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Abstract

e 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.

e 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.

e 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.

o 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.
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INTRODUCTION

olor vision is a vital aspect of human visual perception,
C allowing us to distinguish and interpret a wide range of
colors'". The main retinal neurons responsible for conscious
vision consist of two broad types of cells: rods and cones™.
In a normal retina, rods facilitate scotopic (nocturnal) vision,
while cones are primarily used for photopic (daylight) vision™.
The ability to perceive colors is mainly facilitated by cone cells
in the retina, which are sensitive to different wavelengths of
light™. 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)””.
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. 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’™. With aging, the
crystalline lens becomes more yellow and dense, impacting
light transmission, particularly in the blue spectrum®. The
retina also undergoes changes, such as a reduction in the
number of active photoreceptors''”. Environmental factors, like
exposure to certain chemicals or toxins and workplace hazards,
can also lead to alterations in color vision"'""?. Systemic and
neurocognitive disorders, such as diabetes, Parkinson’s disease,
and ocular diseases like macular degeneration, may also impair

13-1 . . ..
(351" Sometimes, changes in color vision can be

color vision
early indicators of these issues'”. Importantly, in some cases,
color vision changes may serve as an early clinical indicator
of these conditions'"”. Some evidence suggests that prolonged
exposure to digital devices and blue light may lead to color
vision deficiencies"",

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
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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'' >,
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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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.

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"”
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 a/*”) and Iran (Hashemi et
al®), 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””). 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™) and China (Gao"") 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®™). 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'*”; Fattahi et al''”).
Students and professionals in visual-demanding fields such as
dentistry also demonstrated higher rates of CVD (Ngente et al”").
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®). In another study, chronic exposure to welding light
and organic solvents was linked to higher rates of CVD in
industrial workers (Krishnakumar et a/®”). 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''"). 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?">>2%333337-3840.3.63]
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'®. Cataracts cause significant changes in the
protan and tritan color vision vectors but do not significantly
affect the deutan axis'®”. Based on electrophysiological
measurements and psychophysical studies, researchers have
confirmed that color discrimination declines mainly along the

[66

blue-yellow axis with aging'®”. Changes in the lens and the

1397



Review of factors affecting color vision

sauow.oy ploJAys jo

sJ1apJosip ploJAy

(81DIN) 8 4910dsueu 21e|AX0QIEI0UOW DIA UOISIA

uo0133423s 3y ul Aduspyag  yum oym ajdoad ur gAD Jo Sdusjenasd JsySIH  J0j0d pue S[|92 U0 3234e ‘plosAyl Suipnjoul ‘ssuowloy suliopul UN UN UN 202 RUIRIEIY
sjyuaned AdusId1j9p UOISIA 100D munsoleg
aseasip eluauydoziyds eruasydoziyds ul gAD jo dduajesaad 4aysSiH o sadAy snolen pamoys siualjed eluaiydoziyds paulwexa Jo %/ T/ elagiN ‘sodeq AoL 03 8T 9|doad 81T 207 eulpalp adnpoy
510]2B} |PJUBWIUOIIAUS/|BIDBI PUB ‘SUOI}IPUOD JBINJO pue (oyANdyapezieer
93e pjo pue uspuagd ey o|doad Ajisp|e pue ajew ul duajeasud JaydiH |edlpaw 03 anp 8. YlM sasealdul sduajerasd gAD :98e pue Jspuan ueJ| ‘pnoiyeys Ay9 01 0 9|doad T1€9 10T wiyeiq3
Julz pue saulw ul AIAIISUSS 1SBJIU0D PIdNpPaJ pue Aduailysp
pea| 0} ainsodxa dluoJy) jdom oym ajdoad ul gAD Jo oudjenasd JaySIH  UOISIA 400D 3shed Aew Suluiw Ul dulz pue pea| 0} aINSOdxa J1U0JYD) ueJ| A0S anoqy sJaulW 0ET 0202 eplyeNed yaueziey
ssauwdIy3 (14NY) Ayredounau
- - JaAe| 43Iy SAISU |BUIIBS PUB UOISIA JOJOD USBMISQ Yul| Juedliusis oN ueJ| ‘uesyay At 0181 anndo yum og 720t 16c1EPIPA NIV seqay
Juswutedw geP1EM
JuawJledw] UOISIA  UOISIA Sy OYym pue djew ul aduajerad JaysiH AAD 03 payul| Ajjuedijiusis Juswaiedwl UOISIA pue Japuan ejdoiyl3 3samyuoN AgT 018 9|doad 058 8107 wa|e|az nisiuay
J9puasd ajey 3Jew ul aouajenaud JaysiH uaw ul gAD Jo adusjenaud Jaysiy :uspuan |edan Agz 01 /T spadxa 578 8107 L BUr Hewny| euaay
*SUOIINHISUL |[9AS]-MO|
JeaA dlwapede  je palpnis pue uolleINPS JO UOIIRIND HIOYS e JeaA dlWwapede pue uoiINlIisul [euolleINPa
pue uoiIN}iIsul [eUOIBINPI  YHM oym 3jdoad ul gAD JO 2dudjenasd JaySIH U0 paseq UOIINGIIISIP SSAUPUI|Q JO]0D Ul S3DUBI3YIP JuedI4IudIS 2ApINL ‘eledjUY AST anoqy 9|doad 0T/ [4d0r4 og)| 0BV BP3S 3shy
Sple |ensiA Jo ash pue
‘swajqoad aAs Jayio ‘Aiosiy swa|qoud aAs Jayro ‘Aioisiy uolauny Ajlep yum a1ow satapiaiul gAD adAl-uell) spie |ensia iselPUIS|EOIIRYY|
aAD pue Japuad 9| QAD SeY oym pue djew ul aduajesald JaySiH Jo asn pue ‘swajqosd aAs Jaylo ‘Aoisiy gAD Uapuald o1 payull dAD eigeJy Ipnes ‘eddan AL 07,°8T @8V 9|doad 97TT 6T0C Jipebjnpqy ewesQ
wisnw saSellew |eljiwe} 01 anp eidoiyyy 1vgjlNUBWEDP|OM
e 3ulaq pue Japuad s|e|N  SWiI|SNW pue usw ul gAD Jo ddusjerasd JsySiH  swiisniAl pue usw Suowe douajeassd gAD JaySiy :uoidijas pue Jspusn  Yinos ‘uoidal ageso0n AG'ZFS/°1T 98y s|doad pi8 8107 M3paJen meyseo
p|o sieah gy Jano pjo sieah
A9t Jano pue uapuas ajey o|doad pue usaw ul gAD o ddudjesald JaysiH 9 Jano ajdoad pue usw ur gAD Jo dduajeasud Jaysly :uapuss pue a8y uels| ‘peyyse Ao 01 £ 9|doad zeT€E 1102 e/ WAYSEH uessen
Suipjam wnJ1oads 19]|01ARI} N pue awi} aunsodxa uo spuadap aSeweq
0} @J4nsodxa Jluody) s1ap|am ul aduadjenasd JaysiH “Aduaidiap UOISIA J0]0d 3sned ued Jysi| Sulpjam 03 ainsodxa d1uoIyd uel| ‘uepayez A9g'979¢'67 198y sIapam 0§ 1102 (eUeHEPASH BalWEeS
ejdoAjquie sadoAjqwe  punoj sem snwisigeJ)s 0 ‘e1doJ}dWOoSIU. ‘SI0ID DAIIORIIDI YIM dul| OU
pue Allndoe |ensiA Jamo] pue Ajnde |ensiA mo| ul aduajenasd JaySiH ‘eldoAjqwe pue AJnde |BNSIA JOMO| UM paledosse sem gAD YSnoyiy ueJ] ‘uesyal Azt 01/ SUSPNIS 09T T STOT 1 H 48eqqes
ssaupul|q 40|02 uaa.3-paJ [eyua3uo0d edwi
SSaualeme pue uolleonpa |ejualed ‘eidouelainag ueyy yuajenasd elpu|
J9puas ajeN Slew ul ddudjenasd JaysiH  aJow Ajlewoueinag :Adualdlyap UOISIA 0[O JO UOIINGIISIP PUB J9PUSD  JO 3)BIS ISOWUIBYLION AsT 019 a|doad 8z0T STOT (01P234e4 PYON
(ADN) UOISIA 10|02 |ewOU SA (QAD)
10443 9A130RI4AU JO dAL - AduU312143p UOISIA 10|0D YUM UIJIP|IYd 98e-|00YdS Ul SI01ID DAIIDEI4DY ued| ‘peyysein Azt 01 £ SIUBPNIS 00V 102 (6V/S 1UISSSOH
sjooyos a1ignd pue ‘SeaJe [9A3] MO| Ul dAI| pue sjooyds d1jgnd gghuMnweuysLy
A2 93 Jo |9A8| Jamo| 3yl ul Apnis oym ajdoad ul asuajeaasd JaysiH Jooyas 21jgnd pue uoi3eao| SulAr] eIpu| UIaYINOS ArT 019 9|doad z5005¢C 1202 EEINILVIN
S9NSS| Y3[BAY JUSLIND YIIM UOIIR|34I0D OU ‘ADUBID14DP UOISIA
swa|qo.d uolsiA Jo AoisiH 3lew ul ouajenald JaysiH 40|02 03 payull Ajpuediyiudis swajqoad uolsiA Jo A10lsiy pue Japuan elqely Ipnes AT v¥,° T :98e 8Ay 9|doad GTTT 1202 Lzt Hewweys)y
sadosadAy 03 pasedwod Aduadiap UOISIA
eldoAlN  UOISIA J0]0D JO dudjerald Jaysiy aney sadoAly 1003 Jo aduajenssd uaysiy aney sadoAw :siouua dAIDRIJRI pue 98y (uefluez) ues; A9y 01 8T uaw 00927 1202 peyy yswnosen
Jopuasd sjeN 9Jew ul douajenasd JaysiH Japuan elpu| Aog 01 0T 9|doad 1/¢ €202 1508 Hsehies
plosieah Tz 01 /T
ATz 01 £T usamiaq juapnis Apenoinied ‘syuapnys Suowe Aduaidigep UOISIA pjo sieah Tz 01 £T Ajdejnorped ‘syuspnis
9g pue Japuad ajeN J0jod Jaydiy :uollednddo pue Uspuad ‘@8y Suowe Aduaid1jap UOISIA J0j0d Jaysiy :uoniednddo pue “apuad ‘@3y (¥N) panodas joN ATgo1/T S1S1IU3P 86T T20T  (,,PIU3BN eueljuipoz
(%€1°2) 38e4nD “(%00°S) OWO0IO “(%S'L) B39PND
J19puasd ajeN (s21y19) so112uas pue ‘@ded Yspusn eseywy :sdnoud d1uyle Suowe aJus|eARId :SI13BUSS pue ‘9des Uapusn eidoiyi3 Azt 016 9|doad 9y8 202 essepag uadsawa]
ewoone|3 S)}INpE J9P|O PUB UBW Ul  Pa)eId0SSe OS|e aJe ewodne|S pue uolsualtadAH *(+09) siynpe Japjo pue
pue uolsuailiadAH ssaupul|q 0|0 U33J3-paJ JO dJuU3leAR.d JaYSIH USW Ul SSaUpUI|g JO|0d U3343-paJ Jo 3duajerssd JaysiH 1epuad/e8y uey| Ap9 anoqy 9|doad o1€€E €20C (cg!WAYSEH uesse
AdU312143p UOISIA 10]0D JO ddud|erasd AdU312143p UOISIA 10]0D JO ddud|erasd
UOI}EINPA [9A3] MO J3MO| Y}IM POIBIDOSSE UOI}BINPD JAYSIH J9MO| UM Pale|dosse uol3eanpa Jaysiy :|9A3| UOI3edNPa pue Japuan eulyd A8 01 /T a|doad T8¢ €202 19089 @9-8ulf
uaw uy
J2puad sje|  SSaupullq 10|03 uda48-paJ Jo ddusjerald JaySiH usW uJ SSaUpUI|g J0j0d USJS-paJ Jo ddudjenasd JaySiy UspusD  BuUIYD ‘UBMIB] UISYINOS - - €20T (01O BUNyl-IsH
Jopuad sjeN USWOM Ul %T pue usaw ul aduajenad %9°'g USWOM Ul %T pue usaw ul 93uajerald %9°g :19pusn ©240)| Jo 2I|gnday A6y 01 6T 9|doad 9897 6T0C el UlfoAH
1012B) 351y 2oUd|eAald S|qelIBA [B1IUSN|JU| uol1ed07] uonnquasip a8y az1s 9|dwes Jedp aweu Joyiny

SPIMPJIOM Ul SJUBUIWISIBP pue AJU31D1Jap UOISIA 10]0d Sulpaodde SaIpNIs Jo Alewwns T ajqeL

1398



No. 7, Jul. 18, 2026 www.ijo.cn

Vol. 19,
8629-82245172  8629-82210956

Int J Ophthalmol,

Tel

@163.com

: ijopress

il

Ema

s,uosupyjied
aseas|p s,uosupiied Yyim ajdoad ul gAD Jo 2ouajenasd 4aysiH ula|onuAs-eyd|e Jo UOIIB|NWINIJE pUE 3SEASIP S,uosulyied ©3.0)Y Jo dl|qnday Agg 01 v 45 1102 eI %1035-8uoor
siNau
siunauondo  ando yum sidoad ul gaD Jo sdusjeaasd JsysiH siunau o1do ©240)| Jo 2l|gnday Ay9 0107 €€ /10T 2PTH L
Ayredounau onagelq s2139qeIp ul gAD Jo 2dusjeaaud JaySiH Ayredoinau oiagelq elpu| A6'€F56°€9 98y 7 10T unueAusN eApiaug
auinboio|yaAxoipAy auinbouo|yaAxoipAy
wou) A31oixoy jeullay ayey oym ajdoad ul gAD o dduajenaud uaysiH auinbouojyaAxoipAy wouy AJdix0] |eunay uel] ‘uPUWAS Agg 01 9T 65 9102 griepuedsy sipjog
salIsnpul |eajwaydosiad SJUDA|OS dlUEe8I0 0} pasodxa aJow
ul sjuaA|os d1uedi1Q aue oym 3jdoad ur gAD Jo dduajenaud JaysiH SalIsNpul [e21WaY20.413d Ul SIUIA|0S d1uesiQ elpu| A9'/F/°6€ 98y SIDJIOM OE 9107 logt] ABWINBUYSLY|
IS
Ayzedounau anagelq s2139geIp Ul gAD o dduajenaud JaysiH Ayredounau onagelq YN A€9' 1278 v/ 98y 16T /102 -JAzouor euAzieley
sijiydAs 01 anp sijiydAs
|[NJSeA |eullad |ediuad yiim ajdoad ur gAD 4o 2duajesasd uaysiH ydAs 03 anp s111|N2SeA |eul}ad [BIIUSD) UN Aze T 0202 g UBWI S BZELINIA|
Ayredounau Ayredounau o13do o13ewnesy Lglinosysey
211do 213ewneJ] yum ajdoad ul gAD 4o @duajenaud JaysiH Ayredounau 213do d13ewines| ueJ)| Ag anoqy 0zt 8107 luewyeg uasyon
sa1aqelp ¢ adAL S21339EIp Ul AAD J0 ddudenald JaysiH sa1aqelp ¢ adAL elpuj Agg o1 v 856 L10T 195181199 1WXE]
uoiedIPaW |elIB[RW-UY 1s¢/BIBD BZNOS
uoljedIpawW |elejew-uy el oym ajdoad ur gAD Jo ddudjeraud JaysiH uol1edIPaW |BlIe[BW-IUY N N N 6102 op saJene| ejeudy
sajaqelp 510308} 3511 S palauap! Ayyedoural anagelp jo aduasaid ayy pue ‘(YAdg)
40 uoleanp Ja8uo| ‘|an3| $913qeIp JO uollednp J98Uo| ‘|9A3] AlINJE |BNSIA P31D3JI0D-1S3G PaIWI| ‘SSIDCEIP JO UOoljednp J33Uo| ‘||
uoljeonpa Jamo| ‘98e uoledNpa Jamo| ‘98e Jap|o ‘saraqelp ¢ 9dA} uoNEINPS Jamo| ‘@8e Jap|o UM ‘Sa3agelp Z 9dA} yum sjuaied uj paAIasqo
Jap|o ‘saraqelp z adAl yum oym aidoad ur gAD o 2duajenald JaySiH  Sem ‘UOISIA J0j0d Bulpnjoul ‘SuoidUNY [BNSIA Ul Juswledwi [ensiA Juediiusis UN UN 0€0T 20t 1ve/BUD OBqUES
Asoisiy Ajwey Aioasiy Ajjwiey annisod
aAnsod pue Japuas e\ Sey oym pue ajew ul adudjenald JaysiH Ai01s1y Ajiwey annisod pue sspuag sjen 1dA83 AgT anoqy [Y47an 1202 e UBWISO EBJES
uonesauadap Jejnoew Aip NN ‘uteds ‘Ajey
uolnjesauadap Jejndew Aig  yum oym ajdoad ur gaD o aouajensud JaysiH uonesauadap Jendew Ailg  ‘Auewuan ‘@duelq ‘ysn AgT anoqy L€ 1202 suZ3NYIS A 113N
ewoone|3
ewoone|n yum oym ajdoad ul gAD o 2dudenald 1aysiH AdU312149p UOISIA 10|02 pUB BWOJNE|S U93M}S( UOIIE[2410D B S| 949y eulyd ‘reysueys Azt 01 ¥ shajuow snsays /£ 2z0T e 12MBUBIA
(24nssaud aniau
Ayredoinau 9seasip ploJAyl 213do Jo suBis 1541} 9yl 9. UOISIA 00D ul sadueyd) Supjows pue 4spuald [1gUBUOOd
o1ndQ pue aseasip ploJAyl yum oym ajdoad ul gAD Jo 2duajenaud uaysiH ‘e8e se yons si030ey JSi Yum paleldosse si Ayjedoinau a13do prosAy| elpu| A96°9%786°0T 98y 9z 220t weuos JesiN
eidoAw eidoAw Jo aouapioul ay3 pue Aduamiap
eldoAlN yum oym ajdoad ur gAD Jo @2uajensud JaySiH  UOISIA J0j0d JO 9JudjeAald syl usamiaq diysuolle|aJ SIaAUL Ue S a4ay ] eulyd AL 170 198V 6787 radoY4 0gUeD dyelr
sjoeleled
spesele)  yum oym ajdoad ur gaD o aouajenaud taysiH Sui8e 01 anp syoeseie) YN Ay9 0107 YN €202 e ANZ1 eAnsie|
Ayredounau 213do Ayredounau 213do pue A1dix0} joanquieyla
pue A1121x01 [oinqweyld yiim juaned ul gAD Jo duajeaald Jaydiy Ayiedounau a13do pue A1dixoy joInquieyly YN A0g 01 8T 9|doad pg 20T 1en1SBAA BYSDDUY
|elIR)eW 353y} 03 pasodxa aiow UOISIA 109)Je ainsodxa
|elalew sjeaiway)  aJe oym ajdoad ur gAD Jo dduajesald JaySiH (X319) dudjAx pue ‘BuszuagAyla ‘@uan|o} ‘@uazuaq Suipnjaul s|edlWay) UN YN |euonnednaoo woi4 20T 1249BYOS SBUNOA
Aouaiyap sapniiye ysiy 1e pue seale snouleunow 15e43U00 pue aie(8 Suipnjoul
ua3Axo apniilje-y3iH ulanoym sidoad ur gaD Jo 2dusjenaud usydiH  ‘uoisia 19aye Ausuaiul 1ySi| y3iy pue Aduaidyap uadAxo apnije-ysiH YN YN SJaqWI|D Wod4 €20T  yPlopjue A Asniey
9seasip [eyua8uo0d Jags
aseaslp |eyuaduod Jagal yum oym ajdoad ui gAD 4o 2duajenaud JaysiH 9seasIp |e}uaduod Jaga BIUDAO|S A0S 03 8T 9|doad z1 207 _mgm_.EEmv_ wnisny
(OAYD) UOISN|220 UIBA [BUI}DI [EJIUDD
OAYD yum oym ajdoad ur gAD Jo 2ouajensud JaysiH UOISN|220 UIBA |eUIR) |BIIUDD uelJ| ‘uedyal A6FT9 98y 9|doad /¢ 20T yUlWEY Upjoiyeys
THSN |esuaduod uoiiu8o2a. 40j0d Jood pue ‘Ajinoe ATy
THSN [eNuasuo) yum oym ajdoad ul gAD o 2oudjenald JaysiH [ensiA paonpad ‘sso| Sulieay JIWoipuAs-uou |IUIBUOD PIMOYS SISED ||y ueJ| ‘O ‘L€ pase sajeway a|doad ¢ 20T e MNON Bayez
uondaoiad yidap pue
SJUSPIDL J1yjeU} peoY SISALIP Ul GAD JO 2dud|enasd JaysiH 10]02 Sulpnjoul ‘uoilduNy [BNSIA 103))e (YLY) SIUSpPIdJEe dijje.] peoy elgely Ipnes UN SIBALIP YINIY 00E  ¥20T rBlIBYD X usaneN
sJapJosip |eaiSojoinau Adua1d149p UOISIA J0]0d Sulsned ‘(aNVM)
siapJosip |eaiSojodnaN  yum oym ajdoad ul gAD o 2oudljenald JaysiH JapJaosip |ed180joinau paleIdoSse-yYT4|Y Ul SUOIle}Sajluew JejndQ UN N a|doad yz Y207 [, WBYIPPAY H eelly
101084 3{S1Y 20Ud|eAdld d|qelIeA [BljUBN[HU| uoledoT uonnqLsip a8y az1s a|dwes JEEN aweu Joyiny

(panunUO02) SpPIMPIOM Ul SJUBUIWISIBP pue AJUBId13P UOISIA 10]0d Suipi0dde SaIpNIs Jo Alewwns T d|qeL

1399



Review of factors affecting color vision

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®”. Jafarzadehpur
et al™ found that with increasing age, due to changes in
various eye tissues, some individuals may have difficulty
distinguishing colors overall. Hashemi et al””, as well as
Bergholz et al™, 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 CXperience red—green CVD[lé,]9—22,24-25,27,30,33-35,37-38,49,63]. Men
are more affected as color blindness is an X-linked recessive
trait®”. 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'®”. However, other research suggests
that differences in the prevalence of color blindness among races
may be due to racial, genetic, and environmental factors”™*".

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™*”. Certain chemicals
can damage the retina, while others can cause changes in the
lens or optic nerve'®”. 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””. The use of certain chemicals (such
as ethambutol), toxins, and specific drugs can lead to optic

U8 Miners, due to

neuropathy, causing color vision disorders
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

(2

photoreceptors and, ultimately, color vision defects'”. Several

other studies have also established the link between chemical

W87 Some individuals in

exposure and reduced color vision
certain occupations, such as welders, may also develop color
vision deficiencies; chronic exposure to welding light may
cause a blue-yellow CVD!?. Welding produces ultraviolet

(UV), visible, and infrared (IR) radiation at harmful levels.
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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'". Exposure
to pollutants (including CO and CS,), 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””). 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”™*. 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”'”**", 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”****>*", 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". 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
CVDY"** 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”’. Sabbaghi et a/’" 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'”!. Other studies have also reported a link between

7 Mental illnesses may also

CVD and neurological diseases
affect color vision, with 71.7% of examined schizophrenia
patients (a mental disorder) exhibiting various types of

CVD"". 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"”. 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®™°",
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

0-83 . .
B8] Endocrine diseases and hormonal

nerve fiber layers
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 (MCTS8), a
membrane transporter in the pigmented epithelium. It can
influence the gene expression of cone cells, leading to
disruptions in electroretinogram responses'*'’’. Other studies
have also demonstrated the influence of thyroid function

4. . ..
(8% "Changes in color vision are an early

on color vision
sign in diseases where the optic nerve is under pressure,
such as in optic neuropathy related to thyroid disease and
optic neuritis"**. Trauma to the optic nerve can also cause
CVD due to axon damage and possible ischemia®”. Ocular
manifestations in neurological disorders associated with
KIF1A (KAND) can also lead to CVD. Other syndromes
with neurological origins, such as congenital bilateral
nonsyndromic hearing loss (autosomal recessive NSHL),
show reduced visual acuity and poor color discrimination'™”,
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
788 Schultz et

al™ found that retinal diseases, such as macular degeneration,

protein deposits (Lewy bodies) in the brain'

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!™**¥*,
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"?, although another study suggested that
glaucoma is related to blue-yellow CVD"™. Central retinal vein
occlusion or central retinal vasculitis caused by syphilis****
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''¥ 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

tiOl’l[] 4,44,54,56,59,91-93

| Studies have shown that diabetic patients
often face greater difficulty in recognizing shorter wavelength
colors, such as blue and yellow"". 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””, 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"”.

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””. Red-green
color blindness is one of the most common genetic color
vision disorders, caused by mutations in the OPNILW and
OPNIMW genes®™. These genes are responsible for producing
proteins that help cone cells detect red and green colors'”™ ™.
Blue-yellow color blindness, or tritanopia, is a rarer genetic
disorder caused by a defect in the OPNISW gene located on
chromosome 7, and it is usually inherited in an autosomal

P79~ Additionally, research has shown

dominant manner
that in some families, the inheritance pattern of color vision
disorders is such that multiple generations may be affected
%191 This indicates the significant role
of genetic factors in this field. Achromatopsia (ACHM) and

RP are hereditary disorders caused by mutations in the cone

by these conditions'

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""". 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

102

everyday settings"””. 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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