
1395

Int J Ophthalmol,    Vol. 19,    No. 7,  Jul. 18,  2026        www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

·Review Article·

Factors affecting color vision: a systematic review

Faezeh Fayaz1, Ebrahim Jafarzadehpur2, Morad Amir Ahmad3, Rasoul Amini Vishteh1, 
Mohammad Reza Pishnamaz1, Mohammad Saeid Hoseinzade1, Leila Mirzaee Saba4, Mohammad 
Kamali5, Abbasali Yekta6, Mehdi Khabazkhoob7

1Rehabilitation Research Center, Department of Optometry, 
School of Rehabilitation Sciences, Iran University of Medical 
Sciences, Tehran 1545913487, Iran
2Noor Ophthalmology Research Center, Noor Eye Hospital, 
Tehran 1983963113, Iran
3Department of Optometry & Physiotherapy, Erbil Technical 
& Medical Health Collage, Erbil Polytechnic University, Erbil, 
Kurdistan Region 44001, Iraq
4Noor Research Center for Ophthalmic Epidemiology, Noor 
Eye Hospital, Tehran 1968653111, Iran
5Department of Rehabilitation Management, Rehabilitation 
Research Center, School of Rehabilitation Sciences, Iran 
University of Medical Sciences, Tehran 1545913487, Iran
6Department of Optometry, School of Paramedical Sciences, 
Mashhad University of Medical Sciences, Mashhad 
1394491388, Iran
7Department of Medical Surgical Nursing, School of Nursing 
and Midwifery, Shahid Beheshti University of Medical 
Sciences, Tehran 1983969411, Iran
Correspondence to: Ebrahim Jafarzadehpur. Noor 
Ophthalmology Research Center, Noor Eye Hospital, Tehran 
1983963113, Iran. jafarzadehpour.e@iums.ac.ir
Received: 2025-05-05        Accepted: 2025-10-22

Abstract
● AIM: To summarize the influencing factors of color vision 
and their clinical implications, with an emphasis on the 
roles of genetic, environmental, demographic factors as well 
as ocular and systemic disorders.
● METHODS: Relevant literatures published from 2014 
to 2024 were systematically retrieved from six databases 
including PubMed, Embase, Scopus, Web of Science, 
Cochrane Library, and Google Scholar. Search terms mainly 
covered color blindness, color vision deficiency (CVD), 
prevalence, incidence, protan, deutan, tritan, determinants, 
and risk factors. Eligible original English studies were 
screened according to predefined inclusion and exclusion 
criteria. Data extraction and quality evaluation were 
independently completed by two researchers. Qualitative 
systematic review was finally performed due to obvious 

inter-study heterogeneity.
● RESULTS: A total of 50 eligible studies were enrolled. 
The prevalence of CVD was markedly higher in males than 
in females. Age, gender, ethnicity, and occupation were 
closely correlated with CVD. Males and individuals aged over 
60y were more vulnerable to red-green CVD. Occupational 
ultraviolet radiation exposure, systemic diseases including 
diabetes mellitus and hypertension, as well as optic nerve 
lesions were confirmed as vital risk factors for abnormal 
color vision.
● CONCLUSION: Apart from genetic and congenital 
factors, environmental exposure, aging, occupational 
characteristics, and various ocular and systemic diseases 
that impair retinal and optic nerve function can also affect 
color vision function. Clarifying these influencing factors 
helps ophthalmologists formulate targeted prevention 
schemes and individualized clinical interventions. Further 
well-designed longitudinal studies covering more diverse 
populations are still required in this field.
● KEYWORDS: color vision; influencing factors; genetics; 
environment; aging; ocular and systemic diseases
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INTRODUCTION

C olor vision is a vital aspect of human visual perception, 
allowing us to distinguish and interpret a wide range of 

colors[1]. The main retinal neurons responsible for conscious 
vision consist of two broad types of cells: rods and cones[2]. 
In a normal retina, rods facilitate scotopic (nocturnal) vision, 
while cones are primarily used for photopic (daylight) vision[3]. 
The ability to perceive colors is mainly facilitated by cone cells 
in the retina, which are sensitive to different wavelengths of 
light[4]. The physiological basis of trichromatic color vision lies 
in the cone photoreceptors, which consist of three subtypes: 
cones sensitive to long (L-), medium (M-), and short (S-) 
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wavelengths. These have spectral sensitivity peaks around 
558 nm (L-cone), 531 nm (M-cone), and 419 nm (S-cone)[5-7].
Signals from cones are transmitted via ganglion cells and 
lateral geniculate bodies to the visual cortex (V1), resulting in 
perception of the full color spectrum[8]. However, sometimes, 
due to genetic, congenital, or acquired factors, the cone cells 
may not function properly or may be insufficient in number, 
leading to issues with color vision, typically resulting in color 
vision deficiency (CVD). While researchers have significant 
knowledge about the genes causing color vision problems, 
these genes represent only a portion of the factors affecting 
color vision. Other factors such as demographic characteristics, 
environmental influences, and systemic and ocular diseases 
may also contribute to changes in color vision. Congenital 
CVD, usually involving red-green defects due to X-linked 
mutations, should be differentiated from acquired CVD, which 
often involves blue-yellow changes associated with ocular or 
systemic disease. As individuals age, various physiological, 
anatomical, neurological, and environmental changes occur 
in the eye that can affect its performance[8]. With aging, the 
crystalline lens becomes more yellow and dense, impacting 
light transmission, particularly in the blue spectrum[9]. The 
retina also undergoes changes, such as a reduction in the 
number of active photoreceptors[10]. Environmental factors, like 
exposure to certain chemicals or toxins and workplace hazards, 
can also lead to alterations in color vision[11-12]. Systemic and 
neurocognitive disorders, such as diabetes, Parkinson’s disease, 
and ocular diseases like macular degeneration, may also impair 
color vision[13-15]. Sometimes, changes in color vision can be 
early indicators of these issues[16]. Importantly, in some cases, 
color vision changes may serve as an early clinical indicator 
of these conditions[17]. Some evidence suggests that prolonged 
exposure to digital devices and blue light may lead to color 
vision deficiencies[18].
This systematic review aims to provide an overview of the 
factors affecting color vision. Our objective is to identify and 
categorize the various factors that can impact color perception 
and offer insights that could lead to the development of 
better diagnostic tools, more effective treatment methods, 
and guidelines to mitigate the influence of external factors on 
color vision. The paper also identifies existing gaps in current 
literature and proposes recommendations for future research 
to advance our understanding of this crucial aspect of human 
visual function.
MATERIALS AND METHODS
Information Sources and Search Strategy  This systematic 
review was conducted by searching six major databases: 
Google Scholar, PubMed, Scopus, Web of Science (WOS), 
Embase, and Cochrane Library. The last search was performed 
on December 31, 2024. The search included studies published 

between 2014 and 2024. The search strategy was based on a 
combination of keywords and search terms such as: “Color 
Blindness”, “Prevalence”, “Color Vision Deficiency”, “Protan”, 
“Deutan”, “Tritan”, “Determinant”, “Incidence”, “Risk Factor”, 
and “Associated”. (“Color Blindness” OR “Color Vision 
Deficiency” OR “Protan” OR “Deutan” OR “Tritan”) AND 
(“Prevalence” OR “Incidence” OR “Determinant” OR “Risk 
Factor” OR “Associated” OR “Distribution”). In PubMed, the 
exact search string applied was: (“Color Blindness” OR “Color 
Vision Deficiency” OR “Protan” OR “Deutan” OR “Tritan”) 
AND (“Prevalence” OR “Incidence” OR “Determinant” OR 
“Risk Factor” OR “Associated” OR “Distribution”).
These terms were selected to ensure a comprehensive capture 
of studies related to color vision deficiencies and associated 
risk factors.
Inclusion and Exclusion Criteria  Studies were selected 
based on the following inclusion criteria: 1) Articles focusing 
on the prevalence, incidence, and risk factors or determinants 
of CVD; 2) Studies addressing specific subtypes of color 
blindness such as Protan, Deutan, and Tritan; 3) Articles 
published between 2014 and 2024; 4) Articles published in 
English.
The exclusion criteria included: 1) As English-language 
inclusion inherently excludes other languages, non-English 
publications were not considered; 2) Studies unrelated to 
CVD; 3) Letters, and conference abstracts with incomplete 
or unavailable full-text; 4) Review articles were excluded to 
prevent double counting and potential bias.
Study Selection: The study selection process was conducted 
in three steps: 1) identification of records through database 
searches; 2) screening of titles and abstracts; 3) full-text 
assessment for eligibility. The number of records at each stage 
has been presented in a PRISMA flow diagram (Figure 1). 
Data Analysis  Due to the heterogeneity of the included 
studies, no statistical analysis (Meta-analysis) was performed. 
Instead, a descriptive synthesis was conducted. The findings 
of the studies were qualitatively reviewed and summarized to 
identify patterns in the prevalence and risk factors associated 
with CVD.
RESULTS
Totally 50 studies were included after applying the PRISMA 
selection process (Table 1) covering various populations 
from different geographic regions and age groups[11-15,17,19-62]. 
A total of 4624 records were identified across databases 
(PubMed 324, Scopus 950, Web of Science 800, Embase 700, 
Cochrane Library 150, Google Scholar 1700). After removal 
of duplicates and automated ineligible records (n=1100), 
3524 records remained for title/abstract screening. Following 
screening, 474 full texts were sought, of which 20 could not be 
retrieved. A total of 454 articles underwent full-text assessment, 
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with 404 excluded (reasons: irrelevant outcomes, insufficient 
data, review articles, other). Finally, 50 studies were included 
in the qualitative synthesis (PRISMA flowchart, Figure 1). The 
prevalence of CVD varied significantly based on factors such 
as gender, age, ethnicity, and occupation. Review articles were 
excluded to prevent duplication and reduce risk of bias.
Prevalence and Demographic Factors  Several studies 
reported a higher prevalence of CVD in men compared to 
women. For example, in Republic of Korea, Kim and Ng[19] 

observed a prevalence of 5.6% in men versus 1% in women. 
Similar gender disparities were found in studies conducted in 
Southern Taiwan, China (Kuo et al[20]) and Iran (Hashemi et 
al[22]), where men, especially older adults, exhibited a higher 
prevalence of red-green color blindness. Age also played a 
significant role, with older adults (60+) showing increased 
susceptibility, particularly in association with hypertension 
and glaucoma (Hashemi et al[22]). These findings suggest 
that ophthalmologists should consider routine color vision 
screening in older adults and high-risk male populations to 
support early diagnosis and management.
Geographic and Ethnic Variations  Studies conducted in 
Ethiopia (Gudeta and Asrat[23]) and China (Gao[21]) highlighted 
the role of ethnic and education factors. In Ethiopia, CVD 
prevalence was reported among different ethnic groups, with 
the Amhara population showing the highest rate (7.45%), 

followed by the Oromo (5%) and Gurage (2.13%). Meanwhile, 
in China, individuals with higher education levels had lower 
rates of CVD, indicating a possible link between education and 
awareness of the condition.
Occupational and Environmental Influences  Occupational 
factors were another significant determinant of CVD. For 
instance, welders in Iran exposed to ultraviolet light over long 
periods exhibited higher rates of color vision issues (Heydarian 
et al[32]). Additionally, truck drivers in Saudi Arabia and miners 
exposed to lead and zinc in Iran also showed an increased 
prevalence of CVD (Jafarzadehpur et al[40]; Fattahi et al[12]). 
Students and professionals in visual-demanding fields such as 
dentistry also demonstrated higher rates of CVD (Ngente et al[24]). 
Chronic exposure to digital devices and blue light was also 
identified as a potential environmental risk factor in some studies.
Health-Related Risk Factors  Health conditions such as 
diabetes, hypertension, and optic neuropathy were identified 
as risk factors for CVD. Diabetic patients, particularly 
those with diabetic retinopathy, showed significant visual 
impairment, including color vision deficiencies (Chai et 
al[54]). In another study, chronic exposure to welding light 
and organic solvents was linked to higher rates of CVD in 
industrial workers (Krishnakumar et al[60]). These findings 
emphasize the importance of considering color vision changes 
as an early indicator of systemic diseases such as diabetes and 
hypertension.
Rare and Specific Findings  Certain studies focused on rare 
conditions, such as schizophrenia, a neuropsychiatric disorder 
patient often exhibited various forms of CVD. For instance, 
71.7% of schizophrenia patients in Nigeria showed some 
form of CVD (Balogun and Coker[17]). Similarly, patients 
with thalassemia were reported to develop CVD due to retinal 
pigment epithelium (RPE) degeneration and vascular changes, 
highlighting the need for specialized ophthalmic evaluation in 
such populations.
DISCUSSION
Demographic Factors  Research has shown that with increasing 
age, physiological changes in the visual system occur, gradually 
leading to a decrease in color sensitivity[20-25,27,30,33,35,37-38,40,53,63]. 
These changes are primarily due to the clouding of the lens, 
where transparency of the lens and the refraction of light 
by lens fiber cells, which lack nuclei and other organelles, 
become impaired. This is a hallmark of aging, marked by the 
loss of protein homeostasis in an environment with limited 
metabolism[64]. Cataracts cause significant changes in the 
protan and tritan color vision vectors but do not significantly 
affect the deutan axis[65]. Based on electrophysiological 
measurements and psychophysical studies, researchers have 
confirmed that color discrimination declines mainly along the 
blue-yellow axis with aging[66]. Changes in the lens and the 

Figure 1 PRISMA flow chart  Data extraction and quality assessment: 

Data extraction was carried out independently by two reviewers. 

Key information from the selected studies, including publication 

year, population characteristics, type of color vision deficiency, and 

associated factors, were collected. The quality of the included studies 

was assessed using a standardized checklist for observational studies, 

and studies were evaluated based on these quality criteria.
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reduction of S-cone cells cause a decrease in light absorption 
at shorter wavelengths (such as blue light), leading to a 
diminished ability to detect these colors[67]. Jafarzadehpur 
et al[40] found that with increasing age, due to changes in 
various eye tissues, some individuals may have difficulty 
distinguishing colors overall. Hashemi et al[22], as well as 
Bergholz et al[68], found that these issues could lead to reduced 
distinction in recognizing colors, including red and green. 
Gender differences in color vision are also notable. Women 
generally have better color discrimination and are less likely 
to suffer from color vision deficiencies, while about 8% of 
men experience red-green CVD[16,19-22,24-25,27,30,33-35,37-38,49,63]. Men 
are more affected as color blindness is an X-linked recessive 
trait[30]. These findings highlight the importance of routine 
color vision screening in older adults and men, which can 
help ophthalmologists detect and manage deficiencies early. 
In addition to age and gender, racial factors may also affect 
color vision, though these influences have been studied less 
extensively. One study showed that there are no pigmentary 
(i.e., racial) differences in color vision as measured by two 
psychophysical methods[69]. However, other research suggests 
that differences in the prevalence of color blindness among races 
may be due to racial, genetic, and environmental factors[23,40].
Environmental Factors  Prolonged exposure to sunlight 
can damage retinal cone cells, leading to a reduction in color 
sensitivity, especially in higher-altitude climates where oxygen 
levels are lower, and effects of intense light, such as glare 
and contrast reduction, are observed[46]. Certain chemicals 
can damage the retina, while others can cause changes in the 
lens or optic nerve[60]. The exact pathogenesis of vision loss 
caused by organic solvents is still unclear. Some of the most 
common hypotheses include: 1) degeneration of the visual 
pathway related to axonopathy; 2) direct effects of solvents 
on photoreceptor function; 3) cortical (and/or retinal) changes 
in neurotransmitter systems such as glutamate, dopamine, 
and acetylcholine[70]. The use of certain chemicals (such 
as ethambutol), toxins, and specific drugs can lead to optic 
neuropathy, causing color vision disorders[48]. Miners, due to 
chronic exposure to lead and zinc, may experience color vision 
defects and reduced contrast sensitivity. These color vision 
defects may be either red-green or blue-yellow. Lead can 
accumulate in the RPE, iris, and ciliary bodies. In rabbits, lead 
poisoning causes swelling of the RPE, leading to the loss of 
photoreceptors and, ultimately, color vision defects[12]. Several 
other studies have also established the link between chemical 
exposure and reduced color vision[47-48,71]. Some individuals in 
certain occupations, such as welders, may also develop color 
vision deficiencies; chronic exposure to welding light may 
cause a blue-yellow CVD[72]. Welding produces ultraviolet 
(UV), visible, and infrared (IR) radiation at harmful levels. 

These radiations and their secondary effects are responsible 
for eye hazards seen clinically. Moreover, truck drivers, due to 
a higher likelihood of road accidents and resulting brain and 
spinal injuries, may experience a reduction in the ability to 
distinguish various colors and depth perception[11]. Exposure 
to pollutants (including CO and CS2), particularly in urban 
areas, may lead to eye inflammation, retinopathy, and changes 
in retinal vessels, ultimately contributing to cataracts and 
color vision problems as an environmental factor[73]. Certain 
religious rites and customs may indirectly affect eye health. 
Studies conducted in some Islamic countries suggest that 
a higher percentage of individuals in these societies suffer 
from color vision disorders due to the higher prevalence of 
consanguineous marriages[34]. Higher levels of education are 
usually associated with greater awareness of vision problems, 
while those with lower education may diagnose these disorders 
later or be less likely to seek treatment. Living in certain areas 
and attending public schools may be associated with reduced 
access to healthcare, vision screenings, and lower awareness of 
color vision disorders, which could lead to delays in diagnosis 
and treatment[21,30,36]. Refractive errors also impact CVD; for 
example, the lower prevalence of myopia among individuals 
with CVD supports the role of longitudinal chromatic 
aberration in creating refractive errors[26,28-29,50]. Additionally, 
prolonged use of digital displays may, due to blue light and the 
resulting reactive oxygen species (ROS) production, cause a 
reduction in photoreceptors, lipid peroxidation, cell apoptosis, 
and ultimately, color vision deficiencies[18]. These observations 
reinforce the need for environmental risk assessment and 
preventive strategies in occupational and daily-life settings.
Ocular and Systemic Factors  Having a history of vision 
problems is strongly related to CVD, similar to other eye 
problems, the use of visual aids, and the presence of amblyopia. 
No link has been found between current health issues and 
CVD[27,35]. Cataracts are one of the most common eye 
problems affecting color vision. This disease causes clouding 
of the crystalline lens, preventing light from passing through 
the lens properly, resulting in reduced intensity and accuracy 
of color perception[22,74]. Sabbaghi et al[31] also found that 
neurological diseases can lead to CVD. In fact, CVD is 
associated with lower visual acuity and amblyopia, but no link 
exists between CVD and the type of amblyopia, refractive 
errors, anisometropia, or strabismus. Parkinson’s disease (a 
neuro-cognitive disorder) patients also experience reduced 
color vision due to the accumulation of alpha-synuclein in 
the retina[13]. Other studies have also reported a link between 
CVD and neurological diseases[75-79]. Mental illnesses may also 
affect color vision, with 71.7% of examined schizophrenia 
patients (a mental disorder) exhibiting various types of 
CVD[17]. These findings highlight the potential utility of color 
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vision testing in neurological and psychiatric assessments. 
The use of antipsychotic medications in treating psychotic 
disorders has been associated with various side effects, 
including the development of cataracts, one of the leading 
causes of blindness worldwide. It has been reported that 
about 10.2% of psychiatric patients taking antipsychotic 
medications have color vision deficiencies[17]. Other drugs 
may also temporarily or permanently affect color vision. For 
example, the use of antimalarial drugs or drugs used to treat 
cardiac arrhythmias may lead to color vision disorders[55,61]. 
Previous studies have shown that CVD, following retinal 
toxicity, results in damage to the outer retinal structures, 
retinal ganglion cells, the inner plexiform layer, and the retinal 
nerve fiber layers[80-83]. Endocrine diseases and hormonal 
disorders can also lead to color vision impairment. Endocrine 
hormones, including thyroid hormones, affect the diversity 
and regulation of cone cells and, subsequently, color vision 
by impacting monocarboxylate transporter 8 (MCT8), a 
membrane transporter in the pigmented epithelium. It can 
influence the gene expression of cone cells, leading to 
disruptions in electroretinogram responses[41]. Other studies 
have also demonstrated the influence of thyroid function 
on color vision[84-86]. Changes in color vision are an early 
sign in diseases where the optic nerve is under pressure, 
such as in optic neuropathy related to thyroid disease and 
optic neuritis[16,62]. Trauma to the optic nerve can also cause 
CVD due to axon damage and possible ischemia[57]. Ocular 
manifestations in neurological disorders associated with 
KIF1A (KAND) can also lead to CVD[42]. Other syndromes 
with neurological origins, such as congenital bilateral 
nonsyndromic hearing loss (autosomal recessive NSHL), 
show reduced visual acuity and poor color discrimination[87]. 
Cross-sectional studies indicate that individuals with cognitive 
impairments, such as Alzheimer’s disease patients, have 
weaker visual function, including color vision, contrast 
sensitivity, and visual fields, compared to individuals with 
normal cognition. This is due to the accumulation of abnormal 
protein deposits (Lewy bodies) in the brain[75,88]. Schultz et 
al[15] found that retinal diseases, such as macular degeneration, 
can directly affect cone cells responsible for color detection, 
leading to CVD. Congenital diseases like Leber’s congenital 
amaurosis and retinitis pigmentosa (RP) can also impair the 
optic nerve and retinal photoreceptors, resulting in CVD[45,52,89-90]. 
These diseases are usually associated with reduced sensitivity 
to medium- and long-wavelength colors, such as green and red. 
Increased intraocular pressure or glaucoma can damage the 
optic nerve and reduce sensitivity to colors. In advanced stages 
of the disease, recognizing colors, especially in peripheral 
visual fields, becomes more difficult. Studies have indicated 
that glaucoma and hypertension are significantly associated 

with red-green CVD[22], although another study suggested that 
glaucoma is related to blue-yellow CVD[52]. Central retinal vein 
occlusion or central retinal vasculitis caused by syphilis[44,58] 
and other retinal vascular diseases, such as diabetic retinopathy, 
a common complication of type 1 and type 2 diabetes, can 
lead to the loss of cone cells responsible for color detection, 
causing CVD. Neriyanuri et al[14] found that in addition to 
retinopathy, diabetic neuropathy can also lead to optic nerve 
damage and impair color processing along the retina-cortex 
pathway in the brain. This issue can cause diabetic patients to 
experience confusion and reduced accuracy in color recogni
tion[14,44,54,56,59,91-93]. Studies have shown that diabetic patients 
often face greater difficulty in recognizing shorter wavelength 
colors, such as blue and yellow[56]. This impairment may be 
due to the long-term effects of high blood sugar on retinal and 
optic nerve function. Moreover, diabetes can also increase the 
risk of developing cataracts, which is recognized as a factor 
contributing to reduced color vision quality. The combination 
of these two issues (diabetes and cataracts) can severely 
diminish color recognition abilities in patients. Additionally, 
Heydarian et al[32], after reviewing the literature, concluded 
that iron toxicity in the body leads to night blindness, color 
vision defects, visual field defects, visual acuity disturbances, 
and RPE changes due to the deposition of ferritin in the retinal 
vessels and the retinal pigment layer, as well as in other 
organs like the pancreas. They also found that patients with 
thalassemia suffer from color vision defects, which are caused 
by retinal disorders in thalassemia patients, such as RPE 
degeneration, peripheral and central retinal thinning, venous 
twisting and occlusion, retinal hemorrhaging and edema, 
increased cup-to-disc ratio, and macular scarring[32].
Genetic Factors  Color vision disorders often occur due to 
genetic defects in the genes related to retinal cone cells. These 
genes are mainly located on the X chromosome, which is 
why these disorders are more common in men[94]. Red-green 
color blindness is one of the most common genetic color 
vision disorders, caused by mutations in the OPN1LW and 
OPN1MW genes[95]. These genes are responsible for producing 
proteins that help cone cells detect red and green colors[95-96]. 
Blue-yellow color blindness, or tritanopia, is a rarer genetic 
disorder caused by a defect in the OPN1SW gene located on 
chromosome 7, and it is usually inherited in an autosomal 
dominant manner[97-98]. Additionally, research has shown 
that in some families, the inheritance pattern of color vision 
disorders is such that multiple generations may be affected 
by these conditions[99-100]. This indicates the significant role 
of genetic factors in this field. Achromatopsia (ACHM) and 
RP are hereditary disorders caused by mutations in the cone 
and rod photoreceptor genes, respectively. ACHM severely 
impairs daytime vision, while RP initially affects night vision 
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and later impacts daytime vision. Currently, gene therapy 
treatments using recombinant adeno-associated viral vectors 
(rAAV) are being developed for various forms of ACHM and 
RP[101]. Research has shown that red contact lenses (RCL) can 
enhance performance on the Ishihara color vision test. The 
most effective lenses had reduced light transmission between 
450–568 nm and allowed 90% of light to pass beyond 637 nm. 
Lenses that blocked more light in the 550–580 nm range 
were particularly helpful for individuals with more severe 
color vision deficiencies. Those with moderate to severe 
color blindness may benefit from red-tinted lenses, as the 
tint enhances luminance contrast, helping them make fewer 
mistakes on the Ishihara test. However, additional research is 
needed to determine if these lenses offer practical benefits in 
everyday settings[102]. This addition highlights potential clinical 
interventions and future research directions.
Conclusion and Limitations  This systematic study provides 
an in-depth look at the factors affecting color vision. We 
reviewed numerous studies on genetic, demographic, 
environmental, physical, ocular, and systemic disease factors 
that play a role in color vision. The findings reveal that color 
vision is a complex process influenced by various factors 
such as hereditary color blindness and age-related ocular 
changes. We also found that certain diseases, medications, 
and occupational hazards can alter color vision by affecting 
the optic nerve and retina. Awareness of these factors helps 
us design better tests, provide personalized treatments, and 
establish regulations to protect color vision in different settings, 
and also prevent the progression of color vision defects in 
diseases such as RP. Despite being comprehensive, this review 
has limitations that should be considered. First, the studies 
we reviewed used various methods and had different sample 
sizes and populations, which makes it difficult to generalize 
the results and draw overall conclusions. We also encountered 
challenges in data synthesis due to the different methods used 
to assess and diagnose color vision issues. In addition, the 
possibility of publication bias and selective reporting may have 
influenced the available evidence, and some studies did not 
adequately control for confounding factors such as systemic 
comorbidities, medication history, and occupational exposures. 
Furthermore, many studies focused on specific groups or were 
conducted at a single point in time (cross-sectional), which 
may have overlooked long-term effects or causal relationships. 
To better understand the factors influencing color vision, 
future studies should aim to use more standardized methods 
and cover a wider range of individuals and factors. It is 
recommended that future research explore the long-term 
effects of various factors on color vision indices through 
longitudinal studies.
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