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Preparing medical students with congenital colour vision deficiency
for safe practice
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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT
Background. Colour vision of candidates is tested in many

medical colleges in India at the time of admission to
undergraduate courses; however, there are no guidelines, and
therefore no counselling, on how students with congenital
colour vision deficiency (CCVD) should negotiate the medical
course, and how best they can practise safely after graduation.
Problems in interpreting coloured signs may lead to misdiagnosis.
This study aimed to explore difficulties during clinical work
that requires colour discrimination, and to offer suggestions on
safe practice based on the findings and a review of the
literature.

Methods. We did a cross-sectional study after obtaining
institutional ethical clearance and written informed consent.
Thirty volunteer medical students with CCVD (>3 errors on
Ishihara chart) were matched with 30 volunteers from their
own batch who made no errors. All participants interpreted
colour-dependent clinical and laboratory photographs.

Results. Students with CCVD made more errors (range
5–26; mean [SD] 13.17 [5.873] out of 75 items in 35
colour-dependent photographs) than colour-normal students
(range 2–13; mean [SD] 5.53 [3.037], p<0.001). The
nature of the errors suggested that medical students with
CCVD could have problems in learning histology, pathology,
haematology, microbiology, dermatology, paediatrics,
medicine, biochemistry and during ophthalmoscopy.

Conclusions. Screening at the time of admission will make
students aware of their CCVD status and, through conscious
practice thereafter, they may understand their limitations.
Faculty could guide and prepare such students for safe
practice.
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INTRODUCTION
Colour discrimination is important in medicine, particularly in
biochemistry, microbiology and pathology, and for detection of
clinical signs.1–4 Medical students with congenital colour vision
deficiency (CCVD) may have difficulties leading to mis-
diagnosis.1,5 Currently, though new entrants to the medical courses
in India are screened for colour vision deficiency, no further

action is taken to guide those who have the deficiency. We believe
this is unethical—to label them but offer no counselling. There are
no data on problems during practice in India, nor are there safe
practice guidelines for doctors with CCVD. We examined
difficulties faced by medical students during laboratory and
clinical work that depended on colour discrimination. Based on
the findings and taking help of the literature, we offer suggestions
on how such students can ensure safe practice.

METHODS
This cross-sectional, observational study was done from December
2011 to March 2013. Images representing clinical presentations
where colour is an important aid to diagnosis were collected from
the internet (non-profit, educational purpose; Creative Commons
license). Five colour-normal volunteer medical students, and
three colour-normal faculty from ophthalmology and pathology
(those not involved in the study) pilot-tested the images and
helped exclude unclear or ambiguous images. We started with 53
and eventually included 36 images.

At the start of the study, a total of 650 (578 men) medical
students were studying at our institution. Of the 322 postgraduate
students, 189 were men. The reported prevalence of CCVD is
6%–8% among men owing to their X-linked recessive inheritance,
and only 0.4% among women. Using a prevalence of 7% among
men, we expected to detect 53 colour vision deficient individuals.
Assuming a consent rate of 40%–50%, we set a sample size of 30.
In case we did not find the requisite number of students with
CCVD, we planned to extend the study to the new batch of
students in the following year.

After obtaining clearance from the institutional review board
and written informed consent from the study subjects,
undergraduate and postgraduate medical students were screened
with the 38-plate edition Ishihara chart. The test was done in a
separate room where non-participants were not allowed. For the
purpose of screening, students were contacted at least three times
in the lecture hall after their lectures or in the wards; those who
were not available after three attempts were called telephonically
for screening. Those who still could not be contacted were
considered not to have volunteered and were not screened.

As per standard protocol, students who made three or more
errors were considered colour vision deficient; they were invited to
volunteer for the study. To control for degree of exposure to, and
degree of experience with, laboratory and clinical work, an equal
number of undergraduate students from the same batch and
postgraduate students from the same postgraduate department and
same batch, who made no errors on Ishihara testing, were invited to
volunteer as controls. Students with CCVD underwent torch light
and ophthalmoscopic examination to exclude ocular conditions
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known to cause acquired colour vision deficiency (chorio-retinal or
optic nerve disease in any eye). The names, identities and clinical
data of students with CCVD were kept confidential.

Students with CCVD as well as controls were asked to
independently (albeit in the presence of one of the authors)
interpret the colour-dependent clinical and laboratory photographs
and respond in writing to 1–4 questions for each image; where
required, an image showing the normal was provided as an inset.
The questions were: indicate if the photograph is within normal
limits (yes, no, don’t know); describe, in terms of colour, any
abnormality that you see; identify and outline areas of abnormality
on a transparent overlay; and record your self-reported degree of
confidence in your response (very confident to low confidence).
In all, 35 photographs generated 75 items requiring their response.
Each error they made was given a count of one and total errors
were recorded. In addition, they had to count the number of acid-
fast bacilli (AFB) in a fixed area on a slide stained with Ziehl–
Neelsen stain.

When the proportion of students with CCVD and those who
were colour normal who made the error was the same, and the
confidence also comparable for both groups, the error was
considered not to be related to CCVD. However, when considerably
more students with CCVD made errors than controls from the
same batch, we assumed that the errors were related to the CCVD.

SPSS version 17 was used for statistical analysis. Chi-square
test was used to compare the proportion of cases and controls who
made errors in assessing individual coloured clinical photographs,
and the proportions with high levels of confidence. Student

unpaired t-test was used to compare cases with controls for mean
number of AFB counted by them.

RESULTS
Of the 1177 students available during the period of the study, 1022
(86.3%) were screened (Ishihara chart); 35 (3.4%), all men, were
found to have CCVD; 30 consented to participate in the study and
an equal number of controls were enrolled. Both the study and
control groups had 4 postgraduate students each. Most students
with CCVD (24/30; 80%) reported that they were first diagnosed
to be colour vision deficient after admission to the medical course.
While students with CCVD misread 18–30 slides on Ishihara
testing (mean [SD]: 24.6 [3.53]), controls made no errors.

Students with CCVD made 5–26 errors out of 75 items in 35
colour-dependent photographs (mean [SD] 13.17 [5.87]), whereas
colour-normal students made 2–13 errors (mean [SD] 5.53 [3.04];
p<0.001). Overall, students were very confident of their findings
during objective testing regardless of whether they had CCVD or
were colour-normal (Tables I to VI). In the case of pictures
displaying congestion of conjunctiva, skin rash, sunburn, petechiae,
Congo red staining, and test strips for blood and urine, we found
that significantly fewer students with CCVD were confident of
their findings.

There was a significant difference between the number of AFB
(Ziehl–Neelsen staining) counted by students with CCVD (5.3
[4.04]; range 0–24) compared to colour-normal controls (7.8
[0.89]; range 6–10; p=0.02). There was no difference in the
confidence level (0.33). Only one student with CCVD counted 8
bacilli correctly compared to 15 colour-normal students.

TABLE I. Errors made by medical students in colour-dependent photographs depicting ophthalmic signs
Photograph Proportion of students with Proportion of colour-normal p value

CCVD who made errors students who made errors
n (%) n (%)

Conjunctival haemorrhage
Identification of abnormality 0 0 –
Describing it 0 0 –
Proportion of students who were very confident 23 (76.7) 25 (83.3) 0.75
Fundus photograph showing disc pallor
Identification of abnormality 2 (6.7) 2 (6.7) 1.00
Describing it 14 (46.7) 10 (33.3) 0.43
Proportion of students who were very confident 14 (46.7) 14 (46.7) 0.73
Fundus photograph showing disc pallor and peripapillary pigmentation
Identification of abnormality 1 1 (3.3) 1 (3.3) 1.00
Describing it 9 (30) 3 (10) 0.10
Identification of abnormality 2 14 (46.7) 3 (10) 0.003
Proportion of students who were very confident 13 (43.3) 20 (66.7) 0.09
Fundus photograph showing retinal haemorrhage
Identification of abnormality 1 (3.3) 0 1.00
Describing it 4 (13.3) 0 0.11
Marking the margins 2 (6.7) 0 0.49
Proportion of students who were very confident 25 (83.3) 25 (83.3) 1.00
Fundus photograph showing pigmentation
Identification of abnormality 1 (3.3) 0 1.00
Describing it 6 (20) 0 0.02
Marking the margins 2 (6.7) 0 0.49
Proportion of students who were very confident 16 (53.3) 19 (63.3) 0.43
Congestion of conjunctiva
Identification of abnormality 3 (10) 1 (3.3) 0.61
Describing it 4 (13.3) 2 (6.7) 0.67
Proportion of students who were very confident 15 (50). 25 (83.3) 0.01
CCVD congenital colour vision deficiency
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TABLE II. Errors made by students in colour-dependent photographs depicting skin and mucus membrane signs
Photograph Proportion of students with Proportion of colour-normal p value

CCVD who made errors students who made errors
n (%) n (%)

Skin rash patch on chest
Identification of abnormality 15 (50) 11 (36.7) 0.44
Describing it 15 (50) 11 (36.7) 0.44
Marking the margins 18 (60) 14 (46.7) 0.44
Proportion of students who were very confident 11 (36.7) 21 (70) 0.03
Petechial skin rash on back
Identification of abnormality 0 0 –
Describing it 0 0 –
Proportion of students who were very confident 22 (73.3) 24 (80) 0.76
Bruises on arm
Identification of abnormality 0 0 –
Describing it 1 (3.3) 0 1.00
Marking the margins 14 (46.7) 7 (23.3) 0.10
Proportion of students who were very confident 17 (56.7) 21 (70) 0.42
Pallor of conjunctiva
Identification of abnormality 10 (33.3) 5 (16.7) 0.20
Describing it 12 (40) 8 (26.7) 0.41
Proportion of students who were very confident 15 (50) 18 (60) 0.81
Sclera showing jaundice
Identification of abnormality 2 (6.7) 0 0.49
Describing it 4 (13.3) 0 0.11
Proportion of students who were very confident 24 (80) 22 (73.3) 0.53
Hand of a patient with jaundice
Identification of abnormality 0 0 –
Describing it 4 (13.3) 3 (10) 1.00
Proportion of students who were very confident 20 (66.7) 22 (73.3) 0.78
Bruises on arm
Identification of abnormality 1 (3.3) 0 1.00
Describing it 2 (6.7) 1 (3.3) 1.00
Marking the margins 15 (50) 2 (6.7) <0.001
Proportion of students who were very confident 21 (70) 25 (83.3) 0.36
Diffuse rash on face
Identification of abnormality 6 (20) 8 (26.7) 0.76
Describing it 7 (23.3) 8 (26.7) 1.00
Proportion of students who were very confident 14 (46.7) 23 (76.7) 0.05
Chest of a patient with jaundice
Identification of abnormality 5 (16.7) 2 (6.7) 0.42
Describing it 19 (63.3) 8 (26.7) 0.01
Proportion of students who were very confident 14 (46.7) 15 (50) 0.12
Macular rash on arm
Identification of abnormality 0 0 –
Describing it 1 (3.3) 0 1.00
Proportion of students who were very confident 20 (66.7) 27 (90) 0.06
Cyanosis of finger nails
Identification of abnormality 9 (30) 4 (13.3) 0.21
Describing it 20 (66.7) 10 (33.3) 0.02
Proportion of students who were very confident 13 (43.3) 15 (50) 0.19
Burn on hand with blister
Describing it 2 (6.7) 1 (3.3) 1.00
Proportion of students who were very confident 21 (70) 18 (60) 0.59
Sunburn
Identification of abnormality 1 (3.3) 0 1.00
Describing it 1 (3.3) 0 1.00
Marking the margins 10 (33.3) 4 (13.3) 0.13
Proportion of students who were very confident 10 (33.3) 19 (63.3) 0.04
Petechiae on leg
Describing it 4 (13.3) 0 0.11
Proportion of students who were very confident 16 (53.3) 24 (80) 0.03
CCVD congenital colour vision deficiency
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TABLE III. Errors made by students in colour-dependent photographs depicting special stains
Stained slide Proportion of students with Proportion of colour-normal p value

CCVD who made errors students who made errors
n (%) n (%)

Congo Red stain
Differentiating amyloid (marked by arrow) from amyloid at another location 4 (13.3) 5 (16.7) 1.00
Differentiating amyloid (marked by arrow) from amyloid at a third location 13 (43.3) 2 (6.7) 0.002
Proportion of students who were very confident 6 (20) 21 (70) <0.001
Gram stain (1)
Identification of abnormality 0 0 –
Proportion of students who were very confident 26 (86.7) 25 (83.3) 1.00
Martius, Scarlet and Blue (MSB) stain
Identification of difference in colour at marked points 1 and 2 0 0 –
Proportion of students who were very confident 27 (90) 22 (73.3) 0.18
Identification of difference in colour at two marked points 1 (3.3) 0 1.00
Proportion of students who were very confident 25 (83.3) 20 (66.7) 0.23
Masson Trichrome stain
Identification of abnormality 1 (3.3) 0 1.00
Proportion of students who were very confident 26 (86.7) 27 (90) 1.00
Gram stain (2)
Identification of abnormality 6 (20) 6 (20) 1.00
Proportion of students who were very confident 21 (70) 26 (86.7) 0.21
Congo Red
Identification of abnormality 0 0 –
Marking the margins 0 0 –
Proportion of students who were very confident 18 (60) 22 (73.3) 0.42
CCVD congenital colour vision deficiency

TABLE IV. Errors made by students in colour-dependent photographs depicting tablets and colorimetric tests
Photograph Proportion of students with Proportion of colour-normal p value

CCVD who made errors students who made errors
n (%) n (%)

Coloured tablets
Matching colour (rose) 7 (23.3) 1 (3.3) 0.05
Matching colour (green) 13 (43.3) 4 (13.3) 0.02
Matching colour (orange) 4 (13.3) 0 0.11
Matching colour (violet) 21 (70) 2 (6.7) <0.001
Matching colour (olive) 2 (6.7) 1 (3.3) 1.00
Proportion of students who were very confident 11 (36.7) 17 (56.7) 0.26
Coloured test strips for blood and urine
Matching of colours (pea-green) 6 (20) 1 (3.3) 0.10
Matching of colours (orange) 9 (30) 2 (6.7) 0.04
Matching of colours (olive) 5 (16.7) 0 0.05
Matching of colours (pink) 6 (20) 2 (6.7) 0.25
Proportion of students who were very confident 12 (40) 23 (76) 0.01
Litmus paper test
Identification of abnormality 2 (6.7) 1 (3.3) 1.00
Proportion of students who were very confident 22 (73.3) 27 (90) 0.22
CCVD congenital colour vision deficiency

TABLE V. Errors made by students in colour-dependent photographs depicting oto-rhino-laryngological signs
Photograph Proportion of students with Proportion of colour-normal p value

CCVD who made errors students who made errors
n (%) n (%)

Inflamed oro-pharynx
Identification of abnormality 0 0 –
Describing it 0 0 –
Proportion of students who were very confident 23 (76.7) 26 (86.7) 0.51
Inflamed tympanic membrane
Identification of abnormality 0 0 –
Describing it 2 (6.7) 0 0.49
Proportion of students who were very confident 20 (66.7) 26 (86.7) 0.13
CCVD congenital colour vision deficiency
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DISCUSSION
The prevalence of CCVD among our students, at 3.42%, was
lower than that reported from the general population (6%–8%).1,6

The reason could be either because there are only a limited number
of students in our institution, or since most students were screened
for CCVD at the time of admission, those with a positive diagnosis
chose other (non-medical) streams of education.

On objective testing, students with CCVD and those who were
colour normal made errors in interpretation of coloured signs.
Some areas of concern revealed by the study are discussed below.

In the specialty of ophthalmology, though they were able to
detect the presence of an abnormality on fundus photographs,
students with CCVD could not decipher the colour. Contrast
difference between pigmented and surrounding non-pigmented
areas can assist in defining abnormal areas; however, for correct
description of colour, the perception of colour needs to be normal.7

For the specialty of otorhinolaryngology, they appeared to have
little difficulty; as has been reported by other researchers.8–10 When
assessed for the colour of medicinal tablets and for colour changes
in colorimetric tests, students with CCVD had difficulty with
green and orange colours. Such errors made during practice could
result in drug over-dosage and/or side-effects, and in diagnostic
mismanagement.11 Though they managed to decipher most
photographs depicting body fluids, in the photograph of normal
urine, significantly more students with CCVD diagnosed it as
abnormal. False-positive results could adversely impact patient
management.9 Ziehl–Neelsen staining of AFB threw up some
interesting findings; only 1 student with CCVD was able to count
the exact number of bacilli correctly compared to nearly half the
colour-normal controls. Moreover, while most students counted
fewer bacilli, one student with CCVD over-counted almost three-
times more bacilli. These situations could result in a false-
negative or false-positive diagnosis.9

Based on our findings, augmented by evidence from the
literature, we suggest ways in which a medical practitioner with
CCVD could practise safely. If she wishes to become an
ophthalmologist, she could work in anterior segment mainly,
while for retinal evaluations, she could have peers to corroborate
her findings.7,8,10 Persons with CCVD should avoid working with
drugs available in loose form. They should, instead, rely only on

strips where they can read the name and strength of the drug. With
respect to colorimetry, studies have shown that with the
chromaticity of charts currently in use, there is usually no problem
in detecting whether or not glucose is present. Errors may occur
only during quantitative testing;11 therefore, to prevent errors or
reduce their significance, digital instruments could be used.
Where changes in colour of the skin or body fluids are concerned,
we suggest caution during practice; a colour-normal colleague
could be asked to corroborate the findings before giving an
opinion. Our students with CCVD had difficulties in pathology
and bacteriology. Researchers argue that CCVD should not impact
the work in pathology as much of it relies on morphology and
arrangement of cells.12 Moreover, a magenta filter has been found
to help.13 Based on the nature of errors we found, perhaps
practitioners with CCVD could adopt safe practice through peer-
corroboration of findings where special stains are involved.8,10

Confidence levels during objective assessment deserve special
mention. For some photographs, students with CCVD recorded
significantly lower confidence levels even though the diagnosis
was correct. Students with low confidence should be encouraged
to consult others to corroborate their findings. Over time, this
practice could reinforce their diagnostic skills and improve their
confidence level.8,10

In most cases, however, the errors were associated with a high
level of self-reported confidence. The photographs where this
happened were related to skin colour changes, pigmentation of
ocular fundus, and coloured medication (particularly green colour).
Practitioners with CCVD who are confident about their judgement
are less likely to take precautions or take help from others and
could potentially mismanage patients. To prevent mishaps, after
getting evaluated for their particular degree and type of deficiency,
they should strive to become better aware of their limitations, if
any, and find ways to deal with them so as to ensure patient safety.1

Our study had some limitations. Photographs of colour-
dependent signs were used instead of real clinical situations. In
addition, all tests were done under standard illumination, while
such good illumination may not be present in real-life situations.
Further, history was not provided; additional clues can be gleaned
from a careful history. We also did not provide other findings that
could have helped in the diagnosis. Although our results show that

TABLE VI. Errors made by students in colour-dependent photographs depicting body fluids
Photograph Proportion of students with Proportion of colour-normal p value

CCVD who made errors students who made errors
n (%) n (%)

Normal urine
Identification of abnormality 13 (43.3) 5 (16.7) 0.05
Describing it 13 (43.3) 5 (16.7) 0.05
Proportion of students who were very confident 17 (56.7) 19 (63.3) 0.89
Haematuria
Identification of abnormality 0 0 –
Describing it 0 0 –
Proportion of students who were very confident 23 (76.7) 27 (90) 0.30
Bile-stained gastric aspirate
Identification of abnormality 2 (6.7) 0 0.49
Describing it 4 (13.3) 0 0.11
Proportion of students who were very confident 21 (70) 26 (86.7) 0.23
Blood in vomitus
Marking the margins 0 0 –
Proportion of students who were very confident 24 (80) 27 (90) 0.47
CCVD congenital colour vision deficiency
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students with CCVD face difficulties in some of the colour-
dependent tasks, it cannot be extrapolated that it would lead to
wrong diagnosis or mismanagement of patients. Only on further
longitudinal research can we determine whether self-reported
difficulties will translate into problems during clinical practice.
Because the number of postgraduate students recruited in our
study were few (4; 13.3%), we did not attempt to compare the
number of errors they made with the errors made by undergraduate
students. Thus, we cannot comment on whether postgraduate
students—since they have spent more time in clinics and
laboratories than undergraduate students—learn to understand
and compensate for the CCVD and thus make fewer errors in
practice. Further research could be done in this area.

Based on our results, we anticipate that medical students with
CCVD could have problems with the use of special stains in the
fields of histology, pathology, haematology and microbiology;
with respect to colour changes in skin and mucosa in dermatology,
paediatrics and medicine; in biochemistry, with respect to
colorimetric tests; and in fundus examination. Researchers have
found that persons with CCVD use other cues to avoid making
mistakes. They focus harder on history-taking; use brightness and
contrast to differentiate colours; observe closely, or use touch for
skin rashes; and many ask for help.5,10 We should recommend
these practices to our students soon after we diagnose them at
admission. We do not suggest concessions for students with
CCVD during formative or summative assessments; however,
during training, teachers could give them several opportunities to
practise and also advise them on non-colour-dependent cues that
could aid correct diagnosis.

In India, CCVD is not a contraindication for joining the
medical profession; thus, the issues related to CCVD in medical
practitioners in India have never been debated. In the West, people
with colour vision deficiency are not debarred from training in a
specialty of choice.5 Since the anomaly in colour vision is extremely
variable, no two individuals will have the same level of difficulty
so each one must be considered on an individual basis. We would
have liked to evaluate the effect of type of and severity of colour
blindness on performance; however, we used the Ishihara chart to
screen students for colour vision deficiency. This chart, though
universally used for screening purposes, is not reliable to grade

the severity of colour vision or classify its type. The recommended
method to grade and classify CCVD is to use Farnsworth Panel D-
15 or Farnsworth–Munsell 100-hue tests;14 however, these are
expensive and not available to us. Whereas the Ishihara chart is
widely available in medical institutions across India, the Farnsworth
Panel D-15 and Farnsworth–Munsell 100-hue tests are available
at only a few, select centres because of their high cost.

We recommend that students who are admitted to a medical
course should be screened at the time of admission, not to
discourage them from taking the course, but to make them aware
of the type and severity of the colour vision deficiency. They
should, thereafter, undergo counselling to know their limitations,
if any. They will then be in a much stronger position to acknowledge
the problems they have, be ready to seek advice, and be better
equipped to find ways to overcome difficulties to practise safely.
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