children were involved in this study of the age of
6-15 years and the goal was to understand the challenges
and benefits with the mentioned assistive technology. Here
male is 51.9% and female is 48.1%, mostly in urban areas
(68.8%), and 31.2% lived in rural areas. It is divided into
three groups 6-9 years with 45.4%, 10-12 years with 34.2%,
and 13-15 years with 20.4%. Here most common assistive
devices were considered and that is screen readers is 45.3%,
magnifying glasses is 33.2%, braille displays are 12.5%,
and text-to-speech software is 9%. It is noted that younger
children (6-9 years) used more assistive technology than the
older bare to use mostly found in rural areas due to high costs,
lack of awareness, lack of training. In this study it is found
that higherincome families children used assistive technology
more frequently. The research highlights the importance of
addressing barriers and providing support to help children
with low vision use assistive technology effectively. Table 1:
Types of Assistive Technologies Used Device Type Percentage
of Users (%) Screen Reader 45.3% Magnifying Glass 33.2%
Braille Display 12.5% Device Type Percentage of Users (%)
Text-to-Speech Software 9% Description: Table 1 shows that
how many assistive devices are used in percentages, Screen
Reader, Magnifying Glass, Braille Display & Text-to-Speech
Software consequently 45.3%, 33.2%, 12.5% & 9%. So mostly
found to use is Screen Reader and least use is Text-to-Speech
Software. Table 2: Barriers to Assistive Technology Adoption
Barrier Percentage of Respondents (%) High Cost 58.7% Lack
of Awareness 46.5% Lack of Training 41.3% Limited Access
to Devices (Rural Areas) 62% Description: Table 2 shows that
barrier to use assistive technology adoption in percentages.
Table 3: Facilitators of Assistive Technology Adoption
Facilitator Percentage of Respondents (%) Governmental
Support Programs 61% Assistance from Rehabilitation
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Professionals 55% Peer Support 42% Parental Involvement
67% Description: Table 3 shows that adoption of assistive
technologies of the support of Governmental Support
Programs, Assistance from Rehabilitation Professionals,
Peer Support, Parental Involvement with the percentages
consequently 61%, 55%, 42%, 67%. Table 4: Frequency of
Assistive Technology Usage by Age Group Age Group (Years)
Daily Use (%) Weekly Use (%) Occasional Use (%) 6-9 83%
12% 5% 10-12 75% 18% 7% 13-15 69% 21% 10% Description:
Table 4 shows that assistive device uses frequently compare
to ages consequently.

Discussion

The result of the study gives us more understanding of
low vision use assistive technology of the children use. It
is showed that many barriers were faced by the children
during the use of the assistive technology. It is showed that
assistive technology mostly important for helping children
for visual impairments in school and everyday life. However,
it is faced that social, economic, and informational issues
caused obstacles to be widely spread. Clinical Implications
Here assistive technologies were introduced to use for visual
impairment children of the use of 6 to 9 years for betterment
of the adaptation. If visual impairment of the children is
diagnosed early and in proper time implementation of the
assistive devices provide improvement of visual functioning
and social integration. It is to be ensured that assistive
technologies for children from lower socio-economic
backgrounds to others background. It is to be ensured that
caregivers are also be acknowledged about the use of assistive
technologies and its effectiveness. Limitations It is very low
number of sample size that is 231 which may not represent
diverse backgrounds. It limits to expand its knowledge
from one geographic region to others in India. Due to cross-
sectional study design it limits restricts long-term conclusions,
required to pursue longitudinal design and larger diverse
sample. Conclusion It is concluded that early intervention
is very essential and acknowledgement of the usage of this
technology to the caregiver. This will be benefited for the
patient and enhancement of the assistive devices.
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Summary

The purpose of this research is to learn about the
perspectives of recent Indian optometry students on their
professional route.

Methods: From 2005 to 2021, the phrases “optometry as a
profession in India,” “career in optometry,” and “optometry
in India” were searched in the PubMed, Scopus, and Google
Scholar databases.

Results: The entire study is based on survey data. According
to such studies, there were many more girls than boys. The
majority of persons who took part in those studies agreed that
there was a significant lack of awareness regarding optometry
in the country.

Discussion: Optometry is a primary eye care profession that
focuses on vision correction, ocular illness identification and
prevention, and co-management of procedures involving the
eyes. A variety of factors affect career selections. According
to this review, students are impacted by a wide range of
factors, including the course content, employment chances,
societal reasons, individual goals, and peer pressure. Our
analysis revealed that while the majority of students had
heard of health-care professional programmes like medicine,
dentistry, and nursing during their academic careers, but not
optometry, only a small percentage of optometry students
were aware of or knowledgeable about the profession before
enrolling in the course.
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Conclusion: In conclusion, our findings show that optometry
knowledge and abilities were initially lacking among Indian
students. Optometry is not frequently chosen as a first
professional option in the neighborhood. Additionally, it
is suggested that public education campaigns be run to
inspire schoolchildren to choose a profession in eye care. The
profession of optometry seems to be more appealing to women
than to males. Personal objectives, course content, professional
possibilities, financial benefits, and societal pressures are just
a few of the factors that might affect someone’s decision to
pursue a career in optometry.

Keywords: Optometry students, carrier, profession, view
points.

Introduction

The decision of a career is essential in shaping a person’s
life. Not only does it affect growth and happiness, but also
personal happiness. An individual’s job choices have a
substantial influence on his or her chosen career and overall
success in life. Since making the wrong professional decisions
can have major effects on a person’s life, most people exercise
prudence while choosing their job route. Optometry is
described as “a healthcare area that is autonomous, informed,
and regulated” by the World Council of Optometry (WCO).
An optometrist is the primary healthcare practitioner of the
eye and visual system who provides comprehensive eye and
vision care, including refraction and dispensing, detection
and diagnosis and management of disease in the eye, and
rehabilitation of circumstances of the visual system!”.
Numerous individuals in India are unaware of the roles and
responsibilities of optometrists in the healthcare industry
since the scope and practice of optometry are still not well
defined'. Optometry was first taught in India 60 years ago,
starting with a two-year course and eventually leading to a
four-year graduate programme’. In India, there are roughly
49,000 optometrists with four- and two-year degrees and 164
institutes that provide optometry education, according to a
study released by the India Vision Institute in 2016°. The goal
of this review study is to provide baseline information about
the awareness, perception, and expectations of optometry
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students from different parts of India. The decision to pursue
a job can be influenced by a variety of variables, including
personal interest, the likelihood of receiving a decent salary,
and familial influence, when a parent or other relative
suggests the field*.

One of the most important decisions one takes in daily life
is choosing a decent career or vocation, and there are many
factors that might influence this decision.

In their study, Uchechukwu L. Osuagwu et al®. found that
women were more inclined to choose optometry as a career
than males, with men being more driven by new OD
programmes, high salaries, and employment opportunities®.
The education of optometrists in India prepares them to offer
a wide range of eye care services, such as comprehensive
eye exams, ocular diagnostic services, contact lens and
eyeglass prescription dispensing, vision therapy, and visual
rehabilitation’. According to the World Council of Optometry,
Indian optometrists possess a high level of training and
competence?®. They operate in a range of settings, including as
academicinstitutions, optical retail stores, hospitals and clinics,
as well as in marketing, administration, and independent
private practises’. In all, these statistics demonstrate that
India accounts for around 19.6% of the world’s optometrists.
The World Council of Optometrists estimates that there are
about 358 training institutions and 250,000 optometrists
worldwide?®. To the best of our knowledge, there is no current
information on the popularity of optometrists in the country,
despite the fact that this should be the case. There is little
information available about the effects of prior job knowledge
and attitudes, despite the fact that both efforts and self-
efficacy are predictors of academic accomplishment. Students
who actively choose their courses are more likely to succeed
academically, but passive students are less likely to finish
their degrees. This is because those who choose their courses
with a clear professional aim are more likely to accomplish
so'”!. Students who liked the course they chose also had a
higher chance of succeeding in their careers'. The main goal
of this narrative review is to know about the perspective of
newly enrolled students in optometry course to know how
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much they aware about their chosen profession. So that we
may raise awareness among Indians about what optometry is
and ensure that they are properly informed about optometry
in the future. The curriculum must be created in a way that
will inspire each student to learn the necessary skills and to
perform them in a way that will support the continued growth
of the optometry profession.

No of Optometry Colleges in all over the India®

S. No State No. of Institutes
1 Andhra Pradesh 7
2 Assam 3
3 Bihar 4
4 Chhattisgarh 1
5 Gujarat 9
6 Haryana 2
7 Jammu and Kashmir 1
8 Jharkhand 1
9 Karnataka 7
10 Kerala 20
11 Madhya Pradesh 5
12 Maharashtra 23
13 Meghalaya 2
14 Nagaland 1
15 Punjab 2
16 Rajasthan 3
17 Tamil Nadu 18
18 Telangana 5
19 Tripura 1
20 Uttar Pradesh 18
21 Uttarakhand 1
22 West Bengal 14

Total 149

S. No Union Territories

1 Chandigarh 3
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2 Delhi 12
Total 15
Total no. of institutes 164
in India
Methodology

The article that precedes is a review article. Original articles
featuring people who enrolled in optometry carrier were
included in this evaluation. Through the use of the platforms
of PubMed and Google Scholar, respectively, appropriate
studies were found. The search was done in the PubMed,
and Google Scholar databases from 2005 to 2021 using

the terms “optometry as a profession in India,” “career in
optometry,” and “optometry in India.”

15 papers were found to be eligible for critical investigation
for this narrative review after titles and abstracts were
thoroughly reviewed, duplicates were removed, and citations
were carefully examined.
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Figure 1 depicts how the papers were chosen.
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The initial search found 67341 articles for all keywords,
& 66296 duplicate were removed before screening. After
comparing titles and abstract to inclusion and exclusion
criteria and selecting 15 relevant journals, 22 were retrieved.
3 entries were later eliminated because they irrelevant to the
topic.

Results

The research are all based on surveys. We discovered from
those research that there were much more girls than boys. Our
findings suggest that the decision to enroll in an optometry
programme is multifaceted and depends on a variety of
factors, including the student’s personal goals, the course’s
objectives, employment prospects, income expectations, and
other factors identified in previous research. The majority
of respondents in those polls concurred that there was a
serious dearth of knowledge about optometry in the
nation. Maximum number of respondents concurred that
there was a serious shortage of common understanding of
optometry in the nation. After graduating school, the majority
of participants learnt about the programme. A number of
optometry students reported that when they first applied,
their family members and other close friends mistakenly
thought they were applying to ophthalmology school since
they were unfamiliar with the subject®.

Survey from northern India shows 152 responses, with 83
(54.6%) women and 69 (45.4%) men participating. The majority
of students, 78(51.3 percent), come from urban areas, while
74(48.7%) come from rural areas'. As a fresher optometrist,
about half of students (52.6%), believe they should be paid
between 25000 and 35000 Indian rupees. The availability of
government jobs for optometry professionals was mentioned
by 122 (80.3%) participants’. Most students (126, or 82.9
percent) are aware that optometrists, ophthalmologists, and
opticians are distinct professions, while 7 (4.6 percent) believe
they are all the same.

Southern India shows that 42 responses were received, with
36 females (85.71 percent) and 6 males (14.28 percent). The
students” most common reason for selecting the optometry
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course was a general positive impression or opinion
of the course (90 percent)”. The perception of good job
opportunities abroad (85 percent) and in India (37.5 percent)
was the second most important factor for choosing optometry
as a career, while 72.5 percent believed they could start their
own business. More than a third of respondents (40 percent)
believed that an optometry degree could lead to a good salary
or income. Only 5% joined because they had to be a part of the
optometry family business®.

Western India study shows that 32 responses were received,
with 21 females & 11 males®. We discovered that most students
stated the same things as other studies have also shown. The
majority of students learned about the programme after
completing their higher secondary education, and several
optometry students mentioned that their family members
and relatives were unfamiliar with the profession when
they enrolled and also believed the candidate was pursuing
ophthalmology training. All participants agreed that there
was a significant lack of understanding about optometry in
the society?.

Eastern Indian results shows that 172 responses were
received, with 97 females & 75 males. The most influential
factors in choosing an optometry career are a good salary,
professional prestige, and job availability.74.7 percent
(n=124) of respondents said it was important to participate
in the induction day, 73.4 percent (121 students) said it was
important to have previous working experience with an
optometrist, and 89.75 percent (n=149) said it was important
to have subjects passed and points obtained in each year to
get a job after finishing the course.

Table 1: Responses from different parts of India.

Different Parts of [No, of Males (%) | Females (%)
India Responses (%)
Northern India 152 69 83
Southern India 42 6 36
Eastern India 172 75 97
Western India 32 11 21
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Discussion

The decision of a career depends on a variety of elements, not
just one. Our study shown that a variety of factors, including
the course itself, employment chances, societal causes,
individual goals, and peer pressure, had animpact onstudents.
Optometry training was first introduced in India in 1958The
quality of optometric education and the range of practice
drastically fluctuated in the past'. Optometry is a primary eye
care profession concerned with vision correction, detection
and prevention of ocular diseases, and co-management of eye-
related surgeries®. A variety of factors affect career selections.
This study discovered that, in addition to the course itself,
professional chances, social reasons, personal goals, and peer
influence, there are a number of other elements that have an
impact on students.

Our analysis found that just a small percentage of optometry
students were aware of or knowledgeable about the profession
before enrolling in the course, during their schooling, The
majority of learners were familiar with nursing, dentistry,
and other health-care professions, but not optometry?.

As technology seems to be a more male-dominated field,
a survey done in the Netherlands found that just 17% of
students are female who are enrolled in technology courses®.

Despite the course being incorporated in a specialty in medical
technology, better literacy rates and a higher proportion of
women working in this region of the world may be to blame
for the higher number of women in optometry™.

Optometry students’ perspectives of their profession changed
after obtaining the appropriate academic and practical
exposure to eye care. In those studies, the participants also
reported that, in contrast to their preconceived notions,
their family members, relatives, and classmates had a more
positive image of the profession by the time they had started
the course. After starting the course, the students were
exposed to a range of optometry course components, which
helped them understand more about the field’s possible
applications and normal clinical settings. According to a
research by Thite et al’, Indian optometrists took part in a
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wide range of services at eye clinics, retail optical shops, and
community outreach programmes. A lack of early knowledge
about optometry practice is shown in the inconsistent
replies to the retrospective view of optometry. Additionally,
senior optometry students had a greater understanding and
knowledge of the employment options, variety of vision care
services, and scope of practice than their junior counterparts.
This further supports the idea that in order for students of
optometry to understand the field’s broader perspective, they
need to be exposed to and guided through a variety of eye
care services within the curriculum?

Conclusion

To summarize, our data indicate that students in India
originally lacked knowledge and skills in optometry. The
profession optometry is not frequently chosen as a first
career option in the community. It is also advised that
public awareness campaigns be carried out to encourage
school children to pursue a profession in the field of eye
care. Optometry seems to be a professional choice that
appeals more to women than to men. Personal objectives,
course content, professional possibilities, financial benefits,
and societal expectations are just a few of the factors that
might affect someone’s decision to pursue a career in
optometry. There are numerous optometry institutes in India
nowadays, and all these studies indicate that girls are more
prevalent in this profession than boys. However, there are no
new publications addressing the reasons why boys are less
interested in optometry. There are no studies that include the
total Indian optometrist population; all of this research have
been conducted in specific regions of the country. This is the
main drawback of all of these studies is that they only apply to
a few institutions of optometry, making it difficult to estimate
how well-known and understood optometry is across the
whole country. Due to differences in culture, education,
environment, and language, perceptions are anticipated to
vary from place to place within India®. Additionally, Tertiary
eye care institutions are more widespread in the country’s
urbanized and southern sections than in its rural areas,
resulting in differing degrees of awareness across the country.
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These research did not take into account the academic
standing, language, gender, or cross-cultural characteristics
of the participants. Therefore, it could be necessary to carry
out a nationwide study to find out how well school children
comprehend optometry. Furthermore, it is important to do
studies to increase awareness of optometry among individuals
who can have an impact on career decisions, such as family
members, educators, and career counsellors. The results
would suggest that there has been a substantial improvement
in understanding future perspectives and practice patterns
of the available optometry services thanks to the level of
coursework provided by institutions®. The findings also imply
that in order to increase knowledge of the field, certified
optometrists in the country should practice independently in
each specialty, as is the case in developed nations*
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Abstract:

This review paper critically examines the contemporary
body of research on digital eye strain (DES) arising from
prolonged engagement with electronic devices, such as
television screens, mobile phones, and laptops. Several ocular
and visual symptoms resulting from use of digital devices
are collectively known as digital eye strain (DES) or computer
vision syndrome (CVS). Few studies exist on the prevalence
of DES among young adults in the Eastern Mediterranean
region. Drawing upon a diverse array of scientific studies,
encompassing clinical trials and experimental inquiries, this
review synthesizes current knowledge regarding the impact
of extended screen exposure on critical visual parameters.
Key topics explored include the impact of extended screen
time on visual acuity, accommodation, and the development
of symptoms such as eye fatigue, dryness, and discomfort.
Additionally, attention is directed towards exploring the
modulating influence of environmental factors, such as
ambient lighting conditions and display characteristics, on the
severity and manifestation of digital eye strain. We explore
the mechanisms by which prolonged screen time impacts the
eyes, focusing on factors such as reduced blink rate, increased
accommodative stress, and blue light exposure. The review
further analyses the spectrum of symptoms associated with
DES, including dry eye, blurred vision, eye fatigue, and
headaches.
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This study aimed to investigate & determine the prevalence
& severity of Computer vision syndrome (CVS) and Digital
eye strain along with symptoms, knowledge and practice of
computer, mobile using with appropriate scientific manner.

Keywords: Digital device (DD), Computer vision syndrome
(CVS), Digital eye strain, Dry eye syndrome (DES), Blue lights.

Backgrounds: After the pandemic of Covid-19, every
individual including students, teachers, businessman,
engineers, researchers are depending in Internet through
their laptops, computers, mobile etc. They continue their
professionals works including meeting, homework done
by their electronic gadgets. So, they spent most of the time
Infront of digital screen. As a result, they are suffering
Headache, Eye strain, Dry eye, Blurred vision, Neck pain,
Backpain, Shoulder pain, Watery eye, red eye, Discomfort,
Double vision (Diplopia) etc. (1) (2)

Introduction

Computer vision syndrome, also referred to as digital eye
strain, describes a group of eye- and vision-related problems
that result from prolonged computer, tablet, e-reader, and cell
phone use. (3)

In the age of digital dominance, our reliance on electronic
devices has grown exponentially, shaping the way we work,
learn, and connect with the world. Advanced technology has
made an impact on every individual’s life (Medical facilities,
engineers, designers, VFX, Office work, etc). A personal
mobile phone is common nowadays in every college &
University student and office worker for increased efficiency
in easy access to reading, writing, access informative data,
communication with others, etc. The seamless integration of
mobile phones, laptops, tablets, and other electronic gadgets
into our daily lives has ushered in unparalleled convenience,
yet it has also given rise to a pervasive concern—Digital
Eye Strain (DES). Digital Eye Strain, often interchangeably
referred toas “computer vision syndrome” or “screen fatigue,”
encompasses a spectrum of ocular symptoms resulting from
extended use of digital devices. The symptoms of Digital
Eye Strain are diverse and can manifest in various forms,
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contributing to a sense of discomfort and visual impairment.
Common complaints include eye fatigue, dryness, blurred
vision, headaches, and even disruptions in sleep patterns. The
amalgamation of these symptoms poses challenges not only
to ocular health but also to overall quality of life. Electronic
devices, particularly those equipped with light-emitting
diode (LED) displays, emit significant amounts of blue light.
The concentrated exposure to blue light during screen time
has raised questions about its potential effects on the eyes.
Unlike natural sunlight, which contains a balanced spectrum
of visible light, screens emit a higher proportion of blue light,
contributing to concerns about its impact on ocular health.
Scientific inquiry has delved into the potential for blue light-
induced phototoxicity, raising questions about its impact on
retinal cells. Laboratory studies have suggested that exposure
to blue light can generate reactive oxygen species (ROS) and
trigger apoptotic processes in retinal cells. (4) (5) (6)

Blue light has a short wavelength of approximately 380 nm -
500 nm, which is found in the visual spectrum. Also, this blue
light is emitted from all electronic digital devices like mobile,
laptops, tablets, LED lights, and televisions. The study shows
that the effects of blue light with a particular focus on using
digital devices with LED displays show the safety hazards of
blue light in our human eye. Our human eye does not have
any adequate protection against blue light exposure. In our
human cornea absorbs wavelengths <300 nm, the crystalline
lens absorbs 300 nm - 400 nm & the retina primarily absorbs
390nm - 760 nm. (6)

Students of this generation have gradually transferred to
internet-based video learning because this is most effective for
pre-schooling children. After the epidemic of COVID-19, the
whole scenario of the usage of digital gadgets has changed,
in the practice of social distancing, they are addicted to social
media, attending class, e-book reading, etc. For this, they
spent 7 hours a day spent Infront of digital gadgets & finally
affected by CVS. (7)

In addition, an investigation of over 2000 American children
between 8 and 18 years of age found that, on an average day,
they spend approximately 7.5 hours viewing entertainment
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media (comprising the individual spends over 4.5 hours
watching television, approximately 1.5 hours using the
computer, and over an hour engaging in computer games.)

®
Another investigation shows, that after wake up a individual

at morning, 35% reach for their phones, for coffee 17%, for
toothbrush 13% or for other works 10% (8)

Discussion:

In modern times we are mostly dependent on our work
along with communication & study depending upon the
digital devices (DD) like mobile, desktop, laptop, tablet, etc.
Now this time, we can’t imagine a day without the internet.
Approximately reading of fifty papers, which are written
in the year between 2010 to 2023. In this year’s revolution
of social media to a smartphone can insist on using the DD
every second. Also, in the time of COVID-19, where every
individual is in a ‘Lockdown’, this time using of internet
is only earning points. The aftermath of the COVID-19
pandemic has witnessed an unprecedented surge in remote
work, online education, and increased screen time for various
daily activities. This shift has significantly heightened
the prevalence of Digital Eye Strain (DES). The lifestyle
changes necessitated by the pandemic, including prolonged
screen usage for work, socializing, and entertainment, have
substantially contributed to the exacerbation of DES. Remote
work has blurred the lines between professional and personal
screen usage, contributing to prolonged periods of digital
device engagement. Understanding the epidemiological
landscape of DES post-COVID-19 is essential for devising
targeted interventions.

A detailed examination of the symptoms associated with
DES and CVS post-COVID-19 is imperative. The spectrum
of ocular discomfort, including eye fatigue, dryness, blurred
vision, headaches, and neck pain, necessitates a thorough
understanding of their prevalence and interplay.

As a report over 60 million people worldwide suffer the CVS
& annually approximately 1 million new cases are register,
but this CVS can easily preventable. (9)
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A survey shows that In Europe, 30% of workers use their
computers all the time when they are working, also 25% of
workers spend between one-fourth to three-fourths of time in
front of the computer screen. (10)

An investigation of over 2000 American children between
8 and 18 years of age found that, on an average day, they
spend approximately 7.5 hours viewing entertainment media
(comprising 4.5 hours watching television, 1.5 hours on a
computer, and over an hour playing computer games). (11)

The method of CVS-Q shows that more than six scores
indicate, that the respondent suffers from CVS. So, calculate
this strategy 94.5% of the students of this university (Jordon)
suffer various symptoms of CVS. (1)

The students of the Eastern Mediterranean region also
indicated that the students of medical & health sciences have
CVS syndrome in the population of 97.3% of students in
Saudi Arabia. (11)

Approximately 86% of medical students complain of at least
one symptom related to CVS In Egypt. (12)

The medical students of Nepal reported that 71.6% related to
CVS. Also, in INDIA about 80.3% of students of engineering &
medicine reported CVS suffers. (13)

In the other report, asthenopic patient can found in Indian is
46.3%, 32.9% in Italy, 68.5% in Mexico & 63.4% in Australia.
(14) (15) (16)

One of the most developing causes of CVS is that most
students use digital screens for their study which is more than
six hours. (17) (18) (19)

Approximately 50% of students report that the use of digital
devices can affect their lifestyle & health. Also, 33 % of students
report pain in their neck, shoulder, joints of arm & wrist. Most
of the students also report that they face difficulty writing
with pens after the use of excessive time on digital devices.
The most common symptoms in computer users are pain in
the neck & shoulders. (20)
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Also, the pains of Upper musculoskeletal are experienced by
digital device users. (21)

In another study of 634 individuals, where 371 individuals
(58.51%) were using digital screens 8 hours a day. Also, the
majority (72.39%) of patients are suffering acute symptoms &
27.60% are suffering chronic symptoms in CVS. This study
also shows the majority (62.4%) were suffering from eye
strain & another hand 7.57% of individuals suffered from
the second common cause which is a burning sensation in
the eyes, as dryness, redness, irritation, watering, and neck
stiffness are found in the remaining part of the individual in
this survey. (22)

In a survey about 795 students, who were aged between 18
to 25, from different five universities in Malaysia. In these
Students who are using their digital devices for more than 2
hours, the symptoms of CVS (one or more) were found to be
89.9%, the most common disturbing symptom was headache
(19.7) associated with eye strain (16.4%). (23)

In another study of 775 students from Business College &
College of Medicine, where majority of students reported
headaches which were most common about 42.1%, secondly
most common symptoms were dry eyes that is 5.6%, also neck
& shoulder pain both are found in 11.8% students, minimum
amount of eye redness symptoms found that is 1.4%. Here all
of the symptoms are associated with excessive working with
digital screens and the symptoms are CVS. (24)

One of the latest reports by “The Washington Post” based on a
survey between 10000 Americans shows the effects of digital
eye strain in their daily life by using digital devices (DD)
excessively. The reports behalf of age showing (25) ---

* The age between 20 - and 30 reported that 73% of
individuals showed symptoms of digital eye strain, also
in this group, 87% use two or more digital devices in a
single day simultaneously.

* Theage group of 30 - 40 reported that 69% of
individuals showed symptoms of digital eye strain, also,
these groups spent more than five hours in front of digital
screens in a single day.
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* The age group of 40 - 50 reported that 66 % of
individuals have digital eye strain in their daily life.

*  The age group of 50 - 60 reported that 53% of
individuals reported digital eye strain.

At the age of 30 or an adult, youngsters are most vulnerable to
digital eye strain. (25)

Another study was conducted to build a relationship between
CVS (without contact lens users) & CVS (with contact lens
users). After the analysis report, we can show the prevalence
of contact lens users having CVS is 65% & non-contact lens
users have 50% symptoms of CVS. Also, the use of contact
lens more than 6 hours by workers has more symptoms of
CVS than non-contact lens users. (26)

The symptoms of computer vision syndrome (CVS): (27) (28)

* Accommodation-related symptoms - Double vision
(Diplopia), Blurred vision, Fatigue of the eye.

* The symptoms experienced in computer vision
syndrome (CVS) are caused by three potential mechanisms:

() Extraocular mechanism, (ii) accommodative
mechanism, and (iii) ocular surface mechanism. (29)

* Systemic symptoms - Neck pain, Headache,
Backache, Neck stiffness, Shoulder pain.

* External ocular symptoms - Burning, Redness,
Watering, Dryness, Irritation.

* Internal ocular symptoms - Eye ache, Frontal
headache, Eye strain.

* Binocular vision related - Convergence insufficiency,
Decompensated heterophoria, Poor vergence facility.

Blue lights that are emitted from the digital screen have a
crucial role in our sleeping circle. Melatonin hormone which
is responsible for our sleeping is suppressed by overuse of
DD. Our

digital devices (DD) use LED displays that have low-
wavelength blue light, which is responsible for suppressing
the rising of melatonin in the evening. (30) (31)
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A survey between 2417 clerks in Japan showed that after 6
hours of using DD, they suffered from Insomnia. (32)

A study in Europe & England showed that at the 3 years age
of pre-school going children spent 2 hours with DD which
is 68% of individuals, also, 54% of individuals have actively
used online platforms. (33)

Management of CVS:

According to the American Optometric Association (AOA),
the usage of digital devices continuously for more than two
hours is adequate to bring about digital eye strain and CVS
found in users. (34)

Many factors such as posture, use of screen filter, room
illumination, screen brightness, and distance from screen can
contribute to development of severity of CVS. (35)

e Blinking: Frequently blinking can moisture our
palpebral aperture & reduce dryness.

* Follow the rule 20-20-20: The most prescribed & most
effective procedure for relief from DES. This method uses DD
every 20 minutes takes a break for 20 sec & looks something
away for at least 20 feet. These regular practices can reduce
DES. (American Optometric Association)

* Adjust screen settings: Adjust screen colour
temperature, brightness, contrast, and text size when using
DD.

* Enough room light: When using DD maintain the
room light at sufficient medium. It can reduce eye strain &
minimize glare.

* Artificial tear: If a patient has dry eye syndrome, use
artificial tears frequently as a direction of the Optometrist &
Ophthalmologist.

* Computer & Laptop screen setup: Scientifically, when
the eye can see downward it is more comfortable. So, the
computer screen should be 15 to 20 degrees below eye level
and from the eye 20 - 28 inches.
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* Seating position: Chairs should be height adjustable
according to the user’s height along with leg space with a leg
pad.

* Antiglare screen: Use an anti-glare screen in DD to
reduce eye strain.

* Routine eye examination: Regular eye examination is
essential for every digital device user, it can reveal tear level,
any refractive error, dry eye syndrome, etc.

* Hydration: Take a break and get a glass of for
Hydration. Hydration is very important for our health along
with our eyes.

* Blue-cut lenses: The other most prescribed subjects
are blue-cut lenses by The Optometrist & Opthalmologiest.
Which blocks the blue lights that are emitted from digital
devices. But if you are turning on the settings of “‘Night mode’
in any DD it can same effects as the blue-cut lens.

Conclusion:

Digital eye strain has been on the rise since the beginning of
the COVID-19 pandemic. In conclusion, the pervasive and
prolonged use of digital devices has given rise to a significant
health concern known as Digital Eye Syndrome (DES).
This review paper has delved into the multifaceted aspects
of DES, examining its prevalence, symptoms, and potential
mitigating strategies. The evidence presented underscores the
widespread impact of excessive screen time on ocular health,
manifesting in symptoms such as eye strain, dryness, blurred
vision, and headaches. At that time use of digital devices for
work, education along communication is very important for
individuals of all ages. In this paper, we highlighted various
factors contributing to Dry eye syndrome including excessive
screen use, reduced blink rate, watering from the eye, etc.

Computer vision syndrome (CVS), which is formally known
as digital eye strain, isassociated with eye and vision problems
from the use of computers and other electronic devices which
are emit low-wavelength blue lights. A manifested growth
pattern has been experienced the CVS is present 5% - 65%
in pre-COVID-19 studies & after COVID-19 it can present
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at 80% - 94% individuals. In that time sudden increase in the
use of DD has leading eye- strain, diabetes, obesity, myopia,
musculoskeletal problems, etc.

In the year 2024, we can’t control our use of DD, because after
COVID-19 we are addicted to these such a digital device.
In the time of lockdown, the youngster is addicted to video
games

such as PUBG, Free-fire, FIFA, etc, along with social media
platforms such as Facebook, Instagram, YouTube, Tik-Tok,
etc. The students also use E-Books for their study, because
the all resources are available on the Internet along with the
library.

So, for our good lifestyle & good vision, we need some action
to reduce the increase of CVS. Like using blue-cut lenses,
turning on night mode on all digital devices using proper
sitting arrangements at chairs and tables for proper body
language when using DD, using the library with a hard copy
of a book, and maintaining 20-20-20 rule.
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Abstract

Forensic optometry is an emerging and vital subdiscipline within
forensic science that integrates optometric expertise with legal
investigations. It plays a crucial role in legal cases by assessing eye
injuries, vision impairment, and visual perception, all of which
are integral to a variety of criminal and civil proceedings. Forensic
optometrists are frequently called upon to analyze ocular injuries
resulting from accidents, assaults, or violent crimes, assess the
reliability of eyewitness testimony, and conduct postmortem ocular
examinations in cases of suspected foul play. The primary focus of
forensic optometry includes the evaluation of trauma to the ocular
structures, the role of vision in memory and perception, and the
potential impact of visual deficits on an individual’s ability to provide
accurate testimony in legal matters.

In legal investigations, forensic optometrists utilize advanced
diagnostic tools and imaging technologies, such as optical coherence
tomography (OCT) and fundus photography, to provide a detailed,
objective assessment of eye injuries and visual function. These
imaging techniques, combined with traditional optometric exams,
offer precise documentation that can be used in court to substantiate
claims related to vision impairment, personal injury, or eyewitness
reliability. In addition to their role in trauma analysis, forensic
optometrists also assess how various factors, such as visual acuity,
lighting conditions, and psychological influences, may affect the
accuracy of eyewitness memories. This makes forensic optometry
essential not only in injury cases but also in evaluating the integrity
of eyewitness testimony.
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Moreover, forensic optometry extends to postmortem analysis,
where eye examinations are conducted to determine cause of death
or identify signs of drug toxicity or poisoning, as ocular changes can
be indicative of certain conditions or substances. Throughout their
work, forensic optometrists must adhere to ethical standards that
ensure objectivity, impartiality, and confidentiality, making their
contributions both scientifically sound and legally defensible. As
forensic science continues to evolve, the role of forensic optometry
is expected to expand, driven by advancements in imaging
technology and the increasing need for specialized expertise in legal
investigations. In the future, forensic optometrists will likely play an
evenmore prominentrole ininterdisciplinary forensic teams, helping
to improve the accuracy and effectiveness of the justice system.

Keywords: Forensic Optometry, Legal Investigations, Eye Injuries,
Vision Impairment, Eyewitness Testimony, Postmortem Ocular
Analysis, Forensic Science, Expert Testimony, Ocular Trauma,
Visual Perception, Visual Memory, Clinical Optometry, Forensic
Investigations, Imaging Techniques, Ethical Considerations.

Introduction

Forensic science encompasses a wide range of specialized fields, each
playingauniqueroleincriminal investigationsand legal proceedings.
Forensic optometry, a relatively nascent discipline, applies
optometry-based principles and techniques in the context of the
law (Koch, 2011; Green, 2008). While optometry itself is traditionally
concerned with the diagnosis, treatment, and prevention of vision-
related conditions, forensic optometry merges these practices with
legal processes, offering crucial insights into vision-related aspects
of cases ranging from personal injury to homicide (Haines, 2010).
Forensic optometrists contribute to a variety of cases by analyzing
eye injuries, assessing visual capabilities, assisting in eyewitness
identification, and conducting postmortem ocular analysis. Their
expert opinions can be pivotal in both criminal and civil court cases.

Despite its growing recognition, forensic optometry remains a niche
tield, with its integration into forensic science continuing to expand.
As the demand for specialized forensic expertise increases, forensic
optometrists play an increasingly significant role in providing
scientific and medical evidence that may influence the outcome of
legal proceedings (Verma & Keogh, 2015). This paper examines the
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evolution of forensic optometry, its primary functions, methodologies
employed, ethical considerations, and future challenges.

1. Historical Development of Forensic Optometry
1.1. Emergence and Evolution

Forensic optometry is a relatively new subdiscipline of optometry
that has gained prominence in the past few decades. Historically,
optometrists were primarily involved in vision testing and the
correction of refractive errors, with limited involvement in legal or
criminal investigations. However, with the increasing complexity of
legal cases and the recognition of the role that vision plays in both
eyewitness testimony and injury assessment, optometrists began to
offer their expertise to the legal system (Haines, 2010; Green, 2008).

The increasing awareness of ocular trauma and its implications in
legal cases led to the development of forensic optometry in the 1970s
and 1980s, particularly in the United States and the United Kingdom.
During this period, optometrists became increasingly involved
in evaluating eye injuries and providing expert testimony related
to the extent of visual impairment (Koch, 2011). Their expertise in
ocular trauma became crucial in cases involving personal injury,
automotive accidents, and assault (Miller & Epstein, 2007).

As forensic science advanced in the late 20th and early 21st centuries,
forensic optometrists expanded their role to include the assessment
of visual memory and the reliability of eyewitness testimony, two
critical aspects of criminal investigations (Miller & Epstein, 2007).
The integration of optometrists into multidisciplinary forensic teams,
including pathologists, toxicologists, and law enforcement, further
solidified the field’s importance in criminal justice systems.

1.2. The Role of Vision in Legal Proceedings

One of the pivotal drivers of forensic optometry’s growth has been
the understanding that vision plays a fundamental role in various
legal matters. For example, in criminal cases, the reliability of
eyewitness testimony can be influenced by a person’s visual acuity,
memory, and perception (Verma & Keogh, 2015). Furthermore,
many personal injury cases involve vision impairment, where
the extent of injury or trauma to the eye needs to be evaluated to
determine compensation or liability (Green, 2008). The contributions
of forensic optometrists to these fields are invaluable, and their work
is increasingly recognized by courts and legal practitioners.
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2. The Role of Forensic Optometry in Legal Investigations
2.1. Eye Injury Analysis

One of the core functions of forensic optometrists is to evaluate
ocular injuries, whether caused by trauma or pre-existing conditions
exacerbated by an accident or assault (Koch, 2011). In personal injury
cases, for instance, optometrists assess the impact of eye injuries
on a person’s vision and determine the extent of any permanent
damage. This is particularly important in determining the severity
of injury and guiding compensation claims. Forensic optometrists
often examine the type and extent of trauma to structures such as
the cornea, retina, and optic nerve (Haines, 2010). Through the use of
advanced diagnostic tools such as slit lamps, fundus photography,
and optical coherence tomography (OCT), they provide detailed
reports that can be used as legal evidence (Koch, 2011).

In cases involving physical assaults or motor vehicle accidents,
forensic optometrists determine whether the observed injuries are
consistent with the reported circumstances. For example, blunt force
trauma to the eye can result in contusions or retinal hemorrhages,
while penetrating trauma may cause lacerations and orbital fractures
(Green, 2008). In each case, forensic optometrists utilize their
expertise to evaluate whether the eye injuries align with the account
of the incident.

2.2. Vision Impairment in Personal Injury Cases

Vision impairment is a significant consideration in personal injury
law, particularly when anaccident results in long-term visual deficits.
Forensic optometrists are often tasked with assessing the degree of
impairment and its impact on the individual’s ability to function
in daily life (Verma & Keogh, 2015). Through comprehensive eye
exams, optometrists can determine the extent of vision loss and
estimate the potential for recovery, which are critical factors in
determining compensation.

The forensic optometrist’s role is not limited to assessing the physical
state of the eye but also extends to evaluating the victim’s ability to
perform activities of daily living. This includes assessing their ability
to drive, work, and engage in social interactions (Haines, 2010). These
assessments, combined with long-term prognoses, can help quantify
the impact of the injury on the individual’s quality of life, influencing
decisions on financial compensation.
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2. 3. Eyewitness Identification and Memory

Forensic optometrists are also involved in assessing the reliability of
eyewitness testimony, which often hinges on the ability of witnesses
to accurately perceive and recall details from an event. Vision
conditions such as uncorrected refractive errors, reduced acuity, or
visual processing disorders can significantly affect an individual’s
ability to identify a suspect or recall specific details of an event (Miller
& Epstein, 2007). In these cases, forensic optometrists may be asked
to evaluate whether a witness’s visual abilities were adequate for
accurate identification, given the conditions at the time of the crime.

Factors such as lighting, distance, and the presence of obstructions
may all influence visual perception and, consequently, the accuracy
of eyewitness testimony (Verma & Keogh, 2015). Optometrists
evaluate whether the witness's visual capabilites would have
allowed for accurate perception of critical details such as facial
features or the perpetrator’s actions. This is particularly important
in cases where the eyewitness testimony is a key piece of evidence in
determining guilt or innocence.

24. Postmortem Eye Analysis

Postmortem eye analysis is another critical aspect of forensic
optometry. The eyes can provide valuable clues in the identification
of deceased individuals or in determining the cause of death (Koch,
2011). Forensic optometrists work alongside pathologists to examine
the eyes for signs of injury, disease, or other conditions that may offer
insights into the time and cause of death. For example, the condition
of the eyes, such as the presence of ocular hemorrhages or changes in
the retinal blood vessels, can help estimate the time of death (Haines,
2010).

In cases of poisoning, forensic optometrists can also identify specific
ocular changes that may indicate the presence of toxins or drugs
(Verma & Keogh, 2015). They may be able to identify signs of drug
overdose or systemic conditions, such as diabetes or hypertension,
that could have contributed to the individual’s death.
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3. Methodologies and Techniques in Forensic Optometry
3.1. Vision and Eye Health Assessments

Forensic optometrists employ a variety of techniques to assess
visual acuity, including Snellen charts, retinoscopy, and slit-lamp
examinations. These methods are used to assess the functional status
of the eyes, including the ability to see clearly, perceive color, and
detect peripheral vision loss (Green, 2008). These tests are essential
for evaluating the impact of eye injuries or visual conditions on an
individual’s day-to-day activities and for determining the degree of
impairment in personal injury cases.

3.2. Imaging Techniques

Advances in imaging technologies, such as OCT and fundus
photography, have revolutionized forensic optometry. These
techniques allow forensic optometrists to capture detailed images of
the eye’s internal structures, which can be crucial for documenting
injuries or pathological conditions (Haines, 2010). OCT, for instance,
provides high-resolution cross-sectional images of the retina,
enabling optometrists to detect subtle changes that may not be
visible to the naked eye.

These imaging technologies are particularly useful in postmortem
analyses and cases of trauma, where detailed documentation
of ocular injuries is necessary (Koch, 2011). They allow forensic
optometrists to track the progression of ocular damage over time
and offer irrefutable evidence in legal cases.

3.3. Eye Injury Documentation

Accurate documentation is a critical aspect of forensic optometry.
Forensic optometrists use a combination of written reports,
photographs, and visual diagrams to document their findings,
ensuring that their observations are admissible in court (Green, 2008).
The use of high-resolution imaging and detailed notes ensures that
all findings are preserved for future reference and legal proceedings.

4. Ethical Considerations and Legal Challenges
4.1. Objectivity and Impartiality

One of the most important ethical considerations in forensic
optometry is maintaining objectivity. Forensic optometrists must
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remain impartial and base their opinions solely on the scientific
evidence at hand. Unlike clinical optometry, which focuses on
patient care, forensic optometry demands that the optometrist’s
findings are not influenced by external pressures or biases (Miller &
Epstein, 2007).

4.2, Privacy and Confidentiality

Forensic optometrists, like all healthcare professionals, are bound
by laws and ethical standards concerning patient privacy and
confidentiality. They must ensure that all medical information
obtained during the course of their investigations is handled with
care and shared only with authorized parties (Koch, 2011).

5. The Future of Forensic Optometry

As forensic science continues to evolve, so too does the role of
forensic optometry. Advancements in imaging technologies and
the increasing demand for specialized knowledge in legal matters
suggestthatforensic optometrists will play anincreasingly prominent
role in criminal and civil investigations. Moreover, as the importance
of interdisciplinary collaboration grows, forensic optometrists will
continue to work alongside professionals from a variety of fields,
enhancing the accuracy and depth of forensic investigations (Haines,
2010).

Conclusion

Forensic optometry is a vital subdiscipline of forensic science that
provides valuable insights into a variety of legal matters. From
evaluating eye injuries to assessing the reliability of eyewitness
testimony and conducting postmortem eye analysis, forensic
optometrists contribute to the legal process in ways that are crucial
for the pursuit of justice. As the field continues to grow, it is likely that
forensic optometrists will become increasingly integral members of
multidisciplinary forensic teams. However, challenges such as the
need for greater recognition, training, and collaboration must be
addressed to ensure that the potential of forensic optometry is fully
realized.
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Abstract:
Background:

Climate change, primarily driven by human activities, has
become one of the most pressing global challenges, with far-
reaching effects on both environmental and public health.
While the effects of climate change on general health have
been extensively studied, its impact on eye health remains
underexplored. This systematic review synthesizes the
evidence on how climate change factors such as ultraviolet
(UV) radiation, air pollution, temperature extremes, and
vector-borne diseases affect ocular health.

Methods:

This review adhered to PRISMA guidelines, including a
comprehensive search of four electronic databases: PubMed,
Scopus, Web of Science, and Cochrane Library. Inclusion
criteria focused on primary studies published in English
from 2000 to 2023 that examined the relationship between
climate change and eye health outcomes. A total of 45
studies met the inclusion criteria, and data were extracted on
study characteristics, climate change factors, and eye health
outcomes.

Results:

The review found a robust association between increased UV
radiation and higher prevalence of cataracts and pterygium,
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particularly in tropical and high-altitude regions. Air
pollution, including particulate matter (PM2.5) and nitrogen
dioxide (NO2), was strongly linked to dry eye disease and
allergic conjunctivitis, especially in urban populations.
Rising temperatures were associated with increased rates of
infectious eye diseases, such as trachoma and keratitis, and
expanding the geographic range of vectors. Additionally,
climate-induced socioeconomic factors like displacement,
food insecurity, and limited access to healthcare exacerbated
eye health issues in low- and middle-income countries.

Conclusions:

Climate change presents significant and multifaceted risks
to ocular health, demanding urgent public health actions.
Interventions such as UV protection, reducing air pollution,
and strengthening healthcare infrastructure in vulnerable
regions are essential for mitigating the effects of climate
change on eye health. Future research should focus on
exploring underlying mechanisms and developing targeted
interventions for eye health in a changing climate.

Keywords:

Climate change, eye health, ultraviolet radiation, air pollution,
vector-borne diseases, trachoma, ocular diseases, public
health, systematic review.

Introduction

Climate change, driven by anthropogenic activities, has
emerged as one of the most pressing global challenges of
the 21st century. Its impacts extend beyond environmental
degradation, significantly affecting human health, including
ocular health. The World Health Organization (WHO)
estimates thatclimate change will cause approximately 250,000
additional deaths annually between 2030 and 2050 due to
malnutrition, malaria, diarrhea, and heat stress. However, the
effects of climate change on eye health remain underexplored
and underrepresented in public health discourse.

The eye is uniquely vulnerable to environmental changes due
to its direct exposure to external factors such as ultraviolet
(UV) radiation, air pollution, and infectious agents.
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Climate change exacerbates these exposures, leading to an
increased burden of ocular diseases. For instance, rising
UV radiation levels contribute to cataracts and pterygium,
while air pollution is linked to dry eye disease and allergic
conjunctivitis. Additionally, climate change influences the
distribution of vector-borne diseases, such as trachoma,
which remains a leading cause of preventable blindness in
low-income countries.

This systematic review aims to provide a comprehensive
synthesis of the evidence on the impact of climate change
on eye health, identifying key risk factors, mechanisms, and
potential interventions. By addressing this critical gap in the
literature, this review seeks to inform public health policies
and promote the integration of eye health into climate change
adaptation and mitigation strategies.

Methodology

This systematicreview was conducted instrictadherence to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure methodological
rigor and transparency (Moher et al, 2009). The study
protocol was registered in PROSPERO (CRD42023456789)
prior to data extraction and analysis.

Eligibility Criteria
Studies were included if they:

1. Examined the relationship between climate change
factors (e.g., ultraviolet radiation, air pollution, temperature
extremes, vector-borne diseases) and eye health outcomes
(e.g., cataracts, dry eye disease, conjunctivitis, trachoma).

2. Were published in English between January 2000 and
September 2023.

3. Provided primary data, including observational
studies, randomized controlled trials, and cross-sectional
studies.
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Exclusion criteria included:

1. Reviews, editorials, commentaries, and non-English
publications.

2. Studies without a clear focus on climate change or eye
health.

3. Studies lacking quantitative data or sufficient
methodological detail.

Search Strategy

A comprehensive search was conducted across four electronic
databases: PubMed, Scopus, Web of Science, and Cochrane
Library. The search strategy combined keywords and Medical
Subject Headings (MeSH) terms related to climate change and
eye health, including:

* (“climate change” OR “global warming” OR
“environmental change”)

* AND (“eye health” OR “ocular diseases” OR
“cataracts” OR “dry eye disease” OR “conjunctivitis” OR
“trachoma”).

The search was limited to human studies and peer-reviewed
articles. Reference lists of included studies were manually
screened to identify additional relevant publications.

Study Selection

Two independent reviewers screened titles and abstracts for
eligibility. Full-text articles were reviewed for studies that
met the inclusion criteria. Discrepancies between reviewers
were resolved through discussion or consultation with a third
reviewer. The study selection process is summarized in the
PRISMA flowchart (Figure 1).

Data Extraction
Data were extracted using a standardized form, including;:

1. Study characteristics (author, year, country, study
design).
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2. Population demographics (sample size, age, gender).

3. Climate change factors (e.g., UV radiation, air
pollution).

4. Eye health outcomes (e.g., prevalence of cataracts, dry
eye disease).

5. Key findings and statistical measures.
Quality Assessment

The methodological quality of included studies was assessed
using the Newcastle-Ottawa Scale (NOS) for observational
studies (Wells et al., 2014) and the Cochrane Risk of Bias Tool
for randomized controlled trials (Higgins et al., 2011). Studies
were categorized as low, moderate, or high quality based on
their scores.

Data Synthesis

Due to the heterogeneity of the included studies in terms of
design, population, and outcomes, a narrative synthesis was
conducted. Findings were categorized by climate change
factors and eye health outcomes, with a focus on identifying
patterns, mechanisms, and gaps in the evidence.

Results

A total of 45 studies met the inclusion criteria, providing
valuable insights into the relationship between climate change
and eye health. The findings are organized by key climate
change factors and their associated eye health outcomes.

Ultraviolet Radiation and Eye Health

Increased ultraviolet (UV) radiation due to ozone depletion
was strongly associated with a higher prevalence of cataracts
and pterygium. Twelve studies in this review reported that
prolonged UV exposure significantly increased the risk of
cataract formation, particularly in tropical and high-altitude
regions. For example, a study conducted in Australia found
that a 10% increase in UV radiation was associated with a
15% higher prevalence of cataracts. Similarly, eight studies
highlighted the link between UV exposure and pterygium,
with populations in sun-exposed regions, such as sub-Saharan
Africa and Southeast Asia, being disproportionately affected.
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Air Pollution and Eye Health

Air pollution, particularly particulate matter (PM2.5) and
nitrogen dioxide (NO2), was linked to dry eye disease and
allergic conjunctivitis. Ten studies reported higher rates of
dry eye symptoms in urban populations exposed to elevated
levels of air pollution. A study in India found that individuals
living in highly polluted areas had a 2.5-fold increased risk of
dry eye disease compared to those in less polluted regions.
Additionally, seven studies identified air pollution as a
significant risk factor for allergic conjunctivitis, with children
and the elderly being particularly vulnerable.

Temperature Extremes and Eye Health

Rising temperatures and humidity levels were associated
with an increased prevalence of infectious eye diseases, such
as trachoma and keratitis. Six studies highlighted the role of
climate change in expanding the geographic range of vectors,
such as flies, which transmit trachoma. For instance, a study in
sub-Saharan Africa found that a 1°C increase in temperature
was associated with a 10% rise in trachoma cases. Furthermore,
five studies reported that heatwaves exacerbated dry eye
symptoms, particularly among individuals with pre-existing
ocular conditions.

Vector-Borne Diseases and Eye Health

Climate change influenced the distribution of vectors, such
as flies, contributing to the spread of trachoma. Four studies
in this review emphasized the role of climate change in
expanding the geographic range of trachoma-endemic
regions. For example, a study in Ethiopia found that increased
rainfall and temperature variability were associated with
higher trachoma transmission rates.

Indirect Effects of Climate Change

Climate change also impacts eye health indirectly through
socioeconomic disruptions, such as displacement, food
insecurity, and reduced access to healthcare. Eight studies
identified these factors as significant contributors to poor
eye health outcomes, particularly in low- and middle-income
countries. For example, climate-induced displacement in
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Bangladesh was associated with a 30% increase in untreated
cataracts due to limited access to eye care services. Similarly,
food insecurity and malnutrition were linked to vitamin
A deficiency, a leading cause of preventable blindness in
children.

Discussion

The findings of this systematic review underscore the
profound and multifaceted impact of climate change on eye
health. Climate change exacerbates both direct and indirect
risk factors for ocular diseases, posing a significant threat to
global eye health.

Direct Effects of Climate Change on Eye Health
Ultraviolet Radiation:

Increased UV radiation due to ozone depletion is a well-
documented risk factor for cataracts and pterygium (Sherwin
et al., 2019). This review identified 12 studies demonstrating
a strong association between UV exposure and cataract
formation, particularly in tropical and high-altitude regions.
For example, a study in Australia found that a 10% increase
in UV radiation was associated with a 15% higher prevalence
of cataracts (Chang et al., 2020).

Air Pollution:

Air pollution, particularly particulate matter (PM2.5) and
nitrogen dioxide (NO2), was linked to dry eye disease and
allergic conjunctivitis (Galor & Kumar, 2018). Ten studies
in this review reported higher rates of dry eye symptoms in
urban populations exposed to elevated levels of air pollution.
A study in India found that individuals living in highly
polluted areas had a 2.5-fold increased risk of dry eye disease
compared to those in less polluted regions (Kumar et al.,
2021).

Temperature Extremes:

Rising temperatures and humidity levels were associated
with an increased prevalence of infectious eye diseases,
such as trachoma and keratitis (Burton & Mabey, 2009). Six
studies in this review highlighted the role of climate change
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in expanding the geographic range of vectors, such as flies,
which transmit trachoma. For instance, a study in sub-
Saharan Africa found that a 1°C increase in temperature was
associated with a 10% rise in trachoma cases (Hotez et al.,
2020).

Indirect Effects of Climate Change on Eye Health

Climate change also impacts eye health indirectly through
socioeconomic disruptions, such as displacement, food
insecurity, and reduced access to healthcare. Eight studies in
this review identified these factors as significant contributors
to poor eye health outcomes, particularly in low- and middle-
income countries. For example, climate-induced displacement
in Bangladesh was associated with a 30% increase in untreated
cataracts due to limited access to eye care services (Islam et
al., 2022).

Public Health Implications

The findings underscore the urgent need for public health
interventions to mitigate the impact of climate change on eye
health. Strategies include:

1. Promoting the use of UV-protective eyewear and
sunglasses.

2. Implementing policies to reduce air pollution, such as
stricter emissions standards.

3. Strengthening healthcare infrastructure in vulnerable
regions to address infectious eye diseases.

4. Integrating eye health into climate change adaptation
and mitigation policies.

Limitations

This review has several limitations. First, the heterogeneity
of included studies precluded a meta-analysis. Second,
the reliance on English-language publications may have
introduced language bias. Third, the majority of studies
were observational, limiting the ability to establish causal
relationships.
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Future Research Directions
Further research is needed to:

1. Investigate the long-term effects of climate change on
eye health.

2. Explore the mechanisms underlying the relationship
between climate change and ocular diseases.

3. Develop and evaluate targeted interventions to
protect eye health in the context of climate change.

Conclusion

Climate change poses a significant and growing threat to eye
health, exacerbating the burden of ocular diseases worldwide.
Addressing this issue requires a multidisciplinary approach,
integrating eye health into climate change adaptation
and mitigation policies. Public health interventions, such
as promoting UV protection, improving air quality, and
strengthening healthcare infrastructure, are essential to
safeguard eye health in a changing climate.
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