


Do X-Chrome Contact Lenses help in the management of Colour Vision deficiency: A Review

	Abstract
Aim- To assess the Prevalence of Colour Vision Deficiency (CVD) and X-Chrome Contact Lenses help in the management of CVD?
Background-  Colour Vision Deficiency (CVD) affects Colour perception, commonly red-green, which impacts daily life and career opportunities. This review evaluates the role of soft X-chrome contact lenses in enhancing colour discrimination for individuals with congenital CVD. These lenses are worn in one eye, which creates retinal rivalry and improves contrast between colour. Previous studies reported improved test performance.
Methodology- This review was conducted after collecting, evaluating, and synthesizing existing articles easily available on search engines (PubMed, Google Scholar, and Web of Science). A comprehensive literature search was carried out using an electronic database. The search included studies published till July 2025, with the English language initially applied. Keywords (X-chrome contact lens, Colour Vision deficiency) were also used for searching available articles. Boolean operators (and, or, not) were employed to refine search results.
Results-  Brich J et al reported, Globally there were  8% of males and 0.4% of females are diagnosed with CVD, as a result of either alterations or absence in the absorption spectrum of Photopigment.[2] Shah A, Hussain R et al have reported in 2013, Eastern India, that 8.73% of males and 1.69% of females as colour blind.[3] As per M. Fareed et. al average prevalence of CVD in Jammu State of India was 7.52% observed in males and 0.83% in females. Similarly, the frequency of red-green colour blindness among males of Libya is 2.2%, Saudi Arabia 2.9%, Nepal 3.9%, Singapore 5.3%, Thailand 5.6%, Korea 5.9%, Turkey 7.3%, Iran 8.1%, Jordan 8.7%, and Eastern India 8.73% was found to be higher than that among females.[4] In 2020 Kundu, et. al found that the prevalence of CVD in India was in Males i.e., 3.89% and in Females, 0.18%.[5] 
Conclusion- Prevalence of CVD vary region-wise. X-Chrome lenses are not curative, but they offer valuable support in distinguishing colors was investigated in this narrative review.
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Introduction 
Background 
Colour vision deficiency (CVD) is the inability to perceive colour or differentiate certain colors excited by light of different wavelengths. We can see colors due to the presence of cone photoreceptor cells in the retina of the eye. Red, Green, and Blue are three types of cones that have light-sensitive pigments that enable us to recognize the colour. These light-sensitive pigments perceive signals which transmitted from the optic nerve to the brain, and we can differentiate between the countless shades of colour. But in case cones are unable to perceive information, then the person is unable to see colors. According to McClements M et al., due to mutation or rearrangement of the encoding of the wavelength of sensitive cone pigments, which may result in CVD. This is mostly inherited X-linked recessive inheritance, but it may also be acquired, i.e., due to conditions like Diabetes, Glaucoma, Macular Degeneration, and Retinitis Pigmentosa; excessive use of therapeutic drugs like Barbiturates, Digoxin, Chloroquine, Ethambutol, and Phenytoin; or intracranial injury. Acquired CVD is reversible in some conditions, but Congenital CVD is irreversible [1]. The most prevalent variant is red-green colour deficiency, which may present as either Protanopia (diminished sensitivity to red wavelengths) or Deuteranopia (diminished sensitivity to green wavelengths).[16] Individuals diagnosed with Protanopia may encounter challenges in differentiating between red and green colors, whereas those with Deuteranopia might interpret these colors as various shades of grey. Blue-yellow colour deficiencies, which are less frequently observed, include Tritanopia, characterized by reduced sensitivity to blue wavelengths, resulting in difficulties in distinguishing between blue and yellow colors. Total colour blindness, clinically referred to as Achromatopsia, is uncommon but leads to a complete inability to perceive colour, rendering the visual experience in shades of grey.[18,16] In congenital cases, one may observe Protan and Deuteran deficiencies, whereas in acquired instances, the manifestation of Tritan deficiency is noted.[14]
The colour vision assessments can be delineated into four distinct subcategories. 
1. Pseudoisochromatic plate assessments, wherein the participant is tasked with identifying a numeral (predominantly), a letter, or a geometric shape that is embedded within a background and differentiated solely based on chromatic quality.
 2. Arrangement assessments, wherein the participant is required to systematically organize a collection of hues into a sequenced array predicated on chromatic tone (typically) or to group colors according to a specific attribute (most frequently involving the separation of colors from greys). 
3. Matching assessments, wherein the participant must modulate two hues until they achieve congruity, report on the correspondence of a pair of colors as either matching or non-matching, or select the most suitable match from a range of presented options.
 4. Naming assessments, wherein the participant is required to accurately identify a colour and/or respond with an appropriate action that is prompted by the correct identification of the colour (such as cessation or initiation) without the necessity of explicitly naming the colour.[10]

Mechanism of Action 
X-Chrome lens is a corneal Soft contact lens which corrects colour deficiency when applied to the non-dominating eye. X- Chrome lens is a broadband filter in the form of a contact lens that is used in one eye and also helps in a binocular viewing situation.[1,18] These lenses do not affect the visual acuity or contrast sensitivity of subjects wearing them. The red and orange lenses absorb shorter wavelengths of light, facilitating red-green color blindness to improve on techniques for testing red/green defect i.e., Ishihara’s and Anomaloscope. However, green lenses may have improved hue discrimination on Edridge Green Lantern. Thus, these X-Chrome lenses appear to be complementary to one another, and different lenses may improve performance in different situations.[1,18] These lenses are red or green in colour in the centre and transparent in periphery. The principle is to produce retinal rivalry, which allows the brain to more effectively differentiate between colour hues by individuals.[15,16,23, 24] Information from each eye is alternated during retinal rivalry, leading to a new perception of colour discrimination in the observer. For those with colour deficiency, red filters have been proposed as a therapeutic approach. These filters may enhance colour perception in a scene, give it a warmer tone, and create contrast between different colors by preferentially transmitting red wavelengths and absorbing other colors.[18] The lens works as follows: If a person with colour deficiency wears a red-tinted lens and sees an object of red and green colour, the green portion will look darker compared to the red colour, and the merging of the two colors seen before will be seen separately.[13] These yearly disposable red-tinted soft X-chrome lenses feature a type O design. Only the red zone, between 590 and 700 nm, where the lens considerably transmits light, is present.[9]
 Clinical Efficacy of X-Chrome Lenses
Several studies have evaluated the clinical outcomes of using X-Chrome lenses and red filters in patients with colour vision deficiency. Brinda HS and colleagues reported that wearing X-Chrome lenses did not significantly impact contrast sensitivity. In contrast, a study by Jabbar et. al identified a small but meaningful reduction in contrast sensitivity following the use of both X-chrome lenses and red-tinted filters. Additionally, both Jabbar et. al and Mutalib HA et. al observed that these interventions could impair stereopsis (depth perception), suggesting a trade-off between improved colour perception and reduced spatial vision. Importantly, none of the reviewed studies included long-term follow-up, which limits our understanding of the sustained effects and adaptability over time.
As a result, it is suggested that individuals with colour vision deficiencies employ red filters or X-chrome contact lenses to enhance their colour vision, particularly if they work in areas that require precise colour discrimination, such as graphic design or fine art.[18] Lailung S demonstrates the effectiveness of soft X-chrome lenses in enhancing congenital colour vision deficiency, particularly red-green impairments, through a case report.[9] Early Screening and Medical professionals with CVD should be informed and trained to mitigate clinical risks, though more research is needed to establish clinical guidelines.

Paediatric Consideration
Previous studies suggest that early prescription of X-chrome lenses in children may provide better adaptation and support in overcoming academic difficulties. Minimal changes in visual acuity and contrast sensitivity have been observed when used binocularly.[13] Early intervention is particularly valuable for individuals pursuing professions where accurate colour perception is essential, such as aviation, healthcare, and technical fields.
The prevalence, effects, and diagnostic techniques for CVD were compiled in the paper, which also evaluated X-Chrome lenses critically in this regard. Routine screening for colour vision deficiency should be integrated into school health programs and pre-employment evaluations, especially for roles demanding precise colour discrimination. Medical professionals with CVD should be informed and trained to mitigate clinical risks. Continuous research and technological innovation are essential to enhance the comfort, safety, and functionality of these optical aids. 
Methodology- This review was conducted after collecting, evaluating, and synthesizing existing articles easily available on search engines (PubMed, Google Scholar, and Web of Science). A comprehensive literature search was carried out using an electronic database. The search included studies published till July 2025, with the English language initially applied. Keywords (X-chrome contact lens, Colour Vision deficiency) were also used for searching available articles. Boolean operators (and, or, not) were employed to refine search results. We conducted a comprehensive review of existing research on the selected topic.
Inclusion - studies focusing on the use of x-chrome for CVD
Clinical studies on humans
Expert opinions and conference proceedings relevant to the topic.
Exclusion  Studies not involving 
Anomal studies
Manuscript directly related to CVD management
Duplicates and inaccessible full texts.
Objectives/ Research question- clearly articulate the research question.
Develop search strategy- identify relevant databases, journals, and sources.
Conduct a Literature search- search databases, journals, and other sources using the developed search strategy


Flow chart 1: Study protocol 
Results
Brich J et. al reported, Globally there were  8% of males and 0.4% of females are diagnosed with CVD, as a result of either alterations or absence in the absorption spectrum of Photopigment.[2] Shah A, Hussain R et. al have reported in 2013, Eastern India, that 8.73% of males and 1.69% of females as colour blind.[3] As per M. Fareed et. al average prevalence of CVD in Jammu State of India was 7.52% observed in males and 0.83% in females. Similarly, the frequency of red-green colour blindness among males of Libya is 2.2%, Saudi Arabia 2.9%, Nepal 3.9%, Singapore 5.3%, Thailand 5.6%, Korea 5.9%, Turkey 7.3%, Iran 8.1%, Jordan 8.7%, and Eastern India 8.73% was found to be higher than that among females.[4] In 2020 Kundu, et. al found that the prevalence of CVD in India was in Males i.e., 3.89% and in Females, 0.18%.[5]  
According to Previous literature, CVD may affect on day-to-day life, education, and career of an individual. Steward JM finds that CVD causes difficulties in sports practice, which requires colour. Maristela Stoianov and Long, and Junghans discuss the challenge that athletes experience because of the frequently used colour on maps used for guidance in orienteering competitions. According to T. Pramanik et. al, careers related to medicine are most frequently studied in the context of occupation in CVD individuals.[6] The difficulties faced by the colour-deficient medical students and doctors in their work were documented, where they expressed their own experiences, and a few studies reported that students of health sciences and medical/dental practitioners, who are partially or totally colour blind, experience a wide range of difficulties in their practice of medicine and in clinical and laboratory skills.[6] Shiva Ram Male et. al showed that patients with colour vision impairments in India have a poor quality of life (QoL), which has an impact on their productivity at work and in their occupation as well as their psychological and financial well-being.  From childhood to adulthood, it affects many aspects of daily life.  Daily life, early learning and development, academic and professional performance, and health-related activities may all be impacted.[7]  At least one‑quarter of the individuals had been denied jobs, such as in the army and police, due to colour vision defects.[8] Due to this, individual have to change their career options. Without normal colour perception, humans will face many challenges in life, impacting their quality of life.[11] A previous study has shown that 90% of Dichromats and 66% of anomalous Trichromats had difficulties in their daily activities related to their CVD.[12] Individuals exhibiting colour vision deficiency will encounter substantial challenges in interpreting traffic light signals, navigating cartographic representations, assessing the ripeness of fruit, recognizing colour codes established for safety protocols and index labelling, coordinating compatible apparel, appreciating diverse forms of entertainment, in addition to facing constraints in the selection of crucial vocations, including law enforcement, military service, aviation, commercial driving, among others.[11,7]

fig 1 : Prevalence of Red-Green Colour Blindness in Males across countries
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As Colour Vision is not an emergency like other visual impairments, screening is done for assessment of Colour vision, which can be conducted through Ishihara’s Pseudoisochromatic Plates. At present, both Ishihara’s Pseudoisochromatic Plates and Edridge’s Green Lantern are the two methodologies integrated within the Gazette of India for executing medical evaluations of candidates before their recruitment into various government services associated with distinct professions. However, the anomaloscope is regarded as the most precise instrument for the assessment and categorization of colour blindness, thus earning its designation as the gold standard.[1]
Discussion
At present, there exists no definitive therapeutic intervention for colour vision deficiency (CVD). Nonetheless, a plethora of researchers are engaged in the development of colour vision aids aimed at assisting individuals with colour deficiencies in enhancing their overall quality of life. Numerous types of aids are accessible in the marketplace, including tinted eyeglasses, specially Tinted Contact Lenses, and Optoelectronic spectacles [20]. The majority of these aids employ the principle of a red filter to augment colour perception. This phenomenon occurs because a red filter enhances the transmission of longer wavelengths by effectively absorbing shorter and medium wavelengths. Consequently, the distinction between red and green hues can be more readily perceived [21]. Diaconu et. al also documented an enhancement in the perception of red hues, which correlated with a diminished perception of green and yellow hues when red filters were applied to protan individuals.[19] Various studies have investigated the efficacy of these aids for individuals with CVD.[20]. One study utilizing Enchroma spectacle lenses was conducted with 48 individuals exhibiting colour defects. The findings indicated that these lenses only improved colour perception for 5% and 9% of colour defectives during the administration of Ishihara and Farnsworth-Munsell 100 hue (FM 100 hue) tests, respectively.[22]   VINO spectacle lenses were employed in an alternative study involving 52 individuals with colour vision deficiencies, who were assessed using the Ishihara test and the FM 100 Hue test [11]. The application of tinted lenses, including soft X-chrome CL, primarily addresses red-green color deficiencies.[9]
X-chrome represents a chromatically coded contact lens, utilized monocularly in the non-dominant ocular region to improve red-green colour defect and distinguish between colors by allowing them to compare different contrasts perceived by the two eyes.[9,13] However, because the red-green defect is linked to inheritance, this lens only enhances inherited colour vision deficiency (CVD).[15,16]  Its primary efficacy lies in addressing congenital Protan and Deuteran deficiencies. The lens modifies the psychological variables associated with colour deficiency. Colour vision deficiency is categorically divided into two classifications: inherited colour vision deficiency and acquired colour vision deficiency. This particular lens exclusively addresses inherited colour deficiencies. It temporarily alleviates partial colour vision deficiency, thereby enabling the individual to discern between various colors.[13]  Therapeutic modalities for the improvement of substandard colour perception are very few. Schmidt in 1976 described the use of red filters for the treatment of colour-deficient subjects.[15] The inventor of the X-chrome lens states that the lens is not a cure but an aid that provides clues for better colour vision, which is not to be used by persons with binocular problems (such as amblyopes and suppressors).[13] The journey of X-chrome lenses, originating in Zeltzer’s 1971 invention, aimed to address colour vision deficiencies.[17] He compared the correction of deficient colour vision by a red contact lens to the correction of myopia by a concave lens. [15] Ongoing refinement efforts sought to address challenges such as depth perception issues and reflect the evolving landscape of interventions.[9] These contact lenses have been marketed through general advertisements. Various lens systems, such as X-Chrome lens or ChromaGe,n are available. The tint also varies from model to model [15]. Various studies have claimed improvement in colour perception while using X-Chrome Lens. Despite some reported clinical benefits, there are still drawbacks, including inconsistent efficacy and possible visual trade-offs.
Conclusion 
Career decisions and day-to-day functioning are greatly impacted by color vision deficiency (CVD), especially in occupations that demand precise color perception. Prevalence of CVD vary region-wise all over the world. Although current interventions like X-Chrome lenses are not curative, they offer valuable support in distinguishing different colors was investigated in this narrative review. 
 
Clinical Significance
This review gives the prevalence and  best option or easily available method of management of CVD, which improves the level of help in quality of life and for occupational requirements.
Limitation
This review is limited by the small number of clinical studies available on X-chrome lens use, with many relying on short-term or case-based observations. Most studies lack long-term follow-up and standardized outcome measures. Generalization is also limited due to variation in study populations and testing conditions. Search engines used were PubMed & Google Scholar.
The effectiveness of soft X-chrome contact lenses can vary depending on the severity and type of CVD. Actually, these lenses do not cure/ restore normal colour vision but enhance colour discrimination.
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