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Abstract: Color blindness or color vision deficiency is X-linked recessive disorder that affects males more
frequently than females. Abnormality in any one or all three cone photoreceptors caused Congenital disorders.
Protanopia, deuteranopia results when long wavelength (L), photopigments (red), middle wavelength (M) and
photopigments (green) are missing.
This cross-sectional study was done to find out the prevalence of color vision deficiency among basic school
students in Koya city with different ages and genders. The study was conducted in four basic schools that were
present in Koya city (Zheen, Zanst, Nawroz and Najibaxan).
All students screened by using Ishihara 24 plates. For the study (n=400, male=206, female=194, age=8-14) were
selected & examined. The result revealed that the prevalence rate of the deficiency in four primary schools 3.39%
(7) in males and 0% females. The study concluded that color blindness is different between students in each school,
cannot find the prevalence of Color blindness in females in each school and affects males more than females because
color blindness is an X-linked recessive disorder. The aim of the study was to determine the prevalence of color
blindness in some basic schools in Koya city, Kurdistan Region/ Iraq.

Keywords: Color blindness, Prevalence, Pseudoisochromatic Ishihara color test, X-linked recessive disorder,
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1. Introduction
Color blindness or color vision deficiency (CVD) is
the decreased ability to see some colors or perceive their
differences [1]. It takes place when one or more of three
types of color sensitive cone cells or photoreceptor (red,
green and blue) do not perfectly gather or send the proper
color signals to the optic nerve. It may either be
congenital or acquired. The congenital type usually
inherited and linked to the X chromosome (red-green
color blindness) and therefore, more frequent in males
than females, besides it may be commonly an autosomal
dominant trait (blue-yellow color blindness) and very rare
an autosomal recessive inherited trait [2].
Normal color vision is actually trichromatic that is
the combination of red, green, and blue lights [3]. It
requires three types of cone photopigments that differ in
their relative spectral sensitivities, and are generally
termed as red (long wavelength), green (middle
wavelength), and blue (short wavelength) cone pigments
[4]. There are three types of color vision deficiency:
monochromacy, dichromacy and anomalous trichromacy.
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Monochromatism, being so rare, is the total absence
of color vision and occurs when two or all three of the
cone pigments are missing. Dichromatism occurs, when
only one of the cone pigments is missing and is
categorized into protanopia (characterized by the utter
absence of red cone), deuteranopia (characterized by the
absence of green cone) and tritanopia (complete absence
of blue cone). Anomalous trichromatism involves
reduced sensitivity to one of the three cone pigments and
includes protanomaly, deuteranomaly and tritanomaly in
which the spectral sensitivity of the red, green and blue
cone receptors is altered. Achromatopsia is the most
dangerous form of color vision defect [5].
In 1986, Nathans and colleagues isolated and
sequenced the genes, encoding the human long
wavelength (L), middle wavelength (M) and short
wavelength (S) cone opsins and took the first steps
toward testing the long-held, two-part hypothesis that (1)
variation in the amino acid sequences of the cone opsins
are responsible for the spectral differences among the
photopigments, that all share the same 11-cis-retinal
chromophore, and (2) alterations in the cone opsin genes
underlie inherited color vision deficiencies. Findings
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from these studies confirmed what previous genetic
studies had suggested, and produced several surprises [6].
The incidence of congenital color blindness is
different in various regions of the globe. For instance, 8%
of adult males and 0.4% of adult females are color blind
in western states. The prevalence of CVD is 4–6.5% in
Japan and China, 4% in African countries, 7.3% in
Turkey, and 2.9–11% in Saudi Arabia. Still, the
prevalence of acquired color blindness varies according
to occupation, sex, and age, and has been reported to be
5–20% in different studies [7].
Experiments using gene therapy is an effort to cure
congenital red-green color blindness in nonhuman
primates were performed on adult squirrel monkeys
(Saimiri sciureus). In this species, as in many other New
World primates, there is a single opsin gene on the X
chromosome, but there is allelic diversity at the locus [8].
One allele encodes the equivalent to a human longwavelength (L) opsin; another encodes the equivalent to a
human middle-wavelength (M) opsin, and at least one
allele encodes an opsin that gives rise to a photopigment
that is spectrally intermediate between human L and M
photopigments [9].

2. Material and Methods
This was a cross-sectional study conducted in Koya
city, Hawler province, Kurdistan Region, Iraq. Koya city
is situated northeast of Hawler province and is a city of
coexistence of different cultural groups, religious beliefs,
and factions. In this city, Muslim Kurds, and Christians
are being together. It's population more or less than
113,000. The study had been conducted in four basic
schools that were present in Koya city (Zheen, Zanst,
Nawroz and Najibaxan). All pupils from four schools in
grades 2-7 are included in the survey. Our main outcome
measures were the detection of color vision deficiency,
which was examined by using Pseudoisochromatic
Ishihara color test. It is a fast method of screening color
blinds from normal [10].
a)

The Ishihara book of 24 plates was caught parallel
to the face at a length of 70 or 75cm from the
student, vertical in the line of sight.
b) The test was performed for the enrolled pupils in a
schoolroom, which should be cleared up
sufficiently by daylight.
c) Each plate was awarded to the pupil for three to
five seconds and they were requested to record the
numbers. The student was requested to take the
numbers seen on the test plates 1 to 17.
d) An evaluation of the reading of plates 1 to 15
determines the normality or deficiency of color
vision.
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e)

If 13 or more plates are read precisely, the color
vision considered as normal. If only nine or less
than nine plates are read precisely, the color vision
was considered as red-green deficient.
f) The plates 16 and 17 are used to discriminate
protan and deutan types of color vision deficiency.
g) If the person is unable to read numerals, plates 1824 are used and the winding lines between the two
X’s are drawn. Each tracing should be completed
within ten seconds. In addition to this, other
information is obtained like ethnicity, religion, the
degree of relationship (consanguinity) between
parents.

3. Results and Discussion
Overall of 400 students, including (206) male and
(194) female students, their age ranged between 8-14
years, finished the study. The prevalence rate of the
deficiency in four primary schools is 3.39% in males and
0% in females. The prevalence of CVD in the current
study among males in Zheen School (5.66%) was similar
to the findings observed in India (5.85%) [11]. Almost
similar distribution of prevalence of CVD as compared to
above findings from Zanst school (4.08%). In Najibaxan
and Nawroz primary schools prevalence of CVD among
males is 2% and 1.85% respectively (Table 1).
Ishihara plates can only be used to detect and classify
red-green color vision deficiencies, which are the most
common types of CVD. Ishihara test has a mean
sensitivity of 96% and mean specificity of 98.5%,
revealed good rates [12]. The CVD is inherited as an Xlinked recessive disorder, males are affected more as
compared to females. The females usually act as carriers
[13]. Since CVD is a genetic condition, its occurrence
differs from one geographical area to the other and from
population to population.
Distribution of color blindness among students in
this study, according to the gender, total number of 206
male students examined and color blindness is 7 (3.39%),
total number of 194 female students examined and color
blindness is 0 (0%). From Zheen school total number of
53 male students examined and number of students that
has color blindness is 3 and the average is (5.66%), while
female students have no color blindness 0 (0%). As we
know that male is more affected than female. From Zanst
school the total number of male students examined is 49
and color blindness is 2 (4.08%), in Nawroz school is 1
(1.85%) and in Najibaxan is 1 (2%) (Table 1).
Distribution of students, according to the gender,
types and severity of color blindness in male
deuteranopia is 7 (3.39%), in female is 0 (0%),
protanopia in male is 0 (0%), in female is 0 (0%).
protanomaly in male is 0 (0%) and in female is 0 (0%)
(Table 2).

J. Adv. Lab. Res. Biol. (E-ISSN: 0976-7614) - Volume 10│Issue 2│April 2019

Page | 32

Prevalence of Color blindness among Students

Smail et al

Table 1. Distribution of students, according to the gender of color blindness for each school.
Schools
Zheen
Zanst
Nawroz
Najibaxan
Total

No. of screened students
Male
Female
53
55
49
44
54
50
50
45
206
194

Color blindness n (%)
Male
Female
3(5.66%)
0(0%)
2(4.08%)
0(0%)
1(1.85%)
0(0%)
1(2%)
0(0%)
7(3.39%)
0(0%)

Table 2. Distribution of students, according to the gender, types and severity of color blindness.
Gender
Male
Female
Total

No. of Screened students Color blindness n (%)
206
7(3.39%)
194
0(0%)
400
7(3.39%)

Protanomaly n (%)
0(0%)
0(0%)
0(0%)

Deuteranomaly n (%) Protanopia n (%) Deuteranopia n (%)
0(0%)
0(0%)
7(3.39%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
7(3.39%)

Table 3. Distribution of students, according to the gender and two separate age of color blindness.
Gender
Male
Female

No. of screened students
Age 8-10
Age 11-14
92(44.66%)
114(55.339%)
115(59.278%)
79(40.721%)

Distribution of students, according to the gender and
two separate age of color blindness, in males number of
screened students aged between 8-10 years is 92
(44.66%), and the students that have color blindness is 2
(2.1735%), number of screened male students aged
between 11-14 years is 114 (55.339%), while color
blindness is 5 (4.385%). Number of screened female
students aged between 8-10 years is 115 (59.278%), color
blindness is 0 (0%), female screened students aged
between 11-14 years is 79 (40.721%), color blindness is 0
(0%) (Table 3).
Congenital CVD is a common genetic disorder
affecting many patients worldwide. It’s a hereditary type
recessive X-linked disorder and is, therefore, more
prevalent in men than women [14]. This disease causes a
marked limitation and disability in the patients and
usually affects a considerable percentage of people
depending on the population and its characteristics
[15,16].
The results of our study showed prevalence of male
students aged between 11-14 years is 55.34%, which is
more than male students aged between 8-10 years is
44.66%. The prevalence of female students aged between
8-10 years is 59.28%, which is more than female students
aged between 11-14 years is 40.72%. The prevalence of
color blindness based on the separate school for each
gender in Zheen School is 5.60%, in Zanst is 4.08%, in
Nawroz is 1.85% and in Najibaxan is 2%. While the
prevalence of female from each school is 0%, and the
prevalence of male color blindness in Zheen School is
more than other schools, it has 3 (5.66%) color blind
students. The prevalence of color blindness in all schools
for each gender, the total of male color blindness is
3.39%, female color blindness is 0%, male color
blindness is higher than female because male is more
affected.
Prevalence of color blindness based on the severity
of each gender, male students that have severity of

Color blindness n (%)
Age 8-10
Age 11-14
2(2.1735%)
5(4.385%)
0(0%)
0(0%)

deuteranopia is 3.39% and in female is 0%, male
deuteranomaly is 0% and in female is 0%, male
protanopia is 0% and in female is 0%, male protanomaly
is 0% and in female is 0%. Because all students that were
having color blindness, they were having severity of
deuteranopia. Prevalence of color blindness based on the
different ages for each gender, male students have color
blindness aged between 8-10 years is 2.17%, in female is
0%, male students have color blindness aged between 1114 years is 4.39%, in female is 0%. A strong point of our
study is its large sample size as we evaluated exactly 400
people.
Therefore, our results are valid and have high
generalizability. Moreover, our samples made it possible
to include all age groups from 8-14 years into the study to
assess the relationship between age and the prevalence of
CVD, which has been evaluated in a few studies.
The type of CVD depends on whether it is congenital
or acquired. Red-green deficiency is more common in
patients with congenital CVD, and yellow-blue
deficiency is more common in patients with acquired
CVD. In our study, deuteranopia was the most common
type of CVD with a prevalence of 3.39%. The association
between age and CVD was another finding of our study.
The odds of having CVD were lower in male color blind
from 8-10 years (2.17%) and higher in 11-14 (4.39%)
year age groups. A limitation of this study is the lack of
differentiation between acquired and congenital CVD,
which may itself explain some differences with the
results of previous studies.
Some studies only reported the prevalence of
congenital CVD and reported the prevalence of acquired
and congenital CVD separately, which could lead to
different results. There may be two reasons for the
difference. The first is the test that was used to assess
color vision. Most studies used the Ishihara's test, but the
researchers used Farnsworth D-15 tests their results were
similar to our study. The second reason which is more
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important may be lack of differentiation between
congenital and acquired cases, causing overestimation in
the prevalence of CVD [17]. In conclusion, the
prevalence of CVD was high in Zheen School, especially
in males and students over 11-14 years of age.
In Kurdistan region different research showed
different results to determine prevalence and incidence of
color blindness, The incidence of color blindness varies
from race to race and in different geographical area.
Since there is no such report about the prevalence of
color blindness in the Kurdistan region (North of Iraq),
earlier work had been conducted to find out the incidence
of color blindness among preliminary, secondary and
college students of Erbil city, Kurdistan region – Iraq.
Participant’s (n=1856, 1275 males, 581 females, age
group 7 to 25 years) color vision was tested by using
Ishihara chart [18].
On the other hands, other researches conclude that
the prevalence of Color Vision Deficiency in Shekhan
city was 6.36% among males and 0.84% among females.
The most common types of Color Vision Deficiency
among males were deuteranomaly (10 cases),
protanomaly (5 cases), deuteranopia (2 cases) and
protanopia (1 case) [1].

4. Conclusions and Recommendation
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[5].

[6].
[7].

[8].

[9].

[10].
[11].

In this study, the following is concluded:
a.
b.
c.

Color blindness is different between students from
each school.
From all schools can't find the prevalence of
female color blindness.
Color blindness affects males more than females.

And following are our recommendations for future
research:
a.
b.
c.

Determine prevalence of color blindness from
different schools in Koya city based on ethnicity.
Sequencing of genes which are responsible for the
color blindness in both genders.
Using other tests instead of Ishihara plate test to
find color blindness.

[12].

[13].
[14].
[15].

[16].
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