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Summary

Colour vision deficiency is an impairment in discriminating colours. Beyond occupational opportunities, colour
vision-based restrictions may limit driving, which is a daily task for many people. This review aims to compare
existing colour vision requirements for obtaining a driving license in southeast Asian countries to the rest of the
world. Subsequently, to review existing published literature and provide evidence-based recommendations for future
guidelines for colour-deficient drivers. Color vision requirements for obtaining a driving license vary widely amongst
countries. While colour-deficient drivers may face mild challenges in driving, increased awareness and developing
effective compensatory strategies could enable them to drive safely. The current evidence does not support a strict
exclusion of all colour-deficient individuals from driving. Instead, emphasis is needed on screening to increase
awareness and insight into their disability. Future studies should consider compensatory adaptive strategies that are
specific for high-risk situations such as challenging driving conditions.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Colour vision deficiency is a spectrum of conditions
characterised by the impairment in discriminating col-
ours, which can be congenital or acquired. Congenital
forms more commonly affect males compared to fe-
males (about 8% vs. 0.4%)." The acquired causes of eye
diseases range from cataracts, optic nerve and retinal
diseases such as age-related macular degeneration, re-
tinitis pigmentosa, diabetic retinopathy, and glaucoma.
Other rarer causes include neurological insults such as
stroke or space-occupying lesions.?

Colour vision refers to the ability to perceive and
differentiate colours, as a result of the sensory response
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from stimulation of cone photoreceptor pigments in the
retina by different wavelengths of light within the visible
spectrum. There are three classes of these cone photo-
receptor pigments that have peak sensitivity in the short-
wavelength (blue or S-cone), middle-wavelength (green
or M-cone) and long-wavelength (red or L-cone). Colour
vision deficiency is classified based on a spectrum from
normal trichromatism, anomalous trichromatism, and
dichromatism, to monochromatism or achromatopsia.
Normal trichromats have all three classes of functional
cone photopigments. Anomalous trichromats have all
three cone photopigments present, but one cone photo-
pigment has an abnormal absorption spectrum, specif-
ically tritanomaly, deuteranomaly and protanomaly
respectively for blue, green, or red photopigment
abnormality. Individuals with dichromatism have a loss
of one class of cone photopigment, referred to as
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tritanopia, deuteranopia, and protanopia respectively for
the absence of blue, green, or red photopigment. In-
dividuals with monochromatism or achromatopsia have
only functional blue S-cone photopigments (ie. blue cone
monochromatism) or none (ie. rod monochromatism).’

Colour vision tests can be quantitative or qualitative.
Quantitative tests include the Farnsworth-Munsell 100
hue test and the Nagel’s anomaloscope,* which are both
sensitive and specific. Qualitative tests include the
Farnsworth 15 panel and pseudoisochromatic colour
plate tests, such as the Ishihara test,” the Hardy Rand
and Rittler (HRR) and the Mollon Reffin test.®

Easy and safe driving is important for people with
driving as a profession. However, drivers with colour
vision deficiency may have difficulty identifying the col-
ours of traffic signals, vehicle brake lights, and inter-
preting street signs.” With its potential to pose safety
hazards to the community at large, colour-deficient in-
dividuals may face obstacles in obtaining a driver’s li-
cense. In addition, pilots who have to navigate planes and
colour-coded signal controls® are more impacted by
colour vision deficiency. Licensing authorities in these
professions may require testing of colour vision as a pre-
requisite.’

Currently, there is no established universal colour
vision standard for driving across the countries. Al-
though, visual acuity and visual field are the most tested
components to obtain a driver’s license worldwide,”
colour vision requirements for driving show signifi-
cant variation across jurisdictions. Hence, in this study,
we aim to understand the existing colour vision re-
quirements for obtaining a driver’s license. Further-
more, we seek to compare these requirements within
the Association of Southeast Asian Nations (ASEAN)
countries, namely Brunei, Cambodia, Indonesia, Laos,
Malaysia, Myanmar, Philippines, Singapore, Thailand,
and Vietnam, to countries across the world. We will
then review the existing evidence on the impact of
colour vision deficiency on driving, to explore further
recommendations.

Methods

Search strategy and selection criteria

A literature review was performed by searching elec-
tronic databases on PubMed, National University of
Singapore (NUS) database, Google, Google Scholar,
ResearchGate, and information systems journal (Man-
agement Information Systems Quarterly and European
Journal of Information Systems). We included articles
without restrictions on publication year, from year
1966-2021; and limited to articles with full text made
available and published in English. Search terms
included “colour vision”, “colour vision deficiency”,
“colour vision impairment”, “colour blindness”, “dichr-
omacy”, “driving”, “driving license”, “requirements” and
“global”. The Boolean rule was applied in the literature
search. Existing regulations for driving licenses were

obtained from government reports, research reports,
websites, and journal articles. Studies considered for
review had the following characteristics (a) drivers as the
target population, (b) participants with colour vision
deficiency, (c) performance/implications on driving. Ti-
tle and abstracts were screened for potentially relevant
articles, subsequently full texts were studied, and the
nresults were narratively described (Cumberland et al.,
2005). Reliability of the data collected was based on the
inclusion of peer-review standards for research reports
and journal articles, government documents for repu-
table government websites, and for other articles or
websites adequate referencing of published peer-
reviewed literature had to be included in each article to
be considered.

In addition, we found that there was a lack of liter-
ature in this area originating from southeast Asia.
Hence, in August 2018, a special interest group of
ophthalmologists representing the ten member coun-
tries of the Association of Southeast Asian Nations
(ASEAN) documented regulations of colour vision with
regard to driving in their respective countries."” Among
the ten members of ASEAN, Brunei was not repre-
sented during the meeting, however, requirements on
driving specific to Brunei were added retrospectively.
The details of the current regulations in these ASEAN
countries are summarised below and compared with
current global regulations and any recent updates were
included in 2022.

Results

Existing regulations for obtaining a driving license
In most countries, colour vision deficiency does not
preclude an individual from obtaining a driving license
for either private or commercial vehicles (Table 1). In
China, individuals with daltonism are advised not to
drive but no specific colour vision tests are required to
be performed to acquire a driving license. In Taiwan
and for commercial licenses in Canada, there is a basic
requirement to be able to distinguish red, green and
amber lights similar to Singapore. Driving license reg-
ulations in the USA vary in different states, with only 13
out of the 51 states with colour vision requirements
(Table 2). Of the states in the USA that have colour
vision requirements, different assessment tools are used
such as the Stereo Optical Optec 1000 and the Keystone
view colour vision tests. The Keystone view test presents
three balls, each with double digits, and requires the
user to read two balls correctly to pass. The Stereo Op-
tical Optec 1000 requires the user to identify accurately
the direction that the letter ‘E’ is pointing, in five out of
eight blocks. These requirements mainly applied to
commercial drivers only, specifically vehicles intended
to transport passengers or property. Prospective drivers
from countries in South America can qualify for driving
with the International Driving Permit (IDP) obtained
from the American Automobile Association (AAA),*
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Country Colour vision requirements

Further recommendations

Australia™? Not specified

New Zealand™ Not specified

United Kingdom™*

DVLA

South America™ Not specified

South Africa™
Kenya”

Not specified
Not specified

Group 1 (car and motorcycle) and Group 2 (bus and lorry) Ni
drivers with colour vision deficiency need not notify the

European Union' Not specified Nil

Poland"® Commercial drivers only Nil
Able to distinguish red, green and yellow colours

Hong Kong"/ Not specified Nil

People’s republic of China'® Required but not specified Nil

Taiwan™ All drivers Nil
Able to distinguish red, yellow and green

Japan™® Not specified Nil

India”! Commercial drivers only Suggestions for traffic lights to be made colour vision
Exclude severe colour vision deficiency, but test not friendly as per the International Commission on
specified lllumination

Canada™ Not specified The Canada Medical Association (CMA) and Canadian

Ophthalmologists and optometrists should advise drivers
with significant colour vision deficiency about the impact
on reaction to signal lights and necessary adaptations
while driving.

Practitioners should advise drivers on impact of colour
vision on driving.

|

Council of Motor Transport Administrators (CCMTA)
recommend that drivers are made aware of their colour
deficiencies by their doctors.

Drivers with the International Driving Permit (IDP)
obtained from the American Automobile Association
(AAA) allowed to drive

Nil

Nil

Table 1: Global colour vision requirements for obtaining a driving license (except the USA and Southeast Asia).

which requires a valid United States driving license.
Member states of the European Union have their indi-
vidual driving license requirements, but the European
Union regulations can potentially overrule these. Based
on the European Union standards, the European Com-
mission for driving licenses excluded colour vision re-
quirements since its First Council Directive in 1980.* Of
its member states, Poland still has colour vision re-
quirements for commercial drivers, with the requirement
to correctly identify red, green and yellow colours.'® The
United Kingdom Driver and Vehicle Licensing Agency
(DVLA) did not include colour vision requirements as
one of the prerequisites for obtaining a driving license."
There were also no colour vision requirements for dri-
ving license applications in South Africa.**

In general, these colour vision regulations in the
ASEAN countries are stricter, compared to the rest of the
world (Table 1). Among the ten ASEAN countries rep-
resented (as shown in Table 3)", eight of ten countries
deny driving licenses to individuals with any colour
vision impairment. Four of these countries used the
Ishihara test plates for colour vision assessment
(Cambodia, Malaysia, Myanmar, Indonesia), while the
other four countries use three colour discrimination tests
(Singapore, Thailand, Laos, Brunei). On the contrary,
two other countries (Vietham and the Philippines) had
no restrictions on colour vision for driving.

www.thelancet.com Vol 14 July, 2023

Over the years, there has been a notable trend to-
wards relaxing colour vision regulations in driving. The
national standard for colour vision in commercial li-
cense was introduced in Australia in 1994, later amen-
ded to exclude only protans—who have reduced
sensitivity to red light’— and subsequently completely
abandoned in 2003 due to protests.” The European
Commission for driving licenses excluded colour vision
requirements since its First Council Directive in 1980.*
More recently, the Ministry of Road Transport and
Highways in India amended the Central Motor Vehicle
Rules in June 2020, limiting restrictions to only com-
mercial drivers with severe deficiency, based on recom-
mendations by All Institute India of Medical Sciences
(AIIMS), New Delhi.*

Evidence-based literature review on the effect of
colour vision deficiency on driving

International evidence-based guidelines do not call for
tighter regulations.*** A recent review by the Federal
Motor Carrier Safety Administration (FMCSA) rec-
ommended no further stringent requirements beyond
the colour perception of standard colours (red, green,
amber).” The International Council of Ophthalmology
also concluded at the 2006 Congress that colour vision
is not incompatible with safe driving, as the problem
with recognizing traffic lights is overcome by factors
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Country

Colour vision Further
recommendations

requirements

Alabama®®

Arizona”’

Maryland”®

Indiana”®
Montana®®
Nebraska®"
Ohio*

Tennessee™

Texas™

Wisconsin®’

Massachusetts®”

Washington®®

New and commercial Nil
drivers

Using Keystone view

colour vision test to

distinguish red, amber and

green

Commercial drivers only Nil
Using Keystone view

colour vision test

Commercial drivers only Nil
Using Stereo Optical Optec

1000 colour vision test
Commercial drivers only Nil
Test not specified

Commercial drivers only Nil
Using Stereo Optical Optec

1000 colour vision test
Commercial drivers only Nil
Test not specified

Required but not specified  Nil

Commercial drivers only Nil
Using Stereo Optical
colour vision test

New drivers Nil
Test not specified
All drivers Nil

Using Stereo Optical Optec

1000 colour vision test to
distinguish red, amber and

green

New and commercial Nil
drivers

Test not specified

Commercial drivers only Ni
Using Stereo Optical
colour vision test

Table 2: Colour vision requirements for obtaining a driving license in
selected states of the USA.

such as standardized positioning or appropriately
chosen colours of traffic lights.** The European Co-
mmission Eyesight Working Group 2005 report
pushed for the inclusion of driving requirements for
twilight vision (vision in dim light conditions) and
absence of double vision but did not find significant
evidence to justify the inclusion of colour vision
requirements.*

On the other hand, some previous studies have also
shown that colour deficient drivers have self-reported
difficulties on the road such as distinguishing traffic
signals, confusing traffic lights with streetlights, and
detecting brake lights.**” A significant reduction in vi-
sual range for red,” may cause protans to have a reduced
capacity to see red stoplights or rear lights, especially
under conditions such as dim lighting or wearing sun-
glasses. This can be further exacerbated by slippery roads
that require increased stopping distance.* Moreover, as
reaction time is associated with the apparent brightness
of the target, light being perceptually dimmer to protans
may translate to longer reaction times.”

However, these reported driving deficits in colour
deficient drivers do not translate into higher risks for
crashing compared to drivers with normal colour
vision.””*"*> This may be attributed to adaptive compen-
satory mechanisms. For example, standardised posi-
tioning of the traffic lights with more appropriately
chosen colours® (e.g. more bluish ‘green’ traffic lights,
higher intensity red lights), may help colour deficient
individuals overcome difficulties in distinguishing spe-
cific colours.”* Some research shows that people with
colour vision disorders may self-regulate, with a prefer-
ence for daytime driving and driving less regularly.”
Particularly in protans, a reduced capacity to detect a
red target may result in a lower expectation of danger
and less ability to compensate.”* Hence, improving

Country

Colour vision test

Authorized persons licensed to
conduct testing

Exclusion criteria for driving

Brunei
Cambodia

Indonesia
Malaysia

Myanmar
Laos
Philippines
Singapore

Thailand

Vietnam

Three colours discrimination test
Ishihara

Ishihara
Ishihara

Ishihara

Three colours discrimination test
None specified
Three colours discrimination test

Three colours discrimination test

None specified

*No specification of minimum scores on colour vision tests.

Ophthalmologist

Ophthalmologist and ophthalmic
health personnel

General practitioners

Land Transportation Authority and
Ophthalmologist

Land Transportation Authority

Land Transportation Authority
N/A

Land Transportation Authority and
Ophthalmologists

Land Transportation Authority

N/A

Unable to discriminate red, green and amber
from 23 m

Any colour vision impairment®

Any colour vision impairment®

Any colour vision impairment® for commercial
drivers

Any colour vision impairement” for commercial
drivers

Any colour vision impairment®
None specified

Unable to discriminate red, green and amber
colours when examined by an Ophthalmologist

Any colour vision impairment® detected by
Ophthalmologist

None specified

Table 3: Colour vision requirements for obtaining a driving license in ASEAN countries."*
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awareness of their condition and the associated limita-
tions will reduce the potential risks by encouraging the
adoption of safer strategies during driving.”

Discussion

Need for more awareness and advice

Colour vision deficiency encompasses a spectrum of
deficits that can have a variable impact on function.” In
general, most colour-deficient individuals can adapt and
drive safely if they have normal visual acuity and visual
fields.”” Hence, there has been an increasing trend
globally about not excluding colour-deficient individuals
from obtaining their driving license. The focus should
be on improving awareness and insight into their con-
dition and associated limitations.”* Colour-deficient
drivers can then cultivate self-regulation, adaptive stra-
tegies and adopt safer driving practices (e.g. maintain-
ing longer following distances, slowing down at
intersections).”***** In specific cases, such as individuals
with protanopia with reduced sensitivity to the colour
red and its associated reduced reaction times to brake
lights,” more stringent restrictions may be considered
on a case-by-case basis to exclude protans from obtain-
ing commercial driving licenses. Overall, there is
limited published evidence on specific advice for colour-
deficient individuals to adopt in the field of driving.

Need for standardization of colour vision tests
Furthermore, there is no clear evidence to suggest
which standardized colour vision test should be used.
The anomaloscope discriminates the type and severity of
colour vision deficiency, based on the patient’s ability to
match colours using a mixture of red and green lights
based on the Rayleigh equation.” It has been regarded as
the gold standard, and widely used as the standard of
comparison to other colour vision tests.”** One study,
which used the Nagel anomaloscope, demonstrated
100% sensitivity and specificity.®* However, the device is
not readily available in all ASEAN countries," and is
expensive and technically difficult to operate.

Ishihara test is the most used screening tool for
colour vision assessment in ASEAN countries, which is
widely available and inexpensive with a positive predic-
tive value of 83%.° However, it has a poor correlation
between the number of ‘failed’ test plates and the
severity of red-green colour vision deficiency, as not all
test plates have equal difficulty.>** Furthermore, Barbur
et al. compared the different editions within the Ishi-
hara test plates (ie. 38, 24, 14-plates edition), where
using two or less errors to pass as per industrial routine
protocols, majority of all normal trichromats passed, but
6.7% deutans and 1.6% protans that have severe colour
vision deficiency can also pass for the 14 and 24-plates
edition.’ Other common screening tests for colour
vision include the Hardy Rand and Rittler 4th edition
(HRR; Richmond Optical, CA), the City University test

www.thelancet.com Vol 14 July, 2023

(Keeler USA, Malvern, PA) and the Mollon Reffin test
(PA Vision, Margate, Kent, UK). A study by Davison and
colleagues compared these tests to the anomaloscope
and found that the Ishihara test performed the poorest
in differentiating protanopes and deuteranopes, while
the HRR and Mollon Reffin test were the most effective
in identifying protanopia accurately.®

Other newer methods of testing have also been
explored, such as a web-based test in German language
using pseudoisochromatic colour plates.”® However, its
accuracy was limited by difficulty with visual calibration
to ensure exact colour reproduction. Smartphone-based
applications like Eye2Phone and colour vision test ap-
plications seek to improve convenience, but once again
reduced sensitivity limits its usefulness in clinical prac-
tice.” These digital tests still require further validation
and are not ready to replace conventional colour vision
tests; however, their increased accessibility may prompt
affected individuals to seek formal vision testing.

There have been existing efforts in an attempt to
minimize unfair discrimination against those with defi-
cient colour vision that can achieve levels of performance
comparable to normal counterparts. The United
Kingdom Civil Aviation Authority employed the Colour
Assessment and Diagnosis (CAD) test to establish new
minimum colour vision requirements for professional
aviation pilots.”” The CAD test uses moving colour sig-
nals to accurately measure red-green and yellow-blue
threshold sensitivities, assess the class with high speci-
ficity and estimate the severity of colour vision defi-
ciency. Also, CAD test also checks whether the colour
deficiency qualifies the minimum requirements to
perform the most safety-critical task. Threshold sensi-
tivities are measured as the number of standard normal
CAD units from trichromatic normal counterparts. Use
of the CAD test demonstrated that 36% deutans and 30%
protans would then be included as safe to fly,* who
would have otherwise been excluded as per conventional
colour vision tests. Similarly, the CAD test was imple-
mented by the Transport for London since 2011 to assess
underground train captains, which allowed a third of
applicants who were previously rejected for failing this
Ishihara test, to now be deemed safe.”

Barbur and colleagues also proposed a new system of
colour vision categories,’ to quantify the severity and to
identify what can be considered safe or functional based
on the requirements of specific colour vision tasks in
visually demanding occupations. Categories were di-
vided based on accurate measurement of red-green and
yellow-blue colour thresholds, into ‘Supernormal’ tri-
chromatic colour vision (CVO0), ‘Normal’ trichromatic
colour vision (CV1), ‘Functionally normal’ trichromatic
colour vision (CV2), ‘Safe’ trichromatic colour vision
(CV3), ‘Poor’ red-green colour vision (CV4) and ‘Severe
red-green colour deficiency (CV5); as well as for yellow-
blue colour vision into ‘Supernormal’, ‘Normal’ and
‘Acquired colour deficiency’. With this system, about
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22% of deutans and 1% of protans are classified as ‘Safe’
or ‘Functionally normal’. These efforts demonstrate the
importance to relook at existing requirements and fi-
netune requirements specific to different severities of
colour vision deficiency. Furthermore, this prompts
future studies to investigate the validity and feasibility to
potentially implement these grading systems in the field
of driving.

Newer innovations to potentially narrow the gap
Moving forward, newer innovations with the advance-
ment in technology give hope to potentially minimise
the difficulties associated with abnormal colour vision.
In a study in Japan, brighter blue LED lights were
incorporated in an ‘X’ through red traffic lights,” to
which red-green colour deficient drivers can better
distinguish against the contrasting ‘red’ background
that they perceive as yellow, and the mark is clear even
from a distance. Interestingly this blue ‘X’ cannot be
seen by counterparts with normal colour vision, because
colour deficient individuals have relatively higher lu-
minous efficiency in the shorter range (ie. blue) than in
the longer range (ie. red) of wavelengths.” Furthermore,
as deficiencies in colour vision are attributed to gene
mutations coding for different components of retinal
cones, there is the possibility of gene therapy as a
treatment modality in the future.”! Existing experi-
mental trials have demonstrated improvement in
electroretinogram-investigated cone cell functionality
and visually elicited behaviour.”

Overall, the current evidence does not support
excluding colour-deficient individuals from obtaining a
driving license. However, while many studies have
emphasised the need for screening to increase aware-
ness, there currently lacks evidence-based, deficiency-
specific advice for colour-deficient individuals who may
potentially experience difficulties. Moreover, it may be
of value to further study the different demands of colour
vision in specific scenarios such as commercial driving,
unique driving conditions like slippery roads while
raining or dim lighting at night. This can potentially
guide fine-tuning of requirements and formulate spe-
cific advice to affected individuals. Hence, this suggests,
that more research is required in these areas to derive
updated standardised guidelines and tangible evidence-
based advice for driving licensing authorities.

Contributors

ACST formulated and led the direction of the article. WW, HH, MJL,
WWL, NAMR, MS, PR, ACST contributed to the data collection and
manuscript. TFT conducted the literature search and data extraction.
The manuscript was revised and finalised by TFT, AG, PR, RR and
ACST.

Declaration of interests

M]JL is a speaker at the Allergan, Bausch and Lomb, Bayer, Novartis,
Santen; and investigator at Allergan, Novartis, Chengdu Kanghong.
ACST is a consultant and speaker for Bayer, Novartis Allergan, Nidek
and Zeiss. She receives grant funding from Zeiss, Novartis and Nidek.

All other authors declare no other conflict of interests. The authors
received no funding for this article.

Acknowledgments

We would like to acknowledge the contribution of the Statement from
the 2018 Colour Vision Symposium made on colour vision deficiency
and driving by the panel of colour vision specialists from ten ASEAN
countries by its representatives (authors of this manuscript).

References

1  Montgomery G. Colour Blindness: More Prevalent Among Males.
Howard Hughes Medical Institute; 2003. Available at: http://www.
hhmi.org/senses/b130.html. Accessed August 1, 2022.

2 Hasrod N, Rubin A. Defects of colour vision: a review of congenital
and acquired colour vision deficiencies. African Vision and Eye
Health. 2016;75(1):1-6. https://doi.org/10.4102/aveh.v75i1.365.

3 Barbur JL, Rodriguez-Carmona M. Colour vision requirements in
visually demanding occupations. Br Med Bull. 2017;122(1):51-77.
https://doi.org/10.1093/bmb/1dx007.

4 Birch J, Verriest G. Diagnosis of defective colour vision using the
nagel anomaloscope. In: Colour vision deficiencies VI. The Hague,
Boston: Dr W Junk Publishers; 1982;33:231-235.

5 New Zealand Health Technology Assessment. Colour vision
screening: a critical appraisal of the literature. In: Database of Ab-
stracts of Reviews of Effects (DARE): quality-assessed reviews [Internet].
1998.

6  Davison PA, Scanlon G. Can protanopia Be correctly diagnosed in
clinical practice? An evaluation of diagnosis by four screening tests.
Optom Vis Sci. 2020;97(10):852-856. https://doi.org/10.1097/OPX.
0000000000001582.

7 Cole BL. Colour blindness and driving. Clin Exp Optom.
2016;99(5):484—487. https://doi.org/10.1111/cx0.12396. Epub 2016
Jul 28.

8 Watson DB. Lack of international uniformity in assessing color
vision deficiency in professional pilots. Aviat Space Environ Med.
2014;85(2):148-159. https://doi.org/10.3357 /asem.2664.2014.

9  Cumberland P, Rahi JS, Peckham CS. Impact of congenital colour
vision defects on occupation. Arch Dis Child. 2005;90(9):906-908.
https://doi.org/10.1136/adc.2004.062067.

10 Bron AM, Viswanathan AC, Thelen U, et al. International vision
requirements for driver licensing and disability pensions: using a
milestone approach in characterization of progressive eye disease.
Clin Ophthalmol. 2010;4:1361-1369. https://doi.org/10.2147/OPTH.
$15359.

11  Statement for Colour Vision Deficiency and Driving and Medical School
Admission in ASEAN countries. 2018.

12 National Transport Commission, Australia and Austroads. Assessing
Fitness To Drive For Commercial and Private Vehicle Drivers — Medical
Standards for Licensing and Clinical Management Guidelines; 2017.
Available at: https://austroads.com.au/__data/assets/pdf_file/0022/
104197 /AP-G56-17_Assessing_fitness_to_drive_2016_amended_Aug
2017.pdf. Accessed September 20, 2021.

13 New Zealand Transport Agency. Medical Aspects of Fitness to Drive;
2014. Available at: https://nzta.govt.nz/resources /medical-aspects/
6.html#62. Accessed August 1, 2021.

14 Driver and License Vehicle Agency (DVLA). Visual Disorders:
Assessing Fitness to Drive; 2018. Available at: https://www.gov.uk/
guidance /visual-disorders-assessing-fitness-to-drive#minimum-
eyesight- standards—all-drivers. Accessed August 1, 2020.

15 European Union. Commission Directive 2009/113/EC Amending
Directive 2006/126/EC of the European Parliament and of the Council
of Driving Licences. Official Journal of the European Union; 2009.

16 Republic of Poland. Journal of Laws. Regulation of the Minister of
Health of August 29, 2019 on Medical Examinations of Applicants for
the Authorization to Drive Vehicles and Drivers; 2019. Available at:
https:/ /isap-sejm-gov-pl.translate.goog/isap.nsf/DocDetails.xsp?id=WD
U20190001659&_x_tr_sch=http&_x_tr_sl=pl&_x_tr_tl=en&_x_tr_hl=en
& x_tr_pto=sc. Accessed January 14, 2022.

17 Transport Department of the Government of Hong Kong. Guide to
Private/Public Light Bus And Private/Public Bus Driving Test; 2017.
Available at: https://www.td.gov.hk/filemanager/en/publication/
guide%20t0%20driving%20test%20plb%20&%20bus%20(english%
20version)_dec%202017.pdf. Accessed August 1, 2021.

18 Republic of China Order of the Ministry of Public Security. Pro-
visions on the Application For And Use Of Motor Vehicle Driving

www.thelancet.com Vol 14 July, 2023


http://www.hhmi.org/senses/b130.html
http://www.hhmi.org/senses/b130.html
https://doi.org/10.4102/aveh.v75i1.365
https://doi.org/10.1093/bmb/ldx007
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref4
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref4
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref4
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref5
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref5
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref5
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref5
https://doi.org/10.1097/OPX.0000000000001582
https://doi.org/10.1097/OPX.0000000000001582
https://doi.org/10.1111/cxo.12396
https://doi.org/10.3357/asem.2664.2014
https://doi.org/10.1136/adc.2004.062067
https://doi.org/10.2147/OPTH.S15359
https://doi.org/10.2147/OPTH.S15359
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref11
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref11
https://austroads.com.au/__data/assets/pdf_file/0022/104197/AP-G56-17_Assessing_fitness_to_drive_2016_amended_Aug2017.pdf
https://austroads.com.au/__data/assets/pdf_file/0022/104197/AP-G56-17_Assessing_fitness_to_drive_2016_amended_Aug2017.pdf
https://austroads.com.au/__data/assets/pdf_file/0022/104197/AP-G56-17_Assessing_fitness_to_drive_2016_amended_Aug2017.pdf
https://nzta.govt.nz/resources/medical-aspects/6.html#62
https://nzta.govt.nz/resources/medical-aspects/6.html#62
https://www.gov.uk/guidance/visual-disorders-assessing-fitness-to-drive#minimum-eyesight-%20standards--all-drivers
https://www.gov.uk/guidance/visual-disorders-assessing-fitness-to-drive#minimum-eyesight-%20standards--all-drivers
https://www.gov.uk/guidance/visual-disorders-assessing-fitness-to-drive#minimum-eyesight-%20standards--all-drivers
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref15
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref15
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref15
https://isap-sejm-gov-pl.translate.goog/isap.nsf/DocDetails.xsp?id=WDU20190001659&amp;_x_tr_sch=http&amp;_x_tr_sl=pl&amp;_x_tr_tl=en&amp;_x_tr_hl=en&amp;_x_tr_pto=sc
https://isap-sejm-gov-pl.translate.goog/isap.nsf/DocDetails.xsp?id=WDU20190001659&amp;_x_tr_sch=http&amp;_x_tr_sl=pl&amp;_x_tr_tl=en&amp;_x_tr_hl=en&amp;_x_tr_pto=sc
https://isap-sejm-gov-pl.translate.goog/isap.nsf/DocDetails.xsp?id=WDU20190001659&amp;_x_tr_sch=http&amp;_x_tr_sl=pl&amp;_x_tr_tl=en&amp;_x_tr_hl=en&amp;_x_tr_pto=sc
https://www.td.gov.hk/filemanager/en/publication/guide%20to%20driving%20test%20plb%20%26%20bus%20(english%20version)_dec%202017.pdf
https://www.td.gov.hk/filemanager/en/publication/guide%20to%20driving%20test%20plb%20%26%20bus%20(english%20version)_dec%202017.pdf
https://www.td.gov.hk/filemanager/en/publication/guide%20to%20driving%20test%20plb%20%26%20bus%20(english%20version)_dec%202017.pdf
www.thelancet.com/digital-health

Review

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Licenses, 139(12); 2016. Available at: https://www.newindianexpress.
com/nation/2020/mar/23 /colour-blindness-not-impediment-for-driving-
license-transport-ministry-drafts-notification-2120582.html. Accessed
August 1, 2021.

Kaohsiung City Motor Vehicles Office. Driving license test; 2012.
Available at: https://khcmv.thb.gov.tw/en/page?node=ccabacd8-
987a-439b-916a-7de2c37c¢6f09. Accessed August 1, 2021.
Kunimatsu-Sanuki S, Iwase A, Araie M, et al. An assessment of
driving fitness in patients with visual impairment to understand the
elevated risk of motor vehicle accidents. BMJ Open. 2015;5(2):
€006379. https://doi.org/10.1136/bmjopen-2014-006379.

Times of India. Mild to Medium Colour Blind People can Now Obtain
Driving Licence. Times of India; 2020. Available at: http://time
sofindia.indiatimes.com/articleshow/76645290.cms?utm_source=
contentofinterest&utm_medium=text&utm_campaign=cppst. Accessed
August 1, 2021.

Yazdan-Ashoori P, Ten Hove M. Vision and driving: Canada.
J Neuroophthalmol. 2010;30(2):177-185. https://doi.org/10.1097/
WNO.0b013e3181dfa982.

American Automobile Association. International Driving Permit;
2019. Available at: https://www.aaa.com/vacation/idpapplc.html.
Accessed January 14, 2022.

Department of Transport South Africa. Amendment of the National
Road Traffic Regulations, National Road Traffic Act; 2012. Available
at: https://www.gov.za/sites/default/files/gcis_document/201409/
35413gen458.pdf. Accessed January 14, 2022.

Gichangi MM, Gathecha GK, Kibogong D. Vision testing to prevent
road traffic accidents in Kenya. Community Eye Health.
2015;28(91):504-S06. PMID: 26989328; PMCID: PMC4790179.
Alabama Department of Public Safety. NHTSA Physician’s Guide to
Assessing And Counselling Older Drivers; 2003. Available at: https://
one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Ala
bama.html. Accessed August 1, 2021.

Arizona Department of Transportation. NHTSA Physician’s Guide
to Assessing And Counselling Older Drivers; 2003. Available at: https://
one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/
Arizona.html. Accessed August 1, 2020.

Maryland Department of Transportation. Motor Vehicle Adminis-
tration - Vision Requirements. Assessed on 1 August 2021. Avail-
able at: http://www.mva.maryland.gov/drivers /vision-requirements/.
Indiana Bureau of Motor Vehicles Medical Section. NHTSA Phy-
sician’s Guide to Assessing and Counselling Older Drivers; 2003.
Available at: https://one.nhtsa.gov/people/injury/olddrive/Older
driversbook/pages/Indiana.html. Accessed August 1, 2021.
Montana Motor Vehicles Division Medical Unit. NHTSA Physi-
cian’s Guide to Assessing and Counselling Older Drivers; 2003. Avail-
able at: https://one.nhtsa.gov/people/injury/olddrive/Olderdrivers
book/pages/Montana.html. Accessed August 1, 2021.

Nebraska Department of Motor Vehicles Driver License Examining
Division. NHTSA physician’s guide to assessing and counselling older
drivers; 2003. Available at: https://one.nhtsa.gov/people/injury/old
drive/Olderdriversbook/pages/Nebraska.html. Accessed August 1,
2021.

Ohio Department of Public Safety. NHTSA Physician’s Guide to
Assessing And Counselling Older Drivers; 2003. Available at: https://
one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Ohio.
html. Accessed August 1, 2021.

Tennessee Department of Safety Motor Vehicle Services. NHTSA
Physician’s Guide To Assessing and Counselling Older Drivers; 2003.
Available at: https://one.nhtsa.gov/people/injury/olddrive/Olderdri
versbook/pages/Tennessee.html. Accessed August 1, 2021.

Texas Department of Public Safety. NHTSA Physician’s Guide to
Assessing and Counselling Older Drivers; 2003. Available at: https://
one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Texas.
html. Accessed August 1, 2021.

Massachusetts Registry of Motor Vehicles. NHTSA Physician’s
Guide to Assessing and Counselling Older Drivers; 2003. Available at:
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/
Massachusetts.html. Accessed August 1, 2021.

Washington Department of Licensing Driver Services. NHTSA
Physician’s Guide to Assessing and Counselling Older Drivers; 2003.
Available at: https://one.nhtsa.gov/people/injury/olddrive/Olderdri
versbook/pages/Washington.html. Accessed August 1, 2021.
Wisconsin Department of Transportation. NHTSA Physician’s
Guide to Assessing and Counselling Older Drivers; 2003. Available at:
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/
Wisconsin.html. Accessed August 1, 2020.

www.thelancet.com Vol 14 July, 2023

38

39

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

European Union. First Council directive 80/1263/EEC. Introduction
of a community driving licence; 1980. Available at: https://www.
legislation.gov.uk/eudr/1980/1263 /contents/adopted#. Accessed
September 20, 2020.

Cole BL. Protan colour vision deficiency and road accidents. Clin
Exp Optom. 2002;85(4):246-253. https://doi.org/10.1111/j.1444-
0938.2002.tb03045 x.

Ani. Colour Blindness Not Impediment for Driving License, Transport
Ministry Drafts Notification. The New Indian Express; 2020. Avail-
able at: https://www.newindianexpress.com/nation/2020/mar/23/
colour-blindness-not-impediment-for-driving-license-transport-min
istry-drafts-notification-2120582.html. Accessed January 14, 2022.
Pomidor A. Clinician’s guide to assessing and counselling older drivers
4™ edition. vol. 120. 2019. New York: American Geriatric Society;
2019.

National Highway Traffic Administration (NHTSA), American
Association of Motor Vehicle Administrators (AAMVA) Driver
Fitness Working Group (DFWG). Driver Fitness Medical Guidelines.
2019.

Ball K, Heaton K, McGwin G, Owsley C, Stavrinos D. Examining the
FMCSA Vision Standard for Commercial Motor Vehicle (CMV)
Drivers. Federal Motor Carriers Safety Administration (FMCSA);
2019:5-6. https://doi.org/10.21949/1503465.

Honavar SG. Driving blind-should tests of visual function be
mandatory for driving license?® Indian ] Ophthalmol. 2019;67(2):
193-194. https://doi.org/10.4103/ijo.1JO_150_19.

Eyesight Working Group. New Standards for the Visual Functions of
Drivers; 2005. Available at: https://ec.europa.eu/transport/road_
safety/sites/roadsafety/files/pdf/behavior /new_standards_final_version_
en.pdf. Accessed August 1, 2021.

Cole BL, Steward JM. Some (But Only a Few) Colour Vision De-
fectives Have No Difficulty With Colour. John Dalton’s Colour Vision
Legacy. London: Taylor & Francis; 1997:235-239.

Verriest G, Neubauer O, Marre M, Uvijls A. New investigations
concerning the relationships between congenital colour vision de-
fects and road traffic security. Int Ophthalmol. 1980;2(2):87-99.
https://doi.org/10.1007/bf00137452.

Dain SJ, Wood JM, Atchison DA. Sunglasses, traffic signals, and
color vision deficiencies. Optom Vis Sci. 2009;86(4):e296—e305.
hitps://doi.org/10.1097/0PX.0b013¢318199d1da.

Vingrys AJ. The case against protan drivers holding professional
driving licenses. Clin Exp Optom. 2002;85(1):46—48. https://doi.org/
10.1111/j.1444-0938.2002.tb03072.x.

Atchison DA, Pedersen CA, Dain SJ, Wood JM. Traffic signal color
recognition is a problem for both protan and deutan color-vision
deficients. Hum Factors. 2003;45(3):495-503. https://doi.org/10.
1518/hfes.45.3.495.27247.

Tagarelli A, Piro A, Tagarelli G, Lantieri PB, Risso D, Olivieri RL.
Colour blindness in everyday life and car driving. Acta Ophthalmol
Scand. 2004;82(4):436-442. hitps://doi.org/10.1111/j.1395-3907.
2004.00283 x.

Owsley C, McGwin G Jr. Vision and driving. Vision Res. 2010;
50(23):2348-2361. htips://doi.org/10.1016/].visres.2010.05.021.
Monash University Accident Research Centre. Influence of Chronic
Illness on Crash Involvement of Motor Vehicle Drivers. 2nd ed; 2010.
Available at: http://monashuniversity.mobi/muarc/reports/muarc
300.html. Accessed August 1, 2021.

O’Brien KA, Cole BL, Maddocks JD, Forbes AB. Color and defective
color vision as factors in the conspicuity of signs and signals. Hum
Factors. 2002;44(4):665-675. https://doi.org/10.1518/0018720024
496953.

Owsley C, McGwin G Jr. Vision impairment and driving. Surv
Ophthalmol.  1999;43(6):535-550. https://doi.org/10.1016/s0039-
6257(99)00035-1.

Spalding JA. Confessions of a colour blind physician. Clin Exp
Optom. 2004;87(4-5):344-349. https://doi.org/10.1111/j.1444-0938.
2004.tb05065.x.

Stoianov M, de Oliveira MS, Dos Santos Ribeiro Silva MCL,
Ferreira MH, de Oliveira Marques I, Gualtieri M. The impacts of
abnormal color vision on people’s life: an integrative review. Qual
Life Res. 2019;28(4):855-862. https://doi.org/10.1007/s11136-018-
2030-1.

Charman WN. Vision and driving-a literature review and com-
mentary. Ophthalmic Physiol Opt. 1997;17(5):371-391. https://doi.
0rg/10.1016/50275-5408(97)00014-8.

Casson EJ, Racette L. Vision standards for driving in Canada and
the United States. A review for the Canadian Ophthalmological


https://www.newindianexpress.com/nation/2020/mar/23/colour-blindness-not-impediment-for-driving-license-transport-ministry-drafts-notification-2120582.html
https://www.newindianexpress.com/nation/2020/mar/23/colour-blindness-not-impediment-for-driving-license-transport-ministry-drafts-notification-2120582.html
https://www.newindianexpress.com/nation/2020/mar/23/colour-blindness-not-impediment-for-driving-license-transport-ministry-drafts-notification-2120582.html
https://khcmv.thb.gov.tw/en/page?node=ccabacd8-987a-439b-916a-7de2c37c6f09
https://khcmv.thb.gov.tw/en/page?node=ccabacd8-987a-439b-916a-7de2c37c6f09
https://doi.org/10.1136/bmjopen-2014-006379
http://timesofindia.indiatimes.com/articleshow/76645290.cms?utm_source=contentofinterest&amp;utm_medium=text&amp;utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/76645290.cms?utm_source=contentofinterest&amp;utm_medium=text&amp;utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/76645290.cms?utm_source=contentofinterest&amp;utm_medium=text&amp;utm_campaign=cppst
https://doi.org/10.1097/WNO.0b013e3181dfa982
https://doi.org/10.1097/WNO.0b013e3181dfa982
https://www.aaa.com/vacation/idpapplc.html
https://www.gov.za/sites/default/files/gcis_document/201409/35413gen458.pdf
https://www.gov.za/sites/default/files/gcis_document/201409/35413gen458.pdf
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref25
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref25
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref25
https://one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Alabama.html
https://one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Alabama.html
https://one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Alabama.html
https://one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Arizona.html
https://one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Arizona.html
https://one.nhtsa.gov/people/injury/olddrive/OlderDriversBook/pages/Arizona.html
http://www.mva.maryland.gov/drivers/vision-requirements/
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Indiana.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Indiana.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Montana.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Montana.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Nebraska.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Nebraska.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Ohio.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Ohio.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Ohio.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Tennessee.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Tennessee.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Texas.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Texas.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Texas.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Massachusetts.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Massachusetts.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Washington.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Washington.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Wisconsin.html
https://one.nhtsa.gov/people/injury/olddrive/Olderdriversbook/pages/Wisconsin.html
https://www.legislation.gov.uk/eudr/1980/1263/contents/adopted#
https://www.legislation.gov.uk/eudr/1980/1263/contents/adopted#
https://doi.org/10.1111/j.1444-0938.2002.tb03045.x
https://doi.org/10.1111/j.1444-0938.2002.tb03045.x
https://www.newindianexpress.com/nation/2020/mar/23/colour-blindness-not-impediment-for-driving-license-transport-ministry-drafts-notification-2120582.html
https://www.newindianexpress.com/nation/2020/mar/23/colour-blindness-not-impediment-for-driving-license-transport-ministry-drafts-notification-2120582.html
https://www.newindianexpress.com/nation/2020/mar/23/colour-blindness-not-impediment-for-driving-license-transport-ministry-drafts-notification-2120582.html
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref41
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref41
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref41
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref41
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref41
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref42
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref42
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref42
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref42
https://doi.org/10.21949/1503465
https://doi.org/10.4103/ijo.IJO_150_19
https://ec.europa.eu/transport/road_safety/sites/roadsafety/files/pdf/behavior/new_standards_final_version_en.pdf
https://ec.europa.eu/transport/road_safety/sites/roadsafety/files/pdf/behavior/new_standards_final_version_en.pdf
https://ec.europa.eu/transport/road_safety/sites/roadsafety/files/pdf/behavior/new_standards_final_version_en.pdf
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref46
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref46
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref46
https://doi.org/10.1007/bf00137452
https://doi.org/10.1097/OPX.0b013e318199d1da
https://doi.org/10.1111/j.1444-0938.2002.tb03072.x
https://doi.org/10.1111/j.1444-0938.2002.tb03072.x
https://doi.org/10.1518/hfes.45.3.495.27247
https://doi.org/10.1518/hfes.45.3.495.27247
https://doi.org/10.1111/j.1395-3907.2004.00283.x
https://doi.org/10.1111/j.1395-3907.2004.00283.x
https://doi.org/10.1016/j.visres.2010.05.021
http://monashuniversity.mobi/muarc/reports/muarc300.html
http://monashuniversity.mobi/muarc/reports/muarc300.html
https://doi.org/10.1518/0018720024496953
https://doi.org/10.1518/0018720024496953
https://doi.org/10.1016/s0039-6257(99)00035-1
https://doi.org/10.1016/s0039-6257(99)00035-1
https://doi.org/10.1111/j.1444-0938.2004.tb05065.x
https://doi.org/10.1111/j.1444-0938.2004.tb05065.x
https://doi.org/10.1007/s11136-018-2030-1
https://doi.org/10.1007/s11136-018-2030-1
https://doi.org/10.1016/s0275-5408(97)00014-8
https://doi.org/10.1016/s0275-5408(97)00014-8
www.thelancet.com/digital-health

Review

60

61

62

63

64

65

Society. Can J Ophthalmol. 2000;35(4):192-203. https://doi.org/10.
1016/s0008-4182(00)80030-7.

National Research Council (United States). Committee on Vision.
Procedures for Testing Colour Vision: Report of Working Group 41.
Washington (DC): National Academies Press (US); 1981 [Chapter
3], Colour vision tests.

Squire TJ, Rodriguez-Carmona M, Evans AD, Barbur JL. Color
vision tests for aviation: comparison of the anomaloscope and three
lantern types. Aviat Space Environ Med. 2005;76(5):421-429. PMID:
15892538.

Jagle H, Pirzer M, Sharpe LT. The Nagel anomaloscope: its cali-
bration and recommendations for diagnosis and research. Graefes
Arch Clin Exp Ophthalmol. 2005;243(1):26-32. https://doi.org/10.
1007/s00417-004-0893-z.

Marechal M, Delbarre M, Tesson ], Lacambre C, Lefebvre H,
Froussart-Maille F. Color vision tests in pilots’ medical assess-
ments. Aerosp Med Hum Perform. 2018;89(8):737-743. https://doi.
org/10.3357/AMHP.5009.2018.

Rodriguez-Carmona M, O’Neill-Biba M, Barbur JL. Assessing the
severity of color vision loss with implications for aviation and other
occupational environments. Aviat Space Environ Med. 2012;
83(1):19-29. https://doi.org/10.3357 /asem.3111.2012.
Kuchenbecker J, Rohl FW, Wesselburg A, Bernarding ], Behrens-
Baumann W. Validity of a web-based color vision test for screening

66

67

68

69

70

71

examinations of color vision. Ophthalmology. 2007;104(1):47-53.
https://doi.org/10.1007/s00347-006-1443-3.

Sorkin N, Rosenblatt A, Cohen E, Ohana O, Stolovitch C, Dotan G.
Comparison of Ishihara booklet with color vision smartphone ap-
plications. Optom Vis Sci. 2016;93(7):667—672. https://doi.org/10.
1097/0PX.0000000000000873.

Birch J, Rodriguez-Carmona M. Occupational colour vision stan-
dards: new prospects. | Opt Soc Am A Opt Image Sci Vis. 2014;
31(4):A55-A59. https://doi.org/10.1364/JOSAA.31.000A55.

Civil Aviation Authority. Minimum Colour Vision Requirements for
Professional Flight Crew. Recommendations for New Colour Vision
Standards. Civil Aviation Authority; 2009. Available at: https://
publicapps.caa.co.uk/docs/33/200904.pdf. Accessed July 10, 2022.
Ballard J. Colour vision safety on track: safer and fairer colour
vision testing at London underground. In: Occupational health at
work; 2013:20-23. Available at: https://www.city.ac.uk/__data/
assets/pdf_file/0010/288739/Colour-vision-safety-on-track-J-Ballard-
June2013.pdf. Accessed July 10, 2022.

Ochiai T. Universal-Design LED Traffic Signals for Colour-
Deficient Drivers. In: CIE 26th Session of the CIE, Proceedings, Bei-
Jjing, China. 2007;2(D4):68-71.

El Moussawi Z, Boueiri M, Al-Haddad C. Gene therapy in color
vision deficiency: a review. Int Ophthalmol. 2021;41(5):1917-1927.
https://doi.org/10.1007/s10792-021-01717-0.

www.thelancet.com Vol 14 July, 2023


https://doi.org/10.1016/s0008-4182(00)80030-7
https://doi.org/10.1016/s0008-4182(00)80030-7
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref60
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref60
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref60
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref60
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref61
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref61
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref61
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref61
https://doi.org/10.1007/s00417-004-0893-z
https://doi.org/10.1007/s00417-004-0893-z
https://doi.org/10.3357/AMHP.5009.2018
https://doi.org/10.3357/AMHP.5009.2018
https://doi.org/10.3357/asem.3111.2012
https://doi.org/10.1007/s00347-006-1443-3
https://doi.org/10.1097/OPX.0000000000000873
https://doi.org/10.1097/OPX.0000000000000873
https://doi.org/10.1364/JOSAA.31.000A55
https://publicapps.caa.co.uk/docs/33/200904.pdf
https://publicapps.caa.co.uk/docs/33/200904.pdf
https://www.city.ac.uk/__data/assets/pdf_file/0010/288739/Colour-vision-safety-on-track-J-Ballard-June2013.pdf
https://www.city.ac.uk/__data/assets/pdf_file/0010/288739/Colour-vision-safety-on-track-J-Ballard-June2013.pdf
https://www.city.ac.uk/__data/assets/pdf_file/0010/288739/Colour-vision-safety-on-track-J-Ballard-June2013.pdf
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref70
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref70
http://refhub.elsevier.com/S2772-3682(23)00031-8/sref70
https://doi.org/10.1007/s10792-021-01717-0
www.thelancet.com/digital-health

	Colour vision restrictions for driving: an evidence-based perspective on regulations in ASEAN countries compared to other c ...
	Introduction
	Methods
	Search strategy and selection criteria

	Results
	Existing regulations for obtaining a driving license
	Evidence-based literature review on the effect of colour vision deficiency on driving

	Discussion
	Need for more awareness and advice
	Need for standardization of colour vision tests
	Newer innovations to potentially narrow the gap

	ContributorsACST formulated and led the direction of the article. WW, HH, MJL, WWL, NAMR, MS, PR, ACST contributed to the d ...
	Declaration of interests
	Acknowledgments
	References


