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Abstract
This exploratory mixed method sub-study aimed to establish the impact of colour vision de�ciency (CVD)
on the usability of sputum colour charts in chronic obstructive pulmonary disease (COPD) patients.
Participants with CVD and those with at risk of acquiring CVD were recruited for the study. Colour vision
was tested using Chroma Test, which is a software program that analyses the tritan and protan colour
contrast thresholds. Qualitative interviews (individual and focus groups) comprised of participants with
COPD assessed for undiagnosed CVD, as well as a group with known CVD (with or without COPD).
Interviews were analysed using the framework method. Refer to Protocol 1.

In addition, a cross sectional study was conducted to determine the prevalence of CVD in The Health
Improvement Network (THIN) using colour blind diagnostic read codes. A limitation of this could be
failure of general practitioners to record CVD causing underreporting. Refer to Protocol 2. 

Introduction
Protocol 1:

Ensuring that use of the sputum colour chart is appropriate for colour blind people

Alice M Turner and Nicola Gale

Background

The post award requirement from the NIHR was that we ensure the intervention used in the main trial is
equitable to all, including those who are colour blind. We submitted a response to the NIHR detailing how
we would address this, part of which was to conduct 2 focus groups including people who are colour
blind, or are at risk of impaired colour vision. This protocol described the agreed add on work which is not
part of the formal process evaluation or other work packages within the trial.

There are 3 main forms of colour blindness - deuteranopia, tritanopia and protanopia (the 3 common
forms of colour blindness). We have contacted a colour blindness not-for-pro�t association/patient
support group (Colour Blind Awareness), and they have modelled the appearance of the chart and actual
sputum samples to colour blind people. This indicates that the key colour difference between light yellow
and green is likely to be detectable by sufferers. Even those with protanopia should be able to perceive
differences, even if the colour is not actually green in appearance.

Colour Blind Awareness also informed us that there are a signi�cant number of older people, in particular
those with co-morbid diabetes, glaucoma or cataracts, who develop a degree of colour blindness and
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suggested it would be useful to test the chart with these individuals too. Age related macular
degeneration may also cause such colour vision problems(1), and is more common in smokers(2), thus
likely to be present in some of the Colour COPD participants. However they explained that many colour
blind people will be unaware of their form of colour blindness, and that any study looking to examine the
functionality of the chart should independently con�rm the type of colour blindness participants have.

Protocol 2:

Estimating Prevalence of Colour Vision De�ciency (CVD) using THIN

Alice M Turner and Mark Quinn

Background

Normal human colour vision is trichromatic due to three types of cone photoreceptors located in speci�c
regions of the retina. Each cone contains different photopigments of different spectral sensitivities [1].
The three classes of cone photo-pigment neural cells correspond to short-wavelength(S), medium-
wavelength(M) and long-wavelength (L) of light; this is also referred to as blue (S), green (M) and red (L)
cones [2]. Since each photopigment absorbs light from different areas of the spectrum, each cone can
only signal the rate at which light is absorbed. Consequently, the output of a single cone cannot specify
the wavelength or intensity of light. Cones also have the inability to distinguish the spectral
characteristics of an object from those of its illuminant. The visual system derives trichromatic colour
vision by comparing the response of S, L and M cones. Each cone type has different peak sensitivities at
certain wavelengths, however they each respond to light over a large range of wavelengths[1,2]. This
causes a great degree of overlap between these three spectra of absorption, enabling the brain to
distinguish colour on the basis of wavelength; thereby providing comparisons of photon absorptions of
each class of cone. If any visual pigment from the three types of cone is absent or loses functionality
then only part of the visible spectrum will be visible to these individuals, compared to others with normal
vision capability [3].

COPD is one of the most common chronic respiratory conditions. It affects 2 million people in the UK, but
it is preventable and treatable [4]. The disease is characterised by persistent respiratory symptoms and
air�ow limitation caused by airway or alveolar abnormalities from signi�cant exposure to noxious gas or
particles. A feature of COPD is the limited state of chronic air�ow which is characterised by a
combination of small airways disease (e.g. obstructive bronchiolitis) and parenchymal destruction
(emphysema). There is considerable heterogeneity amongst symptoms, progression and the functional
outcomes between sufferers [6]. Dyspnoea, cough and altered sputum purulence and volume are the
cardinal symptoms associated with COPD. COPD may also be disrupted by periods of acute worsening of
respiratory symptoms called exacerbations. Exacerbations are symptoms that stray from normal
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everyday life and usually lead to a change in a sufferer’s medication [5]. Exacerbations can be further
graded using the Anthonisen classi�cation system which is based on the occurrence of one of more
cardinal symptoms. Anthonisen and his colleagues graded exacerbations into Type 1 (all three
symptoms), Type 2 (two cardinal symptoms) and type 3 which involves a cardinal symptom and another
associated feature such as upper respiratory tract infection, fever, increased cough or an elevated heart
rate 16 by 20% compared to baseline recordings [5,6]. In addition, the airways are narrowed through a
series of mechanisms which causes small reductions in peak expiratory �ow (PEF), forced expiratory
volume in one second (FEV1) and forced vital capacity (FVC) during exacerbations. These conditions
may worsen over time and arterial blood gases and oxygen saturation may also be affected [7].

 

NIHR recently funded a clinical trial on use of sputum colour chart as part of a self-management
intervention. When funding the study, NIHR suggested a complementary work on the prevalence of colour
blindness in respiratory patients to ensure that the intervention did not disadvantage colour blind people.

 

 

Reagents

Equipment

Procedure
Protocol 1:

Methods

We plan to run approximately 2 focus groups, one for people who are colour blind (n~10), one for people
at risk of developing colour blindness with age (n~20) in which the charts will be reviewed. This will
enable us to determine if colour blind patients who do not have a regular carer/person able to help them
with the colour chart can use a colour chart safely. At focus groups we will show the chart to participants
and ask them to discuss how it appears to them, and whether they can tell the difference between shades
shown. We will use a topic guide to ensure that questions are structured, and responses during the group
will be recorded for subsequent analysis using the framework method(3).
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Each participant will also be asked to provide basic demographic information, such as age and medical
history, and will have their colour vision tested using a computer graphics based system which has been
appropriately validated in clinical conditions known to impair colour vision(1) and against older methods
of diagnosing colour vision defects such as the Fransworth Munsall 100 Hue chart(4). In brief the
technique involves looking at a computer screen and counting dots seen of various colours and
intensities, after which a report is generated detailing vision along the protan and tritan axes. Importantly
the system is sensitive enough to diagnose all major types of colour defect, is simple to use, and the
equipment is available free of charge locally, having been funded by a previous grant. This will enable us
to assess: (i) whether perceptions of the utility of the chart vary with colour blindness type (ii) whether the
degree of undiagnosed colour blindness in at risk groups is likely to be signi�cant enough to impair use in
daily practice.

Participants will be recruited via Colour Blind Awareness and advertisements to patient groups locally,
such as the Clinical Research Ambassadors Group (CRAG) at University Hospitals Birmingham, as well as
to the public at the University. We anticipate that the majority of our known colour blind subjects will be
recruited from the University student population and/or Colour Blind Awareness, whilst the ‘at risk’
subjects will be via patient groups.

Protocol 2:

Methods

Study Design

A retrospective population based, cross sectional study on February 2, 2020 to calculate the prevalence of
Colour Vision De�ciency (CVD). 

Data source

Dataset for this study will be extracted from The Health Improvement Network (THIN), a nationally
representative electronic primary care records database that contains anonymized medical records of
over 15 million patients from 787 practices in the UK. In early 2020, around 2 million patients are
registered to a THIN practice at a cross-sectional time point. Diagnoses of morbidities, symptoms
observed, surgical procedures performed and referrals made are systematically recorded in primary care
using a hierarchical coding system called Read Codes.

 

Population
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Patients of all groups eligible for inclusion as of February 2, 2020 will be included. Inclusion will be
restricted to eligible patients �agged with up to standard data quality. Participant eligibility commences
one year after the latest date of 1) participant registration with practice, 2) practice showing acceptable
mortality recording and 3) practice initiating use of VISION system for documenting electronic medical
records.

Exposure

 Documentation of any of the following codes will be considered to determine the prevalence of CVD.

Code Description

F485100 Colour blind – deutan effect

F485200 Colour blind – tritan effect

F485000 Colour blind – protan effect

2B9.11 O/E – colour blindness

2B9Z.00 O/E – colour blindness NOS

2B92.00 O/E – red/green colour blindness

F485300 Colour blind – monochromatism

F485400 Acquired colour blindness

F485.11 Colour blind

F485.00 Colour vision de�ciency

F485z00 Colour blindness NOS

 

Statistical Analysis Plan

All statistical analysis to be carried out using R. Prevalence will be calculated by dividing the number of
diagnosed patients with CVD by the total number of eligible patients from data extract. Prevalence
estimates will be strati�ed by pre-determined demographic variables including sex, ethnicity, 10-year age
groups, . Furthermore, prevalence will be estimated in subgroups of patients with conditions that cause
CVD such as diabetes, glaucoma, age-related macular degeneration and multiple sclerosis. Finally, the
prevalence of CVD will be estimated in a cohort of patients with COPD. Summary statistics for numerical
values related to demographic or clinical characteristics will be reported as the median (IQR). Data
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visualisation to include histogram showing frequency distribution of CVD patients across age and bar
chart showing proportion of CVD causing condition among age categories.

 

Troubleshooting

Time Taken

Anticipated Results

References
Protocol 1:
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