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ABSTRACT

Introduction: Color blindness continues to be a neglected condition in educational environments
and there are no data available on the prevalence and characteristics of cases in the academic
context. In higher education, there is a lack of data on the limitations imposed by the condition,
as well as on the predilection of color-blind individuals for different areas of knowledge. Methods:
In this work, a series study of color blindness cases was conducted in the academic community
of Barreiras, Bahia, Brazil, where cases were identified using the Ishihara online test associated
with symptomatologic interrogation in a single digital questionnaire. Results: The prevalence of
color blindness within the study population was 6.38% (15/235) of participants. A greater number
of cases were observed among participants who are from the area of health knowledge. Although
some people with color blindness reported an impairment in their learning process, the findings
indicate that this was not a determining condition for choosing an area of knowledge, but it limits
the choice of acting in specific areas. The association of a symptomatologic survey allowed us
to identify cases of color blindness not distinguishable by the Ishihara online test and, although
considered rare, we identified cases of tritanomaly among study participants. Conclusions: In
this way, the data points to the presence of cases of color blindness in the academic community
of Barreiras in western of the Bahia and suggests that additional studies should be conducted to
draw a broader profile on the consequences of color blindness in the teaching-learning processes
in higher education.
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INTRODUCTION

In the human eye, light is captured
by two types of cells: cones and rods. Co-
nes are responsible for capturing different
wavelengths of light and are therefore res-
ponsible for color perception. Normal co-
lor vision in humans is trichromatic and is
provided by cells in the retina called cones.
There are three types of cones, classified
according to their excitability to light in spe-
cific wavelength ranges: (i) L-cones, whi-
ch are sensitive to light in the red range;
(i) M-cones, which are sensitive to yellow
and green light; and (iii) S-cones, which are
sensitive to blue light'?

Color blindness is a condition in whi-
ch an individual has difficulty seeing colors.
The types of color blindness are usually the
result of modifications in the opsin genes,
and can be classified as: (i) anomalous tri-
chromatism, in which the perception of red,
green and blue colors is altered in some
proportion; (ii) dichromatism, when percep-
tion is limited to only two colors; and (iii) mo-
nochromatism, when the perception of the
image is only in black and white, in a con-
dition known as achromatopsia. Dyschro-
matopsia can be classified as protanomaly,
deuteranomaly and tritanomaly, causing
total or partial difficulties in the perception
of red, green and blue colors, respectively.
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It is caused by mutations in the genes that
code for opsins (OPN), G-protein coupled
membrane receptors (GPCRs) capable of
recognizing electromagnetic waves in the
blue, green and red light spectrum, and is
therefore a genetic condition **. The most
common form of color blindness, the diffi-
culty in distinguishing between green and
red, involves the genes opn1mw and opn-
1lw, both present on the X chromosome,
hence the X-linked inheritance mechanism.
%% However, it can also occur due to a mu-
tation in the opn1sw gene, which is located

on chromosome 7, in which case an auto-
somal dominant inheritance mechanism
is presented %¢’beginning with the L and
followed by one or more M pigment ge-
nes. The L and M pigment genes are highly
homologous, which predisposed them to
unequal crossing over (recombination. Fur-
thermore, cases of dyschromatopsia can
be confused with rarer conditions, such as
incomplete achromatopsia, which occurs
more rarely in individuals carrying muta-
tions in genes related to the cell signaling
process triggered by photopsin 8 (Table 1).

Table 1. Characteristics and prevalence of diverse types of color blindness in the world

population.
Chromosomal
Cell type Protein Color Prevalence in
Color blindness type ypP Gene location t recognition . Ref.
affected mutation the population
affected
OPN1MW2
Deuteranomaly M-Cone Gene ID: ChrX.q28 cys203arg Green color 1.7-5% 2,6,7
728458
OPN1LW
Protanomaly L-Cone Gene ID: ChrXq28 gly338glu Red color 0.76 — 1% 2,6,7
5956
OPN1SW glyrdarg
. Yellow and
Tritanomaly S-Cone Gene ID: Chr7g32.1 ser214pro Blue colors 0.001 -0.1% 26,7
it pro264ser
OPSIN-LCR cys203arg 0.0001
Typical achromatopsia All cones . ChrXqg28 All colors . o 2,6,7,20
Gene ID: ara247 0.001%
107604627 ¢
RPCR Gluge7*
Atypical achromatopsia  All cones Gene ID: Xp22.13-p22.11 All colors 0.01% 2,6,7,20

613

The diagnosis of color blindness is
performed by ophthalmologists during the
routine examination of patients and is ba-
sed mainly on the use of tests using colo-
red plates, the main tests being the Ishiha-
ra test, which identifies protonomalies and
deuteranomalies, and the HRR test for tri-
tanomaly °°. With the advancement of te-
chnologies, digital versions of these tests

have been developed, with an online ver-
sion of the Ishihara test already experimen-
tally validated °. The use of digital tests to
identify color blindness sufferers could help
understand the prevalence of the condition
in different locations with little access to
medical care M.

Dyschromatopsia affects 5% of the
population ¢'2, being predominant in the

https://www.revistas.usp.br/rmrp



Holanda IRB, Araujo-Santos T

male gender. If the prevalence in the male
population is considered, the percentage
reaches 8% and among the female popu-
lation 0.5% 237.However, there is a lack
of studies on the prevalence of color blin-
dness in academic environments, as well
as on the limitations in learning of students
who have this alteration, because colors
are of great importance as a component of
communication used in the teaching-lear-
ning process 10111314,

In this study, we used the online
Ishihara test associated with symptomatic
questioning to identify cases of color blin-
dness in the academic community, con-
sidering that color blindness is a genetic
condition with multiple causes, but already
identified. We found that the association of
the test with questions related to the me-
chanisms of inheritance of color blindness
was able to help identify cases that would
not be detected by conventional diagnosis.
In addition, we also identified reports from
students and professionals in the academic
community about the impact of color blind-
ness on the choice of the area of knowled-
ge to work in.

METHODS

Study design

Case series study of color blindness
involving the academic community of the
city of Barreiras, Bahia, Brazil. The study
included teachers, administrative techni-
cians and students. Data were collected
between October 2019 and April 2020.

Medicina (Ribeirao) 2024,57(4):e-217330

Data collection

Data collection was carried out using
a digital form (access to the form). Com-
munity participants were invited to partic-
ipate by means of posters placed around
the institutions containing QR Codes direct-
ing them to the form, as well as through in-
formative lectures on color blindness. The
following information was collected: name,
email, academic position, educational insti-
tution, ongoing course, age, gender, place
of birth, whether they have ever taken a
color blindness test, whether they have
ever been seen by an ophthalmologist,
family history of color blindness, degree of
kinship with the color blind family member,
previous diagnosis of color blindness, type
of color blindness and impact of the con-
dition on the choice of field of activity. The
form then provided images for the Ishihara
test 7. The individuals’ responses were an-
alyzed using standardized procedures for
analyzing the Ishihara test, which allowed
individuals to be classified as having or not
color blindness. Cases of color blindness
that did not fall within the scope of the Ishi-
hara test were resolved by the inheritance
mechanism identified from the form data.

Statistical analysis

Descriptive statistics were perfor-
med to determine the relative frequencies
of categorical variables, as well as to obtain
the medians and their respective values for
continuous variables. All data were analy-
zed using GraphPad Prism 5.0 software
(GraphPad Software Inc).
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Ethics

The research was submitted to the Hu-
man Research Ethics Committee for con-
sideration via the Brasil platform, obtaining
its approval with the registration number
CAAE: n°18132619.5.0000.8060.

RESULTS

Characteristics of survey
participants

The prevalence of color blindness wi-
thin the study population was 6.38%, with a
total of 15 cases. General data of the study
population: 85.11% of the participants were
students, 8.94% were teachers, and 5.96%
were administrative technicians. 89% of the
participants were from public institutions
and 11% from private institutions. 69.5%
of the participants were female and 30.5%
were male. The mean age of the participan-
ts was 25.6 years (25.6 £ 6.26). In addition,

we identified a higher incidence of cases in
individuals linked to the health area (n = 8,
53.3%), followed by the humanities (n = 5,
26.7%) and exact sciences (n = 3, 20%).
The general data of the participants are
summarized in Table 2. There were reports
of learning difficulties in 9 cases out of a
total of 15, but it was not possible to identify
whether color blindness was a predominant
condition for interest in a specific area of
knowledge. The main reports included: di-
fficulty distinguishing colors in brushes on
the board; difficulty interpreting projected
or printed images in assessments; difficul-
ty analyzing histological slides or in tests
using microscopy; inability to distinguish
color-dependent clinical conditions, such
as jaundice and redness; difficulty in inter-
preting tests in psychology; difficulty distin-
guishing colors in graphs and spreadshee-
ts. We identified a discrepancy of 4 cases
between the previous diagnosis and that
identified by our data collection instrument.

Table 2. General characteristics of research participants.

Category
Variables
Teachers Students Education technicians
No. of participants (21) 8.94% (200) 85.11% (14) 5.96%

Female* (12) 9.52% (143) 71.50% (10) 71.43%
Age in years 38+3.94 23.61£3.87 3517.05
Color blindness* (2) 9.5% (11) 5.5% (2) 14.3%

The absolute frequency of the variables analyzed is in parentheses, followed by the relative frequencies.
Age in years is represented by the mean + standard deviation. # indicates that relative frequencies were

represented by category analyzed.
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Deuteranomaly cases

Deuteranomaly is the most common
form of dyschromatopsia '. In this study,
we identified 7 cases of mild to severe deu-
teranomaly and 2 cases of deuteranopia
that fit into the same spectrum, with a to-
tal of 9 cases, 2 cases concordant with a
previous ophthalmological diagnosis, 2 dis-
cordant and 5 without a previous diagnosis.

The mean error rate was 19.33 + 6.63 in
a total of 38 boards present in the online
Ishihara test. There was a predominance of
male individuals (85.7%) with a mean age
of 27.2 £ 6.12 years. The use of symptoma-
tic inheritance interrogation also allowed us
to identify a characteristic pattern of inheri-
tance linked to the X chromosome, as ex-
pected for this condition (figure 1A).

Figure 1 - Pedigree of cases of color blindness identified by the Ishihara’s on-
line test associated with the symptomatologic survey. Genealogic tree shows family
members are shown according to male ([_]) and female () genders. Fully filled sym-
bols indicate individuals with color blindness and partially filled symbols indicate the pres-
ence of alleles for color blindness without the manifestation of the condition.

A

Deutan cases

Two idantical cazes

Rod Monochromacy

T
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Incomplete achromatopsia case

Rare cases of color blindness can be
confused with dyschromatopsia, since indi-
viduals only perceive one color 8. The as-
sociation of the Ishihara test with a sympto-
matic interview allowed us to identify a case
of incomplete achromatopsia. A 24-year-old
male individual. He was previously diagno-
sed with tritanopia, as he reported difficul-
ty seeing colors from the age of 4. In the
family, the paternal grandfather and a first-
-degree cousin have difficulty seeing colo-
rs. He reported that he cannot see the blue
color, exchanging it for gray or black, and
has difficulty seeing on the chart or graphs.
Of the 38 questions, he answered 21 in-
correctly, with an error rate of 55.26%. The
inheritance analysis allowed us to identify
an autosomal recessive inheritance pattern
compatible with incomplete achromatopsia,
also known as ROD monochromacy (figure
1B).

Achromatopsia case

Extremely rare, achromatopsia oc-
curs at a frequency of 0.001% in the gene-
ral population 7. In this study, we identified
a 22-year-old male individual who was pre-
viously diagnosed with deuteranopy, repor-
ted difficulty seeing colors since the age of
10, and was unable to say whether anyone
in his family had any difficulty seeing co-
lors. He also reported that the difficulties
were greater when interpreting graphs and
drawings. Out of 38 questions, he answered
29 incorrectly, with an error rate of 76.31%.
The case is likely achromatopsia, since the
individual was unable to identify the color
representations in any of the test palettes.

Possible tritanomaly

The Ishihara test is only able to dis-
tinguish color blindness related to the dis-
tinction between green and red. Here, we
have identified two cases of color blindness
probably related to the perception of the
blue color. However, the HRR test is the
most appropriate to classify the three levels
of color vision deficiency: mild, modera-
te and severe for the three most common
types of color dyschromatopsia ’. Through
the online form, we were able to identify
characteristics of the participants that indi-
cate the presence of tritanomaly. The cases
are described below:

Case 10 - A 36-year-old male repor-
ted not having been previously diagnosed,
but only reported having difficulty seeing
colors since the age of 18. He also stated
that his brother also has difficulty seeing
colors. The participant reported that he was
unable to differentiate shades, yellowish
green, and the tones of these colors. Out of
38 questions, he only got 3 wrong, with an
error rate of 7.89%; this is probably a case
of tritanomaly.

Case 14 - 19-year-old female who re-
ported not having been previously diagno-
sed, only reported having difficulty seeing
colors and was unable to say since when. It
is not known whether anyone in the family
has difficulty seeing colors. She reported
difficulty seeing shades of gray and com-
monly confuses them with shades of brown
and yellow. Out of 38 questions, she got
7 wrong and has an error rate of 18.42%.
This is probably a case of tritanopia, but in
this test applied in the research this type is
not identifiable.
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Both individuals answered correctly
the questions related to the identification of
protan and deutan color blindness, but they
reported difficulty perceiving colors and
answered incorrectly the questions on the
online Ishihara test that allow identifying co-
lor perception difficulties. Since they were
individuals of both sexes, with no previous
family history of the condition, we believe
these are cases of tritanomaly, since they
were mild cases, and the difficulty in percei-
ving the blue color is often not noticeable
in many individuals with the condition. They
may also be cases of tritanomaly related
to the presence of autosomal mutations on
chromosome 7, which would justify the ab-
sence of family history (see Table 1).

Unsolved cases

The Ishihara test has limitations for
identifying cases of color blindness not
understood as the difficulty in perceiving
red-green °. Here we identified 2 cases
of color blindness that could not be distin-
guished by the test. The use of a digital data
collection instrument, although it allows for
a more comprehensive reach, brings limi-
tations regarding adherence and quality of
responses from some participants. Below it
is a description of the cases:

Case 12 — A 22-year-old female re-
ported having been diagnosed with uns-
pecified color blindness since the age of
6. She was unable to report the presence
of the condition in other family members.
She also reported having difficulty with the
colors black and white, and that she gets a
headache when looking at them for more
than 5 seconds in some cases. Out of 38
questions, she answered 9 incorrectly, with
an error rate of 23.68%. It was not possib-
le to determine the type of color blindness
with the test alone.
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Case 8 — 22-year-old female. She
was diagnosed with color blindness, but
she reported that the type was not repor-
ted. She was unable to say whether anyo-
ne in her family had difficulty seeing colors,
or she had difficulty with the colors of the
brushes used in class, viewing slides, or
in practical tests. In addition to color blind-
ness, she had a limited field of vision. Out of
38 questions, she answered 13 wrong, with
an error rate of 34.21. The test was unable
to identify the type of color blindness.

DISCUSSION

Color blindness is a condition that
has been known for more than three centu-
ries, yet it remains neglected in learning en-
vironments, as prevalence data in the aca-
demic population are scarce':In this study,
we identified cases of color blindness in the
academic community of Barreiras, Bahia,
Brazil, using an electronic Ishihara form
associated with a symptomatologic survey.
The prevalence of color-blind individuals
was similar to that found in the general po-
pulation. We identified cases of color blin-
dness in individuals working in different
areas of knowledge.

Regarding the implications in the
academic environment and in the choice
of profession, it is worth highlighting that in
some choices the condition may be limiting,
and it is not possible to state with precision
that a colorblind person cannot perform a
specific activity, for example an activity in
a pathology laboratory, which has colored
slides that in a more severe type are very
difficult to observe 7' There are examples
of colorblind people who work as graphic
designers, which is a profession that also
works a lot with colors. This confirms that it
willdepend on each individual, who has their
own expectations and limitations . In this
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study, we found a higher frequency of par-
ticipants from the health field, who reported
a greater impact of the condition on the per-
formance of their activities. There were also
cases of people who changed their areas
of study due to their color blindness, which
ended up contributing to a lack of identifica-
tion with the field and a feeling of not being
competent to perform the activities. Among
the difficulties reported were the inability to
see colored brushes on the board, viewing
slides, and microscope slides. In our study,
we even identified a student who dropped
out of a chemistry course and changed his
choice to a course in the humanities area
because of color blindness. Regarding the
medical area, one of the main difficulties re-
ported by students in the field is the presen-
ce of clinical signs in patients that directly
depend on the interpretation of colors. The
reports are very diverse in the health area
'8, More specifically, in the medical course,
some study participants reported difficul-
ty in interpreting clinical signs that appear
through colors, such as eye changes such
as red or yellow eyes, as occurs in cases of
conjunctivitis and jaundice. In addition, the
interpretation of tests such as arterial blood
gas analysis, at the time of collection, to dif-
ferentiate bright red arterial blood from dark
red venous blood.

Like other studies, this study had
some limitations, such as the lack of di-
rect contact with participants. However,
previous studies have validated the online
Ishihara test for diagnosing color blindness
%, The online form may present an impedi-
ment to assisting the participant when the
participant does not understand a question
and is unable to know the circumstances
in which the questionnaire was answered
'8, Improvements to the instrument, such as
reducing the number of questions and the

time required to complete the form, could
result in better participant adherence, and
should be carried out in future research. We
found a discrepancy between the data col-
lected through the virtual form and the diag-
nosis made by the ophthalmologist, but we
cannot ignore the limitations of the study.
When the Ishihara test is administered by a
medical professional, the test administrator
may influence the response to the virtual
form. On the other hand, the response to
a virtual form may not be sufficient to resol-
ve possible doubts regarding the answers
that should be given in a certain part of the
form'°. To reduce the bias associated with
the absence of a mediator during the test, in
cases where it was not possible to identify
the type of alteration, the participants were
contacted by the researchers. Another limi-
tation of this study was the absence of tools
capable of identifying alterations related to
the perception of the blue color, tritanopia,
which depends on the application of a spe-
cific questionnaire, such as the HRR. Addi-
tional validation studies of a mixed virtual
questionnaire using the Ishihara test and
specific tests for tritanomaly, or even cases
of achromatopsia, need to be developed
and validated. The inheritance mechanis-
ms related to specific types of color blind-
ness are already known. In this study, we
identified individuals with tritanomaly using
these assumptions, since family history
allows us to identify the type of inheritance
related to color blindness. In this study, we
verified the importance of understanding
the genetic inheritance mechanism related
to color blindness. Although some studies
have validated virtual tests for the identifi-
cation of color blindness', This is the first
study to associate information on the ge-
netic inheritance mechanism with data from
the Ishihara test, which expands the ability
to identify types of color blindness beyond
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those covered by the test. The use of an
online form with additional questions to the
Ishihara test could be an interesting tool to
expand the applications of the test to other
types of color blindness not covered by the
conventional test.

Thus, we found that color blindness
is a condition present in the academic com-
munity of Barreiras, in western Bahia. This
condition is present in a wide range of insti-
tutions, and there are no reports in the lite-
rature of strategies or policies for inclusion
of these individuals. Approximately 6% of
the community has this condition. The data
from this study will contribute to the estab-
lishment of inclusion policies and will be a
good contribution to future studies on color
blindness in the region.

CONCLUSION

We conclude that color blindness is
a condition present in the academic com-
munity of Barreiras, in western Bahia, and
is present in a wide range of institutions,
which do not have any strategy or policy for
inclusion of these individuals. Approxima-
tely 6% of participants have this condition.
We also found rare cases that were not ex-
pected during the development of the stu-
dy. The data from this study will contribute
to the establishment of inclusion policies
and offer a contribution to future studies on
color blindness in the region.
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