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ABSTRACT

Introduction: X-linked recessive hereditary disorders is the main cause of colour vision deficiency (CVD). The
prevalence of CVD varies from race to race. This study was conducted to determine the prevalence
of CVD among 10-tol6-year-old school children in Galle educational zone, Sri Lanka.

Methods: A total of 566 students (males = 260) were examined with Ishihara pseudo-isochromatic
colour plates. The parental questionnaire was used to obtain a family history of CVD, the ability of the child
to select coloured objects and past medical history. Both parents and children were subjected to the same
questions separately on their ability to differentiate coloured objects during activities of day-to-day life.
Parents reported difficulties and child reported difficulties in colour perception were compared with 32 healthy
age matched controls who were selected from the same school of the respective CVD patients.

Results: The overall prevalence of CVD was 1.4% with a prevalence of 3.1% for males. Patients were
detected in all three main ethnic groups of Sri Lanka (Six Sinhala, one Tamil and one Muslim boy). All
affected children had negative histories of previous systemic and ocular disease or chronic use of
medications. The visual acuity and the ocular fundi were normal in all affected children. Seven (1.23%)
had deuteranomaly, while one (0.17%) had protanomaly. Seventy five percent (06) of the parents of affected
children were unaware of their child's defect, while only one reported a positive family history. Parental
reporting of difficulties in selecting coloured objects in the child's day-to-day activities was not significantly
associated with the defect (p>0.05). Children with CVD had reported difficulties in identifying colour objects
in television/computer programmes and separation of cooked from uncooked food (p<0.05). Fifty percent of
the affected children were intimidated by their friends for their difficulties.

Conclusions: CVD is not uncommon in the Galle education zone, Sri Lanka. The affected children face
difficulties in their day-to-day life due to their defects.

Key words: Colour blindness, Colour vision deficiency, Ishihara pseudo-isochromatic colour plates,
Sri Lanka.
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Introduction

In various stages of human evolution, colour
perception has played a vital role in survival.
In primitive African tribes, difficulties in colour
identification were a disadvantage for hunters
and deprived their ability to identified poisonous
fruits (1, 2). In the modern world, colour perception
may not play a significant role in survival. However,
colour perception affects various aspects of life,
from childhood to adulthood. The implications of
colour perception extend across sports, driving,
educational activities, occupation, and personal
safety. A survey of dictionaries of the languages
spoken by the populations for which red-green
CVD data are available confirmed that distinct
words for “blue” are also rare near the equator and
more common at higher latitudes (3). This signifies
the evolutionary, physiological pressure of CVD
inregional languages and literature.

The inability to perceive specific colours in their
pure or ‘natural’ form is defined as colour vision
deficiency (CVD) or rather loosely as colour
blindness. In 1794, English chemist John Dalton
presented a paper on colour vision deficiency titled
“Extraordinary Facts Relating to the Vision of
Colors”, which described his problems in identifying
colours (4). The condition became more widely
known after a fatal train crash in Sweden in 1875
that is believed to have been partly caused by the
driver’s colour vision deficiency (5).

X-linked recessive hereditary disorder is the main
cause of CVD resulting in defective development
of one or more of the three sets of the cone cells
which sense colour. Female carriers or male sufferers
are not generally prevented from reproduction.
Therefore, evolutionary pressure against the gene
is very slight. Contemporary society presents them
with increasing problems because the colour is
now so widely used in the modern world. All
people with abnormal colour vision, except for a
few mildly affected deuteranomaly, report that
they experience problems with perceiving colour in
everyday life, educational activities and occupation
(6, 7). CVD is considered as a handicap for certain
occupations, including the practice of medicine (8).
Acquired CVD is reported as side effects of drugs
and as a complication of diseases (9).
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The prevalence of CVD is approximately 8% in
white men and 0.7% in white women (10). Most
individuals with congenital CVD have the defective
perception of red and green (10). CVD prevalence
in Asian and African countries are lower than
that in the west (10). However, there are no large
scale studies in Sri Lanka except a few on selected
groups (11, 12).

The main objective of the study was to determine
the prevalence of CVD in school children of 10-16
year age group in the Galle education zone, Sri
Lanka and to determine the effects of colour vision
deficiency on education and day-to-day life.

Methods

The study was conducted among school children
aged between 10-16 years in two randomly selected
schools in the Galle education zone.

The sample size for the study was calculated
according to the Lowanga and Lemeshow formula
(Lowanga and Lameshow 1991). The minimum
required sample size for the study was obtained
using single proportion formula by taking the
prevalence of CVD as 2.5% from a previous study
based on university students in Sri Lanka (10).

The estimated sample size was 149. However,
considering the low prevalence of CVD in Asian
countries, it was decided to recruit a minimum of
500 children.

Before undertaking a colour vision test, all children
underwent visual acuity test and ophthalmoscope
examination of the ocular fundus was done by
medical officer trained in ophthalmic procedures
and a visual acuity of 6/6 in both eyes was
considered as the normal. The test was conducted
using Snellen tumbling ‘E’ chart at 6 m from the
observer under monocular viewing during daylight
hours. The right eye was tested first, and then the
left one followed. The children with refractive
errors were excluded from the study. Written
informed consent from parents and assent from
children were obtained to participate in the study.

Abrief questionnaire was used on parents of children
were selected for the study to obtain basic details
on ability of their child to select coloured objects,
family history of CVD and past medical history.
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Both parents and children were subjected to the
same questions separately on their ability to
differentiate coloured objects during activities of
day-to-day life (Table 2). The parent reported
and child reported difficulties were compared.

Their colour vision was checked by using Ishihara
pseudo-isochromatic colour plates (36 colour
plates). The child was instructed to read the
numerals in Ishihara pseudo-isochromatic colour
plates within three seconds. The plates were held
at a distance of 75 cm perpendicular to the line of
sight under daylight illumination. The Ishihara
test (36-plate version) was considered passed if
the first 15 plates were identified without an error,
uncertainty or hesitation spending less than 3
seconds per plate. Individual errors on three or
more of the numeral plates were considered as
CVD. Failure to see the red numeral was indicated
the Protan and failure to see the red-purple numeral
was indicated the Deutan in plates 22-25.

Parents reported difficulties and child reported
difficulties in colour perception were compared
with 32 healthy age matched controls who were
selected from the same school of the respective
CVD patients.

The ethical clearance for the study was obtained
from the Ethics Review Committee of the Faculty
of Medicine, University of Ruhuna.

Results

A total of 566 students (260 males) whose visual
acuity and ocular fundus were normal were
recruited for the study. The overall prevalence of
CVD was 1.4% with a prevalence of 3.1% for
males (Table 01). Six Sinhala, one Tamil and one
Muslim boy had CVD. All affected children had
negative histories for previous systemic and
ocular diseases or chronic use of medications.
Seven (1.23%) had deuteranomaly, while one
(0.17%) had protanomaly.

When compared with healthy children, children
with CVD had reported a significant difference
in ability to separate cooked from uncooked food
and identifying colours in T.V./computer colour
setting (Table 2).

Seventy five percent (06) of the parents of the
affected children were unaware of their child’s
defect, while one reported a positive family history.
There was no significant difference in parental
reporting of difficulties in selecting coloured
objects in the child’s day-to-day activities between
the two groups (p>0.05) (Table 3).

Table 1: Comparison of the distribution of CVD with the different Asian population

Country Sample Noof Noof CVD Prevalence of CVD type in males
size males  males CVD Protanomaly Deuteranomaly
Current study 566 260 08 Males = 3.1% 2.69% 0.38%
Female = 0.0%
Indian 1028 545 41 Male=  7.52% 1.1% 3.67%
(13) Female = 0.83%
Tibetans 2010 1210 51 Male= 4.2% 19.6% 43.13%
(14) Female = 0.0%
Nepalese 964 474 18 Male= 3.9% 17% 33%
(15) Female = 0.0%
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Table 2: Difficulties in identifying coloured objects reported by children

Activity in everyday life affected due to inability

% of CVD with % of normal p*

of identification of colour difficulties with difficulties
(n=8) (n=32)

Q1. Cloth colour 12.5% 3.1% 0.364
Q2. Natural colour 12.5 0 0.200
Q3. Colour difference of cooked and uncooked food 50% 0.00% 0.001
Q4. Colour in sports activities 25% 6.3% 0.960
Q5. TV / computer colour setting 50% 15.6% 0.015
Q6. Skin colour 0 3.1% 0.800
Q7. Coloured chart 12.5% 0 0.200
Q8. Colours used in hobbies 12.5% 3.1% 0.364
Q9. Bullied due to difficulties in colour identification 50% 0 0.001

* Fisher’s exact test

Table 3: Difficulties in identifying coloured objects reported by parents

Activity in everyday life affected due to inability

% of CVD with % of normal p*

of identification of colour difficulties with difficulties

(n=8) (n=32)
Q1. Cloth colour 0 3.1 0.793
Q2. Natural colour 0 3.1 0.793
Q3. Colour difference of cooked and uncooked food 37.5 9.8 0.082
Q4. Colour in sports activities 12.5 3.1 0.364
Q5. Skin colour 0 6.3 0.623

* Fisher’s exact test

Discussion

This population-based, cross-sectional study has
reported the overall prevalence of CVD as 1.4%
(8 boys) with the prevalence of 3.1% for males in
the selected sample of school children in Galle
district, Sri Lanka among the 10-16 year age group.
Seven males (1.23%) had deuteranomaly, while
one male (0.17%) had protanomaly. CVD patients
have reported difficulties in some day-to-day
activities and colour discrimination.

Geographical variations in CVD distributions
emphasized the importance of determining the
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prevalence of CVD in the country. A geographical
review of the published literature confirmed that
red-green CVD is rare near the equator and more
prevalent at higher latitudes (10). In northern
Europe, a reasonable consensus figure for all forms
of CVD is about 8%in males (10), whereas the
prevalence is nearer to 2% among Blacks,
Aboriginal Australians, and Native Americans (10).
To our knowledge, no previous population-
based, cross-sectional study has investigated the
prevalence of CVD in the Sri Lankan population.
The overall prevalence and the male prevalence
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in our study are similar to the previous two studies
done among Sri Lankan university students (11, 12).
However, congenital CVD is a common condition
in Western countries which affected 8% of males
and 0.4% of females (10). Several theories explained
the racial difference in the prevalence. The theory
of relaxation of natural selection published in 1962
is the oldest theory (1). According to that, CVD
was a disadvantage for hunters in the African
population. The low prevalence of CVD in primitive
populations was related to the deaths due to the
consumption of erroneously identified poisonous
fruits by the affected people (2). However, natural
selection pressure was minimal in agricultural-
based European populations. Therefore, there is
high CVD prevalence in western hemispheres.
Furthermore, CVD patients with superior luminance
discrimination in mesopic light levels had
advantages over the trichromats in the western
hemisphere with longer hours of twilight (16).
The Hardy-Weinberg Law is used to explain the
distribution of CVD in large populations. However,
it is difficult to attribute the low prevalence reported
in this study and studies done in other Asian
countries to any of the theories. Even with this
sample size, we have detected CVD patients in
all main ethnic groups of Sri Lanka. Despite the
fact that we did not analyse their pedigrees, the
importance of the large population-based study to
define the ethnicity-specific prevalence of CVD
in Sri Lanka is emphasized.

Difficulties related to CVD have been reported
from childhood to adulthood (7). The affected
areas extend across education, occupation, sports
and safety concerns. Discrimination and bullying
are raised as a difficulty, especially in children.
CVD patients develop adaptive strategies to
minimize the effects of CVD. The unaffected
visual memory may help the strength of their
adaptive strategies (17). However, psychophysical
studies have proposed compensatory advantages
associated with CVD. Morgan et al. have concluded
that colour can interfere with segregation based upon
texture and that dichromats are less susceptible to
such interference (18). Further, it has been argued
that CVD leads to better spatial resolution and visual
acuity (19). The dichromats seem to be able to
compensate for their reduced chromatic information
range when viewing complex natural scenes
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because their visual memory for coloured scenes is
not impaired, as compared with that of trichromats
(20).

The awareness of their deficiency would help
patients to acquire adaptive strategies effectively
(6). However, most of the children develop an
awareness of their weakness in schools (21).
Furthermore, children have recalled their
difficulties after being diagnosed as CVD (22).
Our cohort of school children has reported
difficulties in separation of cooked food and
uncooked food and colour setting in digital
screens. It has been observed that CVD students
face difficulties in subjects including food
technology, science and geography where colour
is extensively used (21). However, a study done
in 1958 on British birth control has concluded
that CVD children perform par with their healthy
peers educationally (23). The same study has also
shown that the risk of unintentional injuries did
not associate with CVD. However, the increasing
use of colour in education in the recent past raises
concerns for CVD children. Furthermore, as shown
in this study, education activities based on digital
screens (smart classrooms) may cause difficulties
for CVD (24). Increased usage of online teaching-
learning activities after the emergence of COVID-19
is a matter of concern on this regard.

Awareness of the disease plays a vital role. Under
reporting of the difficulties may be associated with
a lack of awareness (25). It has been suggested
that awareness of CVD helps to identify and
develop corresponding coping strategies (7). In
our cohort, there was no significant difference
in parent-reported difficulties between the normal
and affected children. Furthermore, only one parent
was aware of the child's CVD status. In existing
health or education system in Sri Lanka, there is
no place to detect CVD patients. The authors
would like to suggest screening for CVD at school
medical inspection and incorporating CVD in
the curriculum for preschool and primary grade
teachers.

Barry et al. have shown that a significantly
higher negative impact on the quality of life of
CVD patients than normal-sighted controls with
regards to confusion over colour in various
aspects of life (26). Harris et al. showed that CVD
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handicapped to engage in sports activities such as
cricket (27). We have reported the high percentage
of intimidation related to CVD in this study. The
intimidation related to CVD may further affect
the quality of life and psychosocial developments
in affected children.

At present, there is no consensus on which colour
test is the most complete. Therefore, it is advisable
to use at least two tests to ensure diagnoses. The
Ishihara test is the most widely used screening test
for CVD and a very sensitive screening test (28).
The panel tests, including the Farnsworth Panel
D-15 and Farnsworth-Munsell 100-hue tests, are
much more accurate in classifying colour deficiency
(29). The Anomaloscope is considered as the “gold
standard” for colour vision testing (30). The
complexity in usage, and time consuming nature
has limited the usage of'it in clinical practice.

Limitations

CVD in the group studied was not confirmed by
a second test. Furthermore, the small number of
patients with color defects studied in this study is
inadequate for a generalised conclusion of their
difficulties.

Conclusion and recommendation

CVD is not uncommon in the Galle education zone,
Sri Lanka. The affected children in the two schools
studied face difficulties in their day-to-day life
due to their defects. A large population-based study
is needed to determine the ethnicity-specific
prevalence and impact of the CVD in Sri Lanka.
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