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Abstract

Background This article shows an integrative review on the impact that abnormal color vision may have on the daily routine
of individuals.

Purpose We followed the PRISMA guidelines for reviews and carried out researches in four databases (Pubmed, Lilacs,
Scopus, and Web of Science) using keywords related to the impact of abnormal color vision.

Method Initially, 805 articles were retrieved and after a first filtering stage, we selected 74 articles for a detailed analysis
of the abstracts in which it was found that a total of 20 studies were in fact related to the topic of this review. We then read
the selected studies in full and those included in the final selection were analyzed and categorized into specific topic groups
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of findings. Seven categories were created in total: “impact on daily routine activities”, “occupational impact”, “impact on
product choice motivation”, “emotional impact”, “impact on school or professional qualification”, “impact on self-care and
health”, and “advantages”.

Results From the definition of these categories we could understand that people with some degree of color vision loss face
challenges in different aspects of their daily life, especially in their work activities. Still, the amount of research and hence
technical support which could be offered to this population is restricted. Additionally, the scarce availability of publications
on the topic and the fact that they include very specific groups of people, such as drivers and medical students, allow us to
draw only partial conclusions about the all possible impacts yield by such perceptual difference since they observe the impact
of the color-vision deficiency in their daily routine from a specific and precise point of view.

Conclusions A broader view of the impact of this problem on the daily life of its carriers is fundamental for implementing
strategies that allow such people to be included in all sorts of activities or for the impact of this sensory change to be decreased

or treated in a way that would reduce the detrimental impacts.

Keywords Color vision - Color perception - Dyschromatopsia - Color blindness - Impact - Visual function - Color vision
defects

Introduction qualitatively on individuals’ lives and this impact probably

occurs in an unique and personal way. Such repercussions

Color is a powerful tool for encoding and emphasizing visual
information present in our life routine despite culture or life
style or. It is putative that anomalous color vision impacts
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are present even when the color vision losses are barely con-
sciously noticeable. To those of us who experience some
degree of color vision loss or dyschromatopsia it may be due
to congenital or acquired conditions. According to previous
studies, the prevalence in cases of congenital dyschromatop-
sia is approximately 7% of the male population and 0.5% of
the female population [43].

Color processing is related to both subjective and more
concrete aspects of human life. On one hand it is important
to emotional response such as mood in situations of esthetic
experiences [7, 8, 36] and on the other it conveys specific
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information, such as map readings, where level curves,
road and relief characteristics are color-coded [6]. A further
example for objective color coding is among pharmaceuti-
cals. For elderly people making continuous and intense use
of numerous medications, colors may facilitate their identifi-
cation more efficiently or quickly than by means of tags and
labels, improving agility in the use of medications. Aging
is, however, often associated with changes in color vision.
Ishihara et al. [14] pointed out that medicine colors tend to
be confused by the elderly and suggested changes in color
combinations and special products for this age group. Even
though color seems to be related to a broad range of aspects
in modern life, little is known about how that impact can
influence the daily routine of people with changes in this
visual attribute.

Regarding acquired color vision alterations there are stud-
ies such as thesis from Piro et al. [27, 28] in which acquired
color vision alterations can be a biological marker to distin-
guish the beginning of Parkinson’s disease or the prognosis
of multiple sclerosis. Studies on other neurological disorders
follow the same pattern showing that color vision defects
could be one of the earliest signs of visual loss in the evolu-
tion of Leber hereditary optic neuropathy (LHON) on the
studies of Ventura et al. [38] or even precede the diabetic
retinopathy [10, 12].

Despite the limited number of studies on the impact of
abnormal color vision, there is currently great interest in
improving the quality of life of people who have such losses.
Initiatives from the academy, industry, and organized groups
of patients include attempts to cure or correct abnormal
color vision by the means of gene therapy, adaptive lenses,
digital simulation tools, and color transformation methods
[2, 19, 26, 32, 34, 42].

Technological strategies allow individuals with altered
color vision to find information within images or pictures
which would be very difficult without it [18, 24]. A few
technology companies have identified that this visual change
may influence the use of their products by dichromat con-
sumers and developed changes in the color palette of their
products in order to correct or minimize those problems.
Also, lenses which increase color saturation have been
developed by Tanuwidjaja et al. [37], in their study they
discuss that the deleterious impact of color vision changes
the routine of people with this deficit.

Contrary to the majority of studies that find negative
results connected to the impact of altered color vision, a
study deals with the thresholds of detection of contours or
better definition of contrasts in some luminance frequencies,
reporting a better adaptation of dichromats to environments
with low contrast in those frequencies [33]. Other studies
report the advantages that some people with color vision
changes could have related to the recognition of camouflage,
that is, these people would recognize this color pattern more
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efficiently than people with normal color vision. These stud-
ies suggest that dichromat people are less susceptible to
focusing on the color interference and are prone to focus on
the texture detection [22, 25].

Almost 10 years ago an important study has been pub-
lished bringing the ambitions idea of a possible cure for the
congenital types of color blindness. The study of Mancuso
et al. [19] successfully employed a gene therapy protocol
that allowed dichromat squirrel monkeys (Saimiri sciureus)
to perform a series of electrophysiological and behavioral
tests as a trichromat animal would. This study represented
a milestone in the study of color vision and the possible
implications it might have for the people carrying congenital
dyschromatopsia have been speculated ever since.

Regardless of the nature of the change in color vision,
whether congenital or acquired throughout life, and regard-
less of how one has sought to correct those visual changes—
with gene therapy, technological resources, or physical
devices—it is evident that changes in color perception have
an impact on the daily routine of its carriers. We believe an
important achievement such as this could be better employed
if it were based on consistent research assessing the impacts
that different degrees of color vision could bring to the peo-
ple who have it. This prompted us to the question motivat-
ing this paper. Thus, we present a joint analysis of the data
obtained so far, as well as a reflection on the prospect in the
area based on a broad review.

He we present an integrating review in this study aiming
at the following question: what is the impact of anomalous
color vision on people’s lives?

Method

For the present review we followed the method proposed by
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) in search flowchart and determination
of relevant points [21]. This method proposes a standardi-
zation of literature reviews with a transparent and accessi-
ble method for other researchers [39]. In order to obtain as
many relevant articles as possible, we used a search strategy
adapted to the operation of each of the electronic bases, that
is, using similar words, but observing the field completion
system according to the structure of the website.

Our integrative review began with the identification of the
problem and clear definition of the initial question: What do
studies about the impact on the daily routine of people with
anomalous color vision reveal? Researches were performed
between February and April 2018 and the criteria for inclu-
sion of the papers were: studies published in English, Por-
tuguese, or Spanish languages and within the last 10 years.

Initial searches were performed in four electronic bases:
Web of Science, Scopus, Lilacs, and Pubmed by two
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reviewers (authors MS and ML), using specific keywords
as listed on Table 1, below.

After this first searching step, the team of six authors was
divided into three pairs that separately analyzed potentially
relevant titles and abstracts in order to choose the articles
that would integrate this review. Exclusion criteria were
texts describing color change alone, prevalence studies, tech-
nology development studies that did not mention impact on
any part of their content. When there were discrepancies on
the decision regarding one article’s inclusion to the review
they were settled by including a third reviewer.

The articles selected were those containing research
results related to the impact on the daily routine of individu-
als with abnormal color vision. The criterion used to include
articles for analysis and categorization was the presence of
experimental results and/or the clear discussion about the

impact on the daily routine of individuals with altered color
vision. Then, after selecting the articles considered relevant,
the full texts were analyzed by all authors. The papers pre-
senting aspects related to the guiding question were organ-
ized into thematic categories established according by the
authors as it seemed necessary throughout the studying of
the texts. The process of defining the categories is described
in the “Results” section of this paper.

Results

The initial search on all four databases returned 809 titles,
554 from Scopus, 161 from Web of Science, 33 from the
Pubmed platform, and 61 from the Lilacs platform. At the
first screening, it was considered if the title was coherent

Table 1 Summary of the research strategies applied in each of the databases used for this review

Database Research strategies

Lilacs (bvs)

Visdo de cores and Defeitos da Visdo cromatica (titulo, resumo e assunto) and Humanos

Defeitos da Visao Cromatica (titulo, resumo e assunto)

Dicromatopsia (Titulo Resumo ou assunto)

Percepcao de Cores (Tit, Res, Assun) and Humanos

Funcio Visual (Titulo, Resumo, assunto) and cores

Pubmed

Web of Science

Scopus

Color Vision Defects/congenital[Mesh] AND “Color Vision Defects/psychology”’[Mesh]
color vision defects[MeSH Terms] AND impact[Title/Abstract]

(blindness, color[MeSH Terms]) AND quality of life[Title/Abstract]

(color blindness[MeSH Terms]) AND Psychology[Title/Abstract]

(color blindness[MeSH Terms]) AND Questionnaire[Title/Abstract]

(color blindness[MeSH Terms]) AND everyday tasks[Title/Abstract]

(blindness, color[MeSH Terms]) AND everyday work|[Title/Abstract]

(color blindness[MeSH Terms]) AND general practitioners[Title/Abstract]

(blindness, color[MeSH Terms]) AND occupational handicap|[Title/Abstract]

(color blindness[MeSH Terms]) AND (vision[Title/Abstract] AND sport[Title/Abstract])
((blindness, color[MeSH Terms]) AND sports|[Title/Abstract])

Topico: (color blindness) Refinado por: Categorias do Web of Science: (PSYCHOLOGY) Tempo estipulado: 2008-2018

Tépico:(“color blindness”)Refinado por: Tépico: (humans)Tempo estipulado: 2008-2018
Toépico: (“color blindness”) AND Tépico: (impact) Tempo estipulado: 20082018

(“color blindness”) and (“everyday work™)

(“color Blindness”) And (quality of life)

Tépico: (color blindness) AND Tépico: (“everyday tasks”) Tempo estipulado: 2008-2018

key (“color blindness”) and (limit-to (pubyear, 2018-2009)) and (limit-to (exactkeyword, “color blind-

ness”) or limit-to (exactkeyword, “human”) or limit-to (exactkeyword, “color vision defects”) or limit-to (exactkey-

word, “humans”)) and (limit-to (language, “english”) or limit-to (language, “spanish”))
(key (“color blindness”) and title-abs-key (questionnaire))
(key (“color blindness”) and title-abs-key (“everyday work™))
(key (“color blindness”) and title-abs-key (“quality off life””))
(key (“color blindness”) and title-abs-key (“occupational handicap”))
(key (“color blindness”) and title-abs-key (“everyday tasks”))
(key (color and blindness) and title-abs-key (impact)) and (limit-to (pubyear, 2018-2009))

The keywords were chosen from the specific descriptors list from each of the databases
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regarding the proposed topic and 75 articles were selected
for abstract reading and a brief analysis of the text. At this
stage six texts were excluded, as they had no cohesive ref-
erences on the impact of abnormal color vision. A total of
49 papers were read in full and, finally, we elected the 20
papers that were indeed pertinent to this review. The flow-
chart (Fig. 1) below summarizes the steps involved.

Related subjects

We categorized the research findings into seven categories
describing the nature of impact assessed by the studies.
As a result, we had a total of seven categories: “impact on
daily routine activities”, “occupational impact”, “impact on
product choice motivation”, “emotional impact”, “impact
on school or professional qualification”, “impact on self-
care and health”, and “advantages in altered color vision”.
According to the range of results described in each paper,
one same article could fit into more than one category, as
the Table 2 shows below.

Seventeen out of 20 studies had finding categorized

as impact on daily routine activities, making it the more

99 Gl

Table 2 Categories established as the reviewers carefully analyzed
the 20 papers included in the present review

Category Total Representa-
number of  tiveness (%)
articles

Impact on daily routine activities 17 85

Impact on product choice motivation 2 10

Impact on school or professional quali- 7 35

fication

Occupational impact 10 50

Emotional impact 1 5

Impact on self-care and health 4 20

Advantages in altered color vision 0 0

The amount of studies presenting results in each of the categories
gives an idea of the whole range of subjects color vision deficits are
considered to have an effect upon

frequently observed topic. Daily routine activities were con-
sidered as all daily actions not related to study or work that
included: driving vehicles under abnormal color vision and
its risks [2]; difficulties in sports-practice requiring color
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recognition for performance. Long and Junghans [17] men-
tion this issue with the use of maps for guidance in orienteer-
ing races and the disadvantages some athletes have due to
the colors commonly used on the map.

Under daily routine there are also studies on the difficulty
that color blind people have in reading texts on either print
or electronic media [6, 11, 16, 23, 30, 31, 42] besides focus-
ing on the description of such difficulties, also discuss the
development of a software to change colors of texts in order
to make the reading easier to colorblind people.

As publications related to the development of both hard-
ware and software technology to facilitate access to infor-
mation and entertainment by the colorblind we found. The
studies for Ribeiro and Gomes [30], Lau et al. [16], Chaparro
and Chaparro [6] which present algorithms digital image
adjustments in a variety of digital resources.

The category occupational impact included studies refer-
ring to the effects of color perception on occupational per-
formance. Among all the occupations presented, the most
frequently studied are medical and medical-related careers
as shown in the article by Dargahi et al. [9] which deals
with the impact altered color vision of laboratory technicians
and physicians can have on the potential of errors in exam
reports and analyzes. Pathologists are also mentioned in
relation to the diagnostic difficulties they face in their routine
[1]. A questionnaire applied during a pathology conference
assessed the opinion of medical pathologists on the impact
of altered color vision and the professional relationship and
almost two-thirds answered that people with altered color
vision should not practice pathology and no pathologist out
of the 93 respondents confessed having any difficulty with
color viewing. Also related to this topic, the article by Rubin
et al. [32] deals on the use of monitors to make viewing his-
tology slides easier for histologists with altered color vision,
linking once again the diagnostic capacity of this group to
the color spectrum they are able to see.

Some of the papers, also selected under the occupational
category, refer to the difficulty in reading texts in scien-
tific journals featuring charts and graphs that do not fit this
population. Those articles suggest colors causing less visual
confusion and the authors’ attention to this matter [31, 42].

The category “impact on school or professional quali-
fication” is related to the difficulties experienced by indi-
viduals in the school routine in both basic and vocational
education. In this category, studies such as Rubin et al.
[32] raised the main difficulties medical students have to
view laboratory slides and argues that removing color from
some histology images may help a student with altered
color vision to discern the images. Also, studies reflecting
the difficulty of reading texts, graphs, and images, both
in journals and electronically, were included in this cat-
egory as school education is closely related to those stud-
ies. The text by Frane [11] describes that graphs printed

in magazines do not take those with color vision deficits
into consideration, demonstrating a frequency of 8% of
the analyzed images containing problems to be identified
by altered color vision individuals. In contrast, the articles
by Ribeiro and Gomes [30] and Chaparro and Chaparro
[6] discuss about the difficulties dichromats find to access
images on the computer and propose developments of
hardware and software to adjust colors for dichromats.

When analyzing articles related to the “impact on
product choice motivation” we find studies such as Tanu-
widjaja et al. [37], Steward and Cole [36] and Witter and
Ramos [40] reporting the influence colors can have on the
decisions to buy or choose products. Ramos’ article [40]
describes this relation in the influence colors can have on
the motivation to read works of children’s literature. In the
article, children connect the choice of stories with colors
related to them, but they do not relate the children’s atten-
tion at the moment the story is being told or the assess-
ment of the story. The article Tanuwidjaja et al. [37] brings
up the use of technology once more with the pretense of
helping colorblind people tackle obstacles in their daily
activities such as how to choose fruits, flowers and clothes
using a color-signaling device.

The category “emotional impact” presents results refer-
ring to social situations of prejudice, ridicule, mockery, or
other behaviors which have had emotional impact on altered
color vision individuals or that refer to their relationship
with people that are part of their routine. The article by
Melo et al. [20] brings up mainly the curiosities of third
parties with respect to color vision and the social interaction
resulted from this.

On “impact on self-care and health” articles were
included that reveal difficulties of recognizing blood in body
fluids, difficulties with the use of medications or skin char-
acteristics [15, 29]. The most striking study on this issue is
Katmawi-Sabbagh et al. [15] which discusses male color-
blind patients who had bladder cancer and the relationship
with the more severe forms of the disease in this group asso-
ciated with the difficulty of identifying blood in the urine
due to their altered color vision.

After meditating on the selected articles the group real-
ized that no study in that specific period reported advantages
in altered color vision, even though some articles would have
already mentioned this previously. Still, we found it was
relevant to create the category “advantages in altered color
vision” to numerically describe this fact.

Considering a general scenario of the topic categories
studied, we observed that most of the papers—17 out of a
total of 20 (85%)—are related to impacts on daily life activ-
ities, especially regarding traffic and direction signs. The
second most studied category is the one referring to occupa-
tional impact: 10 out of 20 papers discuss this issue (50%),
mainly about the occupational risks due to dyschromatopsia.
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Table3 Year of publication of the twenty studies included in this
review

Table 4 Listing of the countries where the reviewed articles were
came from

Publishing year Number of articles Representa- Country Number of articles Representa-
tiveness (%) tiveness (%)

2008 3 14 Australia 1 5

2009 2 10 Brazil 2 10

2010 0 0 USA 8 38

2011 2 10 India 1 5

2012 0 0 Iran 1 5

2013 1 5 Israel 1 5

2014 3 14 Portugal 1 5

2015 5 24 Sweden 1 5

2016 0 0 Turkey 1 5

2017 4 19 UK 3 14

2018 0 0

The listing reveals the throughout the course of 10 years the amount
of papers related to the impacted of color vision losses and its impact
was never higher than five papers in a year

Time and place

Regarding the year of publication, most studies were pub-
lished between 2014 and 2015, accounting for 38% of the
articles found. The Table 3 below shows the distribution.

About the articles’ publishing country, ten different coun-
tries were found. Most of them were published in the United
States—38% (8 out of 21 articles) [2, 6, 11, 16, 31, 32, 37,
41]. The second country with most publications was the
United Kingdom with 14% of articles selected [3, 15, 42].
Then we have two Brazilian articles [20, 40] and the rest
found are from Australia [17], India [23], Iran [9], Israel
[4], Portugal [1], Sweden [34], and Turkey [1]. The Table 4,
below illustrates the outcome more clearly.

Discussion and conclusion

Despite the fact that we started the search process with a
large number of studies listed (809), we verified throughout
our process of material selection that only 20 studies were
in fact pertinent to the topic of this review and indeed were
related to the impacts that color vision losses may have on
people’s lives. This is probably due to a relative unspeci-
ficity of the descriptors available on each database as well
as due to the scares amount of specific studies concerned
with the impacts of color vision losses on the daily routine.
Although the number of publications on this subject is quite
small, it has increased in the last years and we considered
it may be due to gradual increase in the realization of the
scientific community about the relevance of this topic in the
last 10 years.
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Almost half the publications came from American institutions.
Europe summed one-fourth of the studies and the remaining publica-
tions represented studies carried out in South-America or the Middle-
East

In the current development of visual sciences and tech-
nology It is not only reasonable but also necessary to have
a growing body of knowledge regarding how color vision
losses can impact one’s life. As we present here, it was in the
last decade that we had studies aiming a possibility of a cure
of color blindness as well as the largest number of research
on assisting technology for this population Mancuso et al.
[19] and Shayeghpour et al. [34], improving information per-
ception from digital images for users with dichromatic color
vision; Rubin et al. [32] in using color and grayscale images
to teach histology to color-deficient medical students; Wong
[42] in reply to “more on color blindness”; Almagambetov
et al. [2] in mobile standards-based traffic light detection
in assistive devices for individuals with color-vision defi-
ciency; Shayeghpour et al. [34] in improving information
perception from digital images for users with dichromatic
color vision; Ohkubo et al. [26] in development of a time-
sharing-based color-assisted vision system for persons with
color-vision deficiency.

It is important to mention that there are studies related to
this subject that were published over 10 years ago and there-
fore were not included in our review. These papers discuss
the effects of abnormal color vision with the development of
self-esteem, personality [7], challenges and difficulties faced
by professionals in the medical field [5, 35] and difficulties
in sports-practice [13]. This, even though we decided for a
more restrict time window for our search, we believe our
results provide an accurate scenario of the current research
in the field of assessment of impact caused by color vision
blindness or losses.

The importance of such sensory changes on people’s
lives is quite evident when we analyze the studies. From our
research we believe it is possible to draw a conclusion that
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having abnormal color vision may affect virtually all facets
of modern human life. Despite the presence of individual
differences that make each individual situation a unique one,
a person might have problems in fundamental activities or
dimensions such as occupational performance, education,
social and emotional relationships, personal care, and access
to entertainment and information.

Building knowledge on the subject of the impacts of
abnormal color vision is essential to guide the development
of further assisting technologies for those who deal with this
sensory condition on a daily basis. Mapping and understand-
ing the levels effects of this sensory loss for each individual,
considering interpersonal differences it is mandatory for
safely consider the prescription or use of assisting appara-
tus and therapeutic resources developed for this population.

However, the current evidence base is still limited. In a
scenario of reduced number of studies on the subject we
can conclude that having some degree of color vision loss
impacts the lives of individuals in different and significant
manners. However it is important to emphasize we draw a
general picture based in a rather small amount of studies,
not due to an issue of method but rather due to this being
a subject studied by only a small amount of groups world-
wide. We believe the identification of which are and at what
levels the impacts occur is still a topic of research in need of
growth. Thus, it seems ideal that further studies dedicated
to systematically and comprehensively assess those possible
impacts be carried out.

Compliance with ethical standards

Conflict of interest T certify that all authors to this manuscript have no
conflict of interest to declare.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. Akman, O., & Kosemehmetoglu, K. (2015). Ocular diseases
among pathologists and pathologists’ perceptions on ocular dis-
eases: A survey study/patologlar arasinda goriilen okiiler hasta-
liklar ve patologlarin okiiler hastaliklar hakkindaki algilari: Anket
calismasi. Turkish Journal of Pathology, 31(3), 194-199.

2. Almagambetov, A., Velipasalar, S., & Baitassova, A. (2015).
Mobile standards-based traffic light detection in assistive devices
for individuals with color-vision deficiency. IEEE Transactions
on Intelligent Transportation Systems, 16(3), 1305-1320.

3. Barry, J. A., Mollan, S., Burdon, M. A., Jenkins, M., & Dennis-
ton, A. K. (2017). Development and validation of a questionnaire
assessing the quality of life impact of colour blindness (CBQoL).
BMC Ophthalmology, 17(1), 179.

4. Berger, A., Findler, M., Korach, T., Yativ, O. F., Gronovich, Y.,
& Hassidim, A. (2016). Is male migraine associated with color
vision deficiency? Findings among israeli adolescents between
2007 and 2013. Journal of Child Neurology, 31(5), 593-596.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

Campbell, J. L., Spalding, J. A. B., & Mir, F. A. (2004). The
description of physical signs of illness in photographs by physi-
cians with abnormal colour vision. Clinical and Experimental
Optometry, 87(4-5), 334-338.

Chaparro, A., & Chaparro, M. (2017). Applications of color in
design for color-deficient users. Ergonomics in Design, 25(1),
23-30.

Cobb, S. R. (1980). Evidence for an effect by colour defect on
personality. Perceptual and Motor Skills, 51(1), 159-166.
Cumberland, P., Rahi, J., & Peckham, C. (2004). Impact of con-
genital colour vision deficiency on education and unintentional
injuries: Findings from the 1958 British birth cohort. BMJ,
329(7474), 1074-1075.

Dargahi, H., Einollahi, N., & Dashti, N. (2010). Color blindness
defect and medical laboratory technologists: Unnoticed problems
and the care for screening. Acta Medica Iranica, 48(3), 172-177.
Feitosa-Santana, C., Paramei, G. V., Nishi, M., Gualtieri, M.,
Costa, M. F., & Ventura, D. F. (2010). Color vision impairment in
type 2 diabetes assessed by the D-15d test and the Cambridge col-
our test. Ophthalmic and Physiological Optics, 30(5), 717-723.
Frane, A. (2015). A call for considering color vision deficiency
when creating graphics for psychology reports. The Journal of
General Psychology, 142(3), 194-211.

Gualtieri, M., Feitosa-Santana, C., Lago, M., Nishi, M., &
Ventura, D. F. (2013). Early visual changes in diabetic patients
with no retinopathy measured by color discrimination and elec-
troretinography. Psychology & Neuroscience, 6(2), 227-234.
Harris, R. W., & Cole, B. L. (2007). Abnormal colour vision is a
handicap to playing cricket but not an insurmountable one. Clini-
cal and Experimental Optometry, 90(6), 451-456.

. Ishihara, K., Ishihara, S., Nagamachi, M., Hiramatsu, S., & Osaki,

H. (2001). Age-related decline in color perception and difficulties
with daily activities—Measurement, questionnaire, optical and
computer-graphics simulation studies. International Journal of
Industrial Ergonomics, 28(3-4), 153—-163.

Katmawi-Sabbagh, S., Haq, A., Jain, S., Subhas, G., & Turnham,
H. (2009). Impact of colour blindness on recognition of haema-
turia in bladder cancer patients. Urologia Internationalis, 83(3),
289-290.

Lau, C., Perdu, N., Rodriguez-Pardo, C. E., Siisstrunk, S., &
Sharma, G. (2015). An interactive app for color deficient view-
ers. In Color imaging XX: Displaying, processing, hardcopy, and
applications (Vol. 9395). Bellingham: International Society for
Optics and Photonics.

Long, J. A., & Junghans, B. M. (2008). Orienteers with poor
colour vision require more than cunning running. Clinical and
Experimental Optometry, 91(6), 515-523.

Machado, G. M., Oliveira, M. M., & Fernandes, L. A. (2009). A
physiologically-based model for simulation of color vision defi-
ciency. IEEE Transactions on Visualization and Computer Graph-
ics, 15(6), 1291-1298.

Mancuso, K., Hauswirth, W. W., Li, Q., Connor, T. B., Kuchen-
becker, J. A., Mauck, M. C., et al. (2009). Gene therapy for red—
green colour blindness in adult primates. Nature, 461(7265),
784-787.

Melo, D. G., Galon, J. E. V., & Fontanella, B. J. B. (2014). Os
“daltonicos” e suas dificuldades: Condic¢do negligenciada no Bra-
sil? Physis: Revista de Saiide Coletiva, 24, 1229-1253.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The
PRISMA Group. (2009). Preferred reporting items for system-
atic reviews and meta-analyses: The PRISMA statement. PLoS
Medicine, 6(7), e1000097.

Morgan, M. J., Adam, A., & Mollon, J. D. (1992). Dichromats
detect colour-camouflaged objects that are not detected by trichro-
mats. Proceedings of the Royal Society of London B, 248(1323),
291-295.

@ Springer



862

Quality of Life Research (2019) 28:855-862

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Navada, B. R., Santhosh, K., Prajwal, S., & Shetty, H. B. (2014).
An image processing technique for color detection and distinguish
patterns with similar color: An aid for color blind people. In 2074
International conference on circuits, communication, control and
computing (14C), IEEE, pp. 333-336.

Navada, B. R., & Venkata, S. K. (2017). Design of mobile appli-
cation for assisting color blind people to identify information on
sign boards. Journal of Engineering and Technological Sciences,
49(5), 671-688.

Neel, J. V., & Post, R. H. (1963). Transitory “positive” selection
for colorblindness? Eugenics Quarterly, 10(1), 33-35.

Ohkubo, T., Kobayashi, K., Watanabe, K., & Kurihara, Y. (2010).
Development of a time-sharing-based color-assisted vision system
for persons with color-vision deficiency. In Proceedings of SICE
Annual Conference 2010, IEEE, pp. 2499-2503.

Piro, A., Tagarelli, A., Nicoletti, G., Chiriaco, C., Novellino, F.,
& Quattrone, A. (2017). Color vision as a biological marker able
to differentiate two phenotypically similar neurological diseases.
Neurological Sciences, 5(39), 951-952.

Piro, A., Tagarelli, A., Nicoletti, G., Scannapieco, S., Polidoro, S.,
Valentino, P., et al. (2018). Impairment of acquired color vision in
multiple sclerosis: An early diagnostic sign linked to the greatness
of disease. International Ophthalmology, 1-6.

Reiss, M., Labowitz, D., Forman, S., & Wormser, G. (2002).
Impact of color blindness on recognition of blood in body fluids.
1. American Journal of Ophthalmology, 133(1), 177.

Ribeiro, M. G., & Gomes, A. J. (2013). A skillet-based recoloring
algorithm for dichromats. In 2013 IEEE 15th international con-
ference on e-health networking, applications & services (Health-
com), pp. 702-706.

Roskoski, R. Jr. (2017). Guidelines for preparing color figures for
everyone including the colorblind. Pharmacological Research,
119,240-241.

Rubin, L. R., Lackey, W. L., Kennedy, F. A., & Stephenson, R.
B. (2009). Using color and grayscale images to teach histology to
color-deficient medical students. Anatomical Sciences Education,
2(2), 84-88.

Sharpe, L. T., De Luca, E., Hansen, T., Jagle, H., & Gegen-
furtner, K. R. (2006). Advantages and disadvantages of human
dichromacy. Journal of Vision, 6(3), 3-3.

@ Springer

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Shayeghpour, O., Nystrom, D., & Gooran, S. (2014). Improving
information perception from digital images for users with dichro-
matic color vision. In Color imaging XIX: Displaying, processing,
hardcopy, and applications (Vol. 9015). Bellingham: International
Society for Optics and Photonics.

Spalding, J. (1999). Medical students and congenital colour vision
deficiency: Unnoticed problems and the case for screening. Occu-
pational Medicine, 49(4), 247-252.

Steward, J. M., & Cole, B. L. (1989). What do color vision defec-
tives say about everyday tasks? Optometry and Vision Science:
Official Publication of the American Academy of Optometry,
66(5), 288-295.

Tanuwidjaja, E., Huynh, D., Koa, K., Nguyen, C., Shao, C., Tor-
bett, P., et al. (2014) Chroma: A wearable augmented-reality solu-
tion for color blindness. In Proceedings of the 2014 ACM interna-
tional joint conference on pervasive and ubiquitous computing,
pp- 799-810.

Ventura, D. F., Gualtieri, M., Oliveira, A. G., Costa, M. F., Quiros,
P., Sadun, F., et al. (2007). Male prevalence of acquired color
vision defects in asymptomatic carriers of Leber’s hereditary optic
neuropathy. Investigative Ophthalmology & Visual Science, 48(5),
2362-2370.

Welch, V., Petticrew, M., Tugwell, P., Moher, D., O’Neill, J.,
Waters, E., et al. (2012). PRISMA-Equity 2012 extension: Report-
ing guidelines for systematic reviews with a focus on health
equity. PLoS Medicine, 9(10), e1001333.

Witter, G. P., & Ramos, O. A. (2008). Influéncia das cores na
motivacao para leitura das obras de literatura infantil. Psicologia
Escolar e Educacional, 12(1), 37-50.

Wong, B. (2011). Points of view: Color blindness. New York:
Nature Publishing Group.

Wong, B. (2011). Reply to “More on color blindness”. Nature
Methods, 8(11), 891.

Wurm, L. H., Legge, G. E., Isenberg, L. M., & Luebker, A. (1993).
Color improves object recognition in normal and low vision. Jour-
nal of Experimental Psychology: Human Perception and Perfor-
mance, 19(4), 899-911.



	The impacts of abnormal color vision on people’s life: an integrative review
	Abstract
	Background 
	Purpose 
	Method 
	Results 
	Conclusions 

	Introduction
	Method
	Results
	Related subjects
	Time and place

	Discussion and conclusion
	References


