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Abstract

Background: Nowadays, widespread usage of colours increases the need for accurate estimation of colour vision defects
and their effect on performing daily activities and study/work tasks.

Aims: To determine the prevalence and predictors of colour vision defects among Assiut university students and to iden-
tify their relationship with self-reported visual function and perceived difficulties in performing daily activities.

Methods: A cross-sectional study was conducted among 1426 students at Assiut University, Egypt. Data were collected
by self-administered questionnaire consisting of: personal characteristics, prior awareness of colour vision defects, dif-
ficulties in daily colour vision activities, and visual function. Colour vision was assessed using Ishihara’s test of colour
deficiency.

Results: The prevalence of colour vision defects among students was 6.9% (red-green colour vision was 4.3% and total
colour blindness was 2.6%). Students with colour vision defects had significantly higher odds ratios for difficulties in daily
activities and study/work tasks related to colour perception. Students with colour vision defects had significantly lower
mean values of general health, role difficulties, and colour vision scores compared to students with normal colour insight.
Male sex and family history of colour vision defects were risk factors.

Conclusions: A non-negligible percentage of Egyptian university students had colour vision defects, which had a nega-
tive impact on performing daily activities, executing study/work tasks, and choice of study/work specialties. Colour vision
defects affected quality of life with regard to general health, role difficulties and colour vision. Male sex and family history
of colour vision defects are nonmodifiable risk factors. This emphasizes the need for genetic counselling, especially in
consanguineous marriage.
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Use of colour vision is a basic requirement in
activities of daily living such as clothing, work, cooking
and driving (8). CVDs can significantly negatively affect
quality of life, studying and occupation, and can increase

Introduction

Colour blindness or colour vision deficiency is the ina-
bility or decreased ability to perceive colour differences
under normal lighting conditions. It is one of the com-

monest disorders of vision and divided into congenital
and acquired forms (1,2). Congenital colour vision defects
(CVDs) are the most common X-linked genetic disorder
in humans. CVDs are more frequent in men, and the
colour-deficient person can miss one or more pigments.
Colour confusions are mainly between red, yellow and
green hues and between blue-greens and greys. Red-
green CVD is the most common form of colour vision
deficiency (3-5). Acquired CVDs reflect a problem that
occurs anywhere along the visual pathway from the pho-
toreceptors to the visual cortex (5).

Reported prevalence of CVDs varies from 1.6% to
13.99% among different countries (6,7). This variation
could be attributed to the precision of the conducted
survey, population criteria and marriage restriction
between individuals who share a common ancestor due
to geographical isolation or religious belief (4).

the risk of road traffic accidents (9-13). People with CVDs
are at a distinct disadvantage when performing certain
visual activities, and they might also be excluded from
pursuing particular occupations (1).

The main risk factors for CVDs include positive family
history for CVDs, male sex (14,15), and consanguineous
marriage (14). In Egypt, there have been few large-scale
studies on prevalence rates of CVDs. A study conducted
among 267 student volunteers in Menofia University
Campus reported that the prevalence of red-green
CVD was 8.75% (5). The present study aimed to identify
the prevalence and predictors of CVDs among Assiut
University students, as well as the relationship between
CVDs and self-reported visual function and perceived
difficulties in performing daily activities of study and
work.
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Methods
Study site and design

This cross-sectional study was conducted in Assiut
University, which is located in the capital city of Asyut
Governorate. It is the largest university in Upper Egypt
with educational capacity for nearly 70 ooo undergrad-
uate students.

Study population and sampling method

The studied population was 1426 randomly selected stu-
dents. The sample size was calculated using Epi-Info sta-
tistical package version 7. The sample size was estimated
for population survey with the following parameters: ex-
pected frequency 2.3% (13); an acceptable margin of error
of 1.15 (16); confidence level of 95%, and design effect 2.
The researcher used design effect 2 to increase precision
of having a representative sample of the studied popula-
tion. It was used to compensate for applying a multistage
sampling technique instead of a simple random sample.
The minimum required estimated sample size was 1304
subjects, which was raised to 1434 subjects to avoid drop-
out and nonrespondents. Eight subjects were excluded
from the analysis due to missing data in their completed
questionnaires.

Data were collected from October 2018 to March
2019. A multistage sampling technique was used for
recruitment. First, a proportionate sampling technique
was used to choose the faculties, including the number
of students in each faculty. Six faculties were chosen:
Engineering, Commerce, Law, Nursing, Dentistry and
Art. Second, a simple random sampling method was used
to choose the classes/sections in each faculty. From the
selected classes/sections, we recruited all students who
agreed to participate in the study on the survey day.

Two tools were used as follows: A self-administered
questionnaire that divided into four sections 1- Personal
characteristics included: age; sex; parents’ consanguinity;
family history of CVDs; self-reported presence of
refractive error and its type; and presence of chronic
disease (17). 2- Self-reported presence of CVDs includes
whether the subjects thought that they had defective or
normal colour vision (prior awareness of CVD). Those
who were aware of their CVD were asked about the timing
of their first awareness of their defect and how they
recognized it (18). 3- Difficulties associated with CVDs
with regard to the activities related to daily life, studying
or work (9,10,13,18). 4- Visual Function Questionnaire
(VFQ) version 2000 was created by RAND under the
sponsorship of the National American Eye Institute
to measure self-reported influence of visual disability
and visual symptoms on domains of general health and
tasks related to daily visual functioning. It comprises 25
questions include one general health question and 11
vision-targeted constructs: global vision rating; difficulty
with near vision activities; difficulty with distance vision
activities; limitations in social functioning due to vision;
role limitations due to vision; dependency on others

due to vision; mental health symptoms due to vision;
driving difficulties; limitations with peripheral vision;
limitations with colour vision; and ocular pain. The
researchers translated the English version into Arabic,
which was revised by a linguistic consultant. Scoring,
recoding and averaging of items to create subscales were
conducted in accordance with the manual (19).

Assessment of colour vision: each student was
assessed individually, both eyes at the same time, under
good daylight using Ishihara’s test of colour deficiency
(24-plate edition). The plates were placed nearly 75 cm
from the subjects and tilted so that the papers’ plane
was at right angles to the line of vision. The subjects
were asked to read their impressions on the test plates.
Differentiation of colour vision into either normal or
defective (red, green or total colour blindness) was
determined based on the standard guide provided with
the chart.

Ethical considerations

The present study was reviewed and approved by the
Nursing Ethical Review Committee of Assiut University.
The ethical considerations included obtaining written
informed consent, voluntary participation, and mainte-
nance of students’ privacy and confidentiality. The study
was conducted in adherence with the guidelines of the
Declaration of Helsinki.

Statistical analysis

Statistical analysis was done using SPSS version 16. Qual-
itative data are presented as frequencies and percentages
while mean and standard deviation are used to express
quantitative data. The reliability of VFQ was calculated
and Cronbach’s a coefficient for the scale was 0.905. Af-
ter testing data normality, the Mann-Whitney test was
performed to illustrate the difference between subjects
with CVDs and normal visual function. Univariate logis-
tic regression analysis was performed to identify per-
ceived difficulties of daily activities as dependent varia-
bles (some difficulty/no difficulty) and CVD (yes/no) as
an explanatory variable. Univariate and multivariable
logistic regression models were applied to identify the
predictors of CVDs; CVD as a dependent variable (yes/no)
and the explanatory variables were sex, parents’ consan-
guinity, presence of positive family history, self-reported
presence of chronic disease, and refractive error. The sig-
nificance level was considered to be P < 0.05. Graphs were
drawn using Microsoft Excel 2016.

Results

Personal characteristics, correct definition of
CVD, and experience with testing colour insight

Students’ age ranged from 17 to 25 years, with a mean
value of 20.35 (1.5) years (Table 1). There were 840 (58.9%)
female students and parents’ consanguinity was
reported by 35.3% of participants. About 9% of students
mentioned a positive family history of CVDs and about
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10% had a chronic disease. About one quarter reported
having refractive error and myopia was the commonest
type. Only 2.7% correctly defined CVD. Twenty percent
previously performed a colour blindness test and 63.6%
performed it on entering university.

Table 1 Personal characteristics, correct definition of CVD,
and experience with CVD testing among Assiut University
students in 2018

Variable Frequency Percent
(n =1426) (%)
Age (years)
Mean (SD) (range) 20.35 (1.5) (17-25) years
Sex
Male 586 411
Female 840 58.9
Consanguinity between mother and
father
Yes 503 353
No 923 64.7
Family history of CVD
Yes 127 8.9
No 850 59.6
Don'’t know 449 315
Self-reported presence of chronic disease
Yes 140 9.8
No 1286 90.2
Undergo previous eye surgery
Yes 54 3.8
No 1372 96.2
Self-reported presence of refractive error
Yes 344 24.1
No 1082 759
Type of refractive error (n = 344)
Myopia 259 753
Hyperopia 47 13.7
Astigmatism 27 7.8
Myopia and astigmatism 1 3.2
Definition of CVD
Correct answer 38 2.7
Wrong answer 168 1.8
Don'’t know 1220 85.5

Previous colour blindness test

Yes 283 19.8
No 1041 73.0
Don’t know 102 7.2

When test performed (n = 283)

Entering school 39 13.8
Entering university 180 63.6
Military faculty examination 56 19.8

At entering university and military
faculty examination 8 2.8

CVD = colour vision defect.

Prevalence of CVDs and prior awareness of
having abnormal colour vision

Figure 1 portrays the prevalence of CVDs among 1426 stu-
dents. Combined types of CVDs were seen in 99 students
(6.9%), among whom, 4.3% had red-green colour blind-
ness and 2.6% had total colour blindness. Higher pro-
portions of red-green colour blindness (7.7%) and total
colour blindness (5.5%) were detected among male than
female students (1.9% and 0.7%, respectively).

Among the 99 students with CVDs, 65 (65:7%) were
unaware of having abnormal colour vision, while 34
(34.3%) were aware of having CVD before the survey. Prior
awareness included perception of difficulties in daily
activities related to colour (n = 20, 58.8%), previous colour
blindness test (n = 8, 23.5%) and having another family
member with a CVD (n = 6, 17.6%). Five students (14.7%)
recognized their CVD at the primary school stage, 18
(52.9%) at the preparatory/secondary stage and 11 (32.4%)
at university stage.

CVDs and perceived difficulties of colour-
related daily activities

Among 99 CVD subjects, the number who perceived dif-
ficulties in daily activities based on colours was: choice
of clothing colours (n = 27, 27.3%); distinguishing the col-
ours of tools used during hobbies and craft work (n =18,
18.2%); identification of flowers and plants (n = 11, 11.1%);
and determining the ripeness of fruit and vegetables
(n = 9, 9.1%) and whether meat is cooked (n = 23, 23.2%).
The number of CVD subjects who reported difficulties
with other activities were: satisfactory adjustment of TV
colour (n = 17,17.2%); recognizing skin conditions such as
rash (n = 20, 20.2%); taking the wrong medication (n = 18,
18.2%); and participation in or watching sports activities
because of sport shirt colours (n = 15, 15.2%).

For work/study tasks, the number of those who
reported that CVD had a negative effect on choice of
study field/work; was 15 (15.2%) reported exclusion from
work/study due to problems with distinguishing colours;
23 (23.2%) reported having colour difficulties in their daily
work/study activities; 20 (20.2%) reported having colour
difficulties in their previous work/study activities; and 27
(27.3%) reported difficulties working on computers.

Table 2 shows the perceived difficulties in daily
activities and work/study tasks related to colour insight.
Compared to students with normal colour vision,
students with CVDs had significantly higher odds
ratios (ORs) for having difficulties in daily activities
and work/study tasks related to colour perception. For
example, choosing clothes or wall colours (OR = 2.89),
recognizing abnormal skin rash (OR = 2.05), taking the
wrong medication (OR = 3.46), and choice of study/work
field (OR = 2.78). However, no significant differences in
the perceived difficulties related to colour vision were
detected between students with CVDs and normal
colour vision with regard to adjustment of colours on
television (OR =1.47) or determining ripening of fruit and
vegetables (OR = 0.84).
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Figure 1 Prevalence of colour vision defects among 1426 Assiut University students in 2018
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CVDs in relation to self-perception of visual
function

Table 3 shows the association of CVDs with measured
VFQ items. Students with CVDs had significantly low-
er mean values for general health, role difficulties, and
colour vision scores compared to students with normal
colour vision (P < 0.05). No significant associations were
detected between CVDs and other items of visual func-
tion perception.

Predictors of CVDs

Table 4 shows that male students had significantly high-
er susceptibility for CVDs compared to female students
(OR = 6.55). Those with a positive family history of CVDs

Female Total

Complete color blindness

had significantly higher odds of having defective colour
vision (OR = 8.48). Parents’ consanguinity and self-re-
porting presence of chronic disease or refractive error
were not significant predictors of CVDs.

Discussion

There have been few studies of colour blindness in Egypt,
and the present study is the first to identify the predic-
tors of CVDs in young people in Egypt. It also explored
the relationship between self-reported visual function
and perceived difficulties in performing daily activities
and study/work tasks among Assiut University students
in Upper Egypt. The prevalence of CVDs among students
was 6.9%: red-green colour blindness was 4.3% and com-

Table 2 Perceived difficulties of daily activities and study/work tasks related to CVD among 1426 Assiut University students in

2018

Difficulties of daily activities and study/work tasks

Choosing the colours of clothes, accessories, cars , wall paint, furniture
and cosmetics

Distinguishing the colours of wires, threads, tools, wool, paints and
other things during hobbies and crafts work

Identification of flowers and plants based on their colours

Determining the ripening of fruit and vegetables based on their colours

Determining if meat is cooked based on its colour

Satisfactory adjustment of TV colour balance

Recognizing skin conditions such as rash and sunburn

Taking the wrong medication because of difficulties with their colours

Participation in or watching of sports activities because of sport shirt
colours

Choosing of study field/work affected by colour vision

Exclusion from work/study due to problems with distinguishing
colours

Having colour difficulties in daily work/study activities?
Having colour difficulties in previous work/study activities?

Work on computer

Odds ratio 95% confidence P
interval
2.89 1.81-4.65 <0.001
2.58 1.49-4.47 0.001
2.68 1.36-5.29 0.004
0.84 0.41-1.72 0.84
1.86 1.14-3.05 0.013
1.47 0.85-2.54 0.168
2.05 1.21-3.44 0.007
3.46 1.98-6.055 < 0.001
3.21 1.76-5.84 < 0.001
2.78 1.53-5.04 0.001
4.88 2.71-8.80 < 0.001
4.84 2.88-8.14 < 0.001
4.16 2.42-7.16 < 0.001
2.60 1.62-4.17 < 0.001

Univariate regression analysis; difficulties in daily activities and study/work tasks (dependent variable), CVD (explanatory variable).

CVD = colour vision defect.
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Table 3 Relation of CVD with perception of visual function among 1426 Assiut University students in 2018

Variables CVD
(n = 99) mean (SD)
General health 57.82 (29.59)
General vision 80.60 (17.25)
Ocular pain 78.28 (21.93)
Near activities 88.67 (15.14)
Distant activities 88.72 (14.54)
Vision specific
Social functioning 89.52 (16.43)
Mental health 82.32 (19.23)
Role difficulties 78.40 (26.11)
Dependency 89.98 (19.12)
Driving 82.73 (20.52)
Color vision 86.22 (21.57)
Peripheral vision 00.15 (17.06)

Normal colour perception P*
(n=1327) mean (SD)

65.32 (26.81) 0.015
78.70 (23.61) 0.91
82.23 (20.96) 0.05
890.86 (15.29) 0.40
89.05 (15.88) 0.49
01.21 (16.48) 0.13
85.34 (17.61) 0.169
83.24 (25.51) 0.039
92.89 (17.08) 0.205
85.91 (18.87) 0.249
01.34 (18.64) 0.003
90.20 (18.96) 0.64

“Mann-Whitney U test. CVD = colour vision defect.

plete color blindness was 2.6%. A higher prevalence of
CVDs was found among male students (red-green col-
our blindness was 7.7% and total colour blindness was
5.5%) compared to female students (1.9% red-green col-
our blindness and 0.7% total colour blindness). The high-
er prevalence observed among male students was mainly
due to the X-linked recessive inheritance of CVDs (1).

Similar prevalence rates of CVDs (8.75%) were
reported by an Egyptian study conducted in Menofia
University Campus (5) and in a Turkish survey (7.33%) on
941 young healthy men (20). An Iraqi study in Erbil City,
Kurdistan Region, among 1856 preliminary, secondary
and college students found a prevalence of red-green
colour blindness of 6.25% (8.47% among male and 1.37%
among female students) (21). A study in Northern India
among 1028 children found that the prevalence of CVDs
ranged from 5.26% to 11.36% among boys and 0- 3.03%
among girls (2). Another Indian cross-sectional study
among Muslims in Manipur found that the prevalence
of red-green colour blindness was 5.28% (8.73% in male
and 1.69% in female participants) (17).

However, different results were observed in some
other studies. A higher prevalence of CVDs was reported
in an Iranian population-based study conducted among

3132 participants in Mashhad (13.93% in the total
study population; 15.85% in male and 12.96% in female
participants) (7). The prevalence of CVDs among male
secondary school students in Jizan City, Saudi Arabia
was 21.3% (14). The difference might be explained by
the inclusion of a wider age range, racial differences
or higher rate of parents’ consanguinity. Other studies
have reported lower prevalence rates. A study conducted
among 1305 public school children in Durban, South
Africa, found a prevalence of CVDs of 2.2% (4.2% in boys
and 0.6% in girls) (22). A study conducted among 1635
Nigerian students from public secondary school found
that the prevalence of CVDs was 2.3% (3.8% among boys
and 0.9% among girls) (13). A Jordanian study conducted
among 1418 university students from Zarka Private
University and the Hashemite University reported a
prevalence of red-green colour blindness of 1.6% (8.72%
among men and 0.33% among women) (6).

A lower prevalence of CVDs was observed among
students who enrolled in practical faculties, especially
medical education. For example, among medical students
in Nepal, prevalence of CVDs was 5.6% (23). Prevalence
of CVD was 1.6% among 303 first-cycle students of the
Faculty of Medicine and Biomedical Sciences of the

Table 4 Risk factors for CVD among 1426 Assiut University students in 2018

Risk factors Unadjusted
(023 95% CI
Male sex 5.63 3.46-9.15
Family history of CVD (Yes) 7.34 4.62-11.67
Parent consanguinity (Yes) 151 1.0-2.29
Presence of chronic disease (Yes) 2.03 117-3.53
Refractive error (Yes) 1.33 0.85-2.09

Adjusted
P OR 95% CI P
<0.001 6.55 3.92-10.94 <0.001
< 0.001 8.48 4.98-14.45 < 0.001
0.049 0.91 0.57-1.46 0.706
0.012 144 0.75-2.76 0.275
0.214 133 0.80-2.23 0.274

Unadjusted and adjusted regression models of CVD: dependent variable was CVD, reference categories for explanatory variables were; female sex, family history (no), parents’ consanguinity (no),

presence of chronic disease (no), and presence of refractive error (no).
CI = confidence interval; CVD = colour vision defect; OR = odds ratio.
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University of Yaoundé, Cameroon (24). CVD prevalence
was 177% among 1126 preparatory students (3.5% among
men and 0.5% among women) who subsequently join
Saudi colleges of medicine, dentistry, applied medical
sciences, nursing, and clinical pharmacy (15). This might
be explained by the presence of strict health prerequisites
for practical faculties and students’ awareness of their
CVDs that limited their opportunity or willingness to
join medical, paramedical and nursing faculties.

Difficulties have been reported among people with
CVDs in performing everyday tasks such as hobbies,
plant/flower identification, ripeness of fruits and
vegetables, and taking the wrong medication (9,13,18,22).
Moreover, they reported that it could affect their choice
of and exclusion from certain occupations or study fields.
Similarly, in the present study, students with CVDs had
significantly higher odds of having difficulties related to
colour perception in daily activities and work/study tasks
compared to students with normal colour vision.

No previous studies have explored the relationship
of CVDs with the VFQ. In the current study, CVDs had
a limited effect on quality of life with regard to vision.
Students with CVDs had a significantly worse perception
of general health, role difficulties, and colour vision
compared to students with normal colour vision. In
contrast, no significant differences were detected in
other domains of the VFQ, such as difficulty with near/
distance vision activities, social functioning limitations,
dependency on others, mental health symptoms, driving
difficulties, limitations with peripheral vision, and
ocular pain. These domains were reported to be affected
by disorders related to visual acuity, cataract, nuclear
opacity and optic neuritis (25-27).

In the current study, male students and students
with a positive family history of CVDs had significantly
higher susceptibility for CVDs. Consistent with these
results, a study done in Jizan City, Saudi Arabia revealed
that CVDs were significantly associated with positive
family history (14). Another Saudi study, in Makkah,
found that male sex and positive family history of CVDs
were significant predictors for CVDs (15). Positive family

history seems closely associated with high consanguinity
in populations carrying the genes responsible for the
CVDs in the family. Adjusted regression in the current
study showed that parents’ consanguinity was not a risk
factor for CVDs. Variations in the association of CVDs
with parents’ consanguinity were reported in the Saudi
studies (14,15).

Self-reporting the presence of refractive error was
not a risk factor for CVDs in the present study. These
results were consistent with a study conducted among
preparatory Saudi university students at Makkah, where
CVDs were not significantly associated with other visual
defects (15).

Conclusions and recommendations

We found that a non-negligible percentage of Egyptian
university students had CVDs, especially among male
students, and a large proportion were unaware of their
CVD. The study provides a snapshot of CVDs among
Egyptian students. However, it is of limited value as it re-
flects the size of the problem only among university stu-
dents. Alarge, representative study of young people (both
students and non-students) in different Egyptian regions
is recommended to determine the prevalence of CVDs
throughout Egypt. In this study, CVD had a negative im-
pacton performing daily activities, executing study/work
tasks, and choice of study/work specialties. Moreover, it
affected the quality of life with regard to general health,
role difficulties and colour vision. Male sex and having a
positive CVD family history increased the risk of CVDs.
Unfortunately, sex and positive family history are non-
modifiable risk factors for CVDs. It is recommended that
those who have a positive family history of CVDs ask for
genetic counselling, especially in consanguineous mar-
riage. Moreover, studies should be performed to mitigate
the difficulties perceived by people with CVD subjects in
colour-vision activities.
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Prévalence et facteurs prédictifs des anomalies de la vision des couleurs chez les

étudiants égyptiens
Résumé

Contexte : Actuellement, 'utilisation généralisée des couleurs augmente la nécessité d'une estimation précise des
anomalies de la vision des couleurs et de leurs effets sur l'exécution des activités quotidiennes ainsi que sur les
taches d'étude/de travail.

Objectifs : Déterminer la prévalence et les facteurs prédictifs des anomalies de la vision des couleurs chez les
étudiants de 1'Université d'Assiout et identifier leur relation avec la fonction visuelle autodéclarée et les difficultés
percues dans l'exécution des activités quotidiennes.

Méthodes: Une étude transversale a été menée auprés de 1426 étudiants de 1'Université d'Assiout (Egypte).
Les données ont été recueillies au moyen dun questionnaire auto-administré portant sur les caractéristiques
personnelles, la connaissance préalable des anomalies de la vision des couleurs, les difficultés au niveau des activités
quotidiennes liées a la vision des couleurs et la fonction visuelle. La vision des couleurs a été évaluée a l'aide du test
d’Ishihara sur la déficience dans la perception des couleurs.
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Résultats: La prévalence des anomalies de la vision des couleurs chez les étudiants était de 6,9 % (anomalies de la
vision des couleurs de type rouge-vert 4,3 % et daltonisme total 2,6 %). Les étudiants ayant des anomalies de la vision
des couleurs avaient des odds ratios significativement plus élevés pour les difficultés liées a 'exécution des activités
quotidiennes et des taches d'étude/de travail liées a la perception des couleurs. Ceux qui avaient des anomalies de
la vision des couleurs présentaient des valeurs moyennes significativement plus faibles pour la santé générale, les
difficultés liées au role et les scores de vision des couleurs par rapport aux étudiants ayant une perception normale
des couleurs. Le sexe masculin et les antécédents familiaux d’anomalies de la vision des couleurs constituaient des
facteurs de risque de ces dernieres.

Conclusions : Un pourcentage non négligeable d'étudiants universitaires égyptiens présentaient des anomalies de la
vision des couleurs. Ces anomalies avaient un impact négatif sur I'exécution des activités quotidiennes, des taches
d'étude/de travail ainsi que sur le choix des spécialités. Elles affectent la qualité de vie pour ce qui concerne la santé
générale, les difficultés liées au role et la perception de la vision. Le sexe masculin et les antécédents familiaux des
anomalies de la vision des couleurs sont des facteurs de risque non modifiables de ces derniéres. Cela souligne la
nécessité du conseil génétique, en particulier dans le cas des mariages consanguins.
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