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Current understanding of genetics and genetic testing
and information needs and preferences of adults
with inherited retinal disease

Martin McKibbin*,1, Mushtaq Ahmed2, Matthew J Allsop3, Louise Downey4, Richard Gale5,
Hilary Louise Grant3, Barbara Potrata3, Thomas A Willis3 and Jenny Hewison3

Advances in sequencing technology and the movement of genetic testing into all areas of medicine will increase opportunities

for molecular confirmation of a clinical diagnosis. For health-care professionals without formal genetics training, there is a

need to know what patients understand about genetics and genetic testing and their information needs and preferences for the

disclosure of genetic testing results. These topics were explored during face-to-face interviews with 50 adults with inherited

retinal disease, selected in order to provide a diversity of opinions. Participants had variable understanding of genetics and

genetic testing, including basic concepts such as inheritance patterns and the risk to dependents, and many did not

understand the term ‘genetic counselling’. Most were keen for extra information on the risk to others, the process for genetic

testing and how to share the information with other family members. Participants were divided as to whether genetic testing

should be offered at the time of the initial diagnosis or later. Many would prefer the results to be given by face-to-face

consultation, supplemented by further information in a format accessible to those with visual impairment. Health-care

professionals and either leaflets or websites of trusted agencies were the preferred sources of information. Permission should

be sought for disclosure of genetic information to other family members. The information needs of many patients with inherited

retinal disease appear to be unmet. An understanding of their information needs and preferences is required to help health-care

professionals provide optimal services that meet patient expectations.
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INTRODUCTION

Advances in sequencing technology, particularly the development of
next-generation sequencing and the introduction of whole-exome
sequencing, are making genetic testing cheaper, faster and more
readily accessible. Genetic testing offers a number of potential
benefits, even though it may not always identify a treatment or lead
to a change in management. Despite these advances and the potential
benefits of genetic testing, there is wide variation in access to specialist
genetic services and to genetic testing within the publicly funded
National Health Service (NHS) in the United Kingdom, particularly
for those with inherited retinal disease.1 Although the reasons for this
are unclear, several factors have been implicated including cost, lack of
perceived demand and clinical utility and historic variation in the
commissioning and provision of specialist inherited eye disease
clinics.
Recent research has begun to demonstrate the demand for and the

clinical utility and value of genetic testing for inherited retinal
disease.2–5 Coupled with planned changes in service delivery so that
the commissioning of genetic testing within a specialty, such as
ophthalmology, should be led by that specialty, it seems likely that
there will be a rapid growth in access to genetic testing for inherited
retinal disease.6

Patients with inherited retinal disease have variable self-reported
understanding of both genetics and genetic testing.7 They may also
experience more emotional trauma when adjusting to a diagnosis
with the likely consequence of progressive visual impairment than to
other, more common disorders.8 The trauma associated with
adjustment can, in part, be reinforced by a lack of information
about the cause of the visual impairment.9 As a result, health-care
professionals need to be aware of the current knowledge and
information needs and preferences of adults with inherited retinal
disease in order to provide high-quality clinical care.5,10

MATERIALS AND METHODS
Semistructured interviews were conducted with 50 adults with inherited retinal

disease to identify the current understanding of genetics and genetic testing,

information needs and preferences. Although the focus of the interviews was

on diagnostic genetic testing, questions were also asked about predictive testing

and about prenatal and pre-implantation genetic diagnosis. Participants were

selected from a larger group of 200 study participants, all of whom had

completed a prior telephone questionnaire designed to assess their self-

reported understanding of and attitudes to genetic testing for inherited retinal

disease. Selection for the interviews was based on a purposive sampling frame,

constructed to provide a sample with a maximal diversity of self-reported levels
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of knowledge and demographic characteristics. Recruitment to the larger,

telephone questionnaire has been described elsewhere.7

Face-to-face interviews were conducted with the 50 participants using a

semistructured interview guide. Interviews were recorded, transcribed verbatim,

analysed and coded by two researchers using a thematic approach.11,12 To

ensure consistency, two researchers analysed a number of randomly selected

transcripts for the emerging themes independently, coded the data, and

compared codes and themes. Any disagreements were resolved by consensus.

The researchers continued with the analysis of the remaining interviews and

met at regular intervals to agree or refine themes. Analysis was undertaken

using a constant comparison and contrastive approach. Looking for negative

cases further refined understanding and relationships between and within the

themes.

Participants gave written, informed consent before the interviews. The

project was approved by the Leeds (East) Research Ethics Committee

(10/H1306/90).

RESULTS

Sample
The baseline characteristics of the 50 participants are given in Table 1.
Participants with a range of clinical diagnoses, including both
congenital and acquired visual impairment, and inheritance patterns
were included. The most common clinical diagnoses were retinitis
pigmentosa in 22 participants and macular dystrophy in 20 partici-
pants, of whom seven had Stargardt disease and four had Best disease.

Understanding of genetics, genetic testing and genetic counselling
In line with the sampling strategy, understanding of genetics was
variable and several participants felt that they had only a limited
understanding. (P111: ‘My understanding of it is quite vague. I go to
my brother because he’s quite bright! He knows more scientific stuff
than me. I’ve done a little (research) and I understand a little but not
in great depth’). Some participants felt that their understanding of
their personal diagnosis or inheritance pattern was good. (P86: ‘I’ve
got a faulty gene that means that my eye doesn’t get rid of waste

products and it causes new blood vessels to grow andyleak and
haemorrhage and they will cause a scar and they will wipe out the
central area. So the mutation on the gene that I have is the one that
causes the eye condition’). Others perceived their understanding to be
poor. Inheritance patterns were often confused or misunderstood.
(P7: ‘Dominant is the one that’s theymost important andy
recessiveyis the one that isn’t so common and important’ and
P197: ‘Dominant is when somebody has got a strongerygeney
that’s more rich and has more of an impact than the recessive one’).
Some participants believed that certain inherited conditions were

the result of consanguineous marriage but did not seem to under-
stand the genetic basis. (P197: ‘He didn’t say it was genetic but he said
it’s because you married in the family’). Understanding of the risk to
other family members was also variable. Some felt that a condition
could only be genetic if all the family members were affected. Many
participants confused the risk to future generations, failing to under-
stand that the risk applied to each pregnancy, for example, or
believing that the risk to a child with two carrier parents was one
in two. (P64: ‘My basic understanding of recessive is you need two
carriers and if two carriers of the gene match up, then there is a
50-50 chance thatythose genes will combine and will pass that
condition on’).
Although several participants were unclear about what a genetic

test involved, many understood that genetic testing could offer a
range of potential benefits, including: confirmation or provision of a
diagnosis and the pattern of inheritance, help to plan the future,
assisting clinical research and identifying future treatments. (P11: ‘It’s
for providing the individual with information yandy because the
more information they have about the population and different
variants, the more they can do their testing on possible remedies and
cures’). For those participants without other known affected family
members, genetic testing was valued as giving confirmation that the
condition was indeed genetic.
Participants were also concerned about possible negative aspects of

genetic testing, including emotional consequences, implications for
other family members and the possible impact on employment and
insurance. (P211: ‘Whenever there’s a genetic diseaseyyou know it’s
been passed down from your parents somewhere. Soythere’s a level
of guilt with parents and there’s a level of blame from the children’s
side’). Some wondered if genetic testing was relevant to them,
particularly if it failed to add any new information or to identify a
new treatment or cure. (P201: ‘It’s nice to knowya little bit more
about my eye condition but it doesn’t really move me any further on
and there’s no treatment available for what I have’).
Several participants were aware that the role of a genetic counsellor

included the provision of support and information, especially in
relation to genetic testing and the results. (P172: ‘I think they help
you to understand the riskyofy you being a carrier and passing on
the gene to any family that you might decide to have’ and P185: ‘They
explainythe likelihood of inheriting a particular disease from your
parentsyand then help you through the impact of that’). However,
many were confused about the role, believing it to be more limited to
that of providing support and psychological counselling and feeling
therefore that it was not relevant to them. (P121: ‘Somebody...I can
phoneyhaving that extra bit of support would be really lovely’ and
P125: ‘I don’t do all this counselling stuff because it’s just speaking to
somebody who knows nothing’).

Information needs and preferred sources of information
Nearly all participants wanted to have a precise diagnosis of their eye
condition and to know the consequences. Of particular importance

Table 1 Baseline characteristics of the 50 study participants

Mean age 45.7 years (SD 16)

Sex

Male 25

Female 25

Ethnicity

White British 39

British Asian or other 11

Highest level of education

To GCSE or O level 13

To college or beyond 37

Sight impairment certification status

Sight impaired or severely sight impaired 40

Not certified or unknown 10

Parenting status

Have or plan to have children 38

No plans to have children 12

Other affected family members

Yes 29

No 21
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was a desire to know and understand the pattern of inheritance and
the risk to their children. (P24: ‘The most important thing is yhow
is it going to affect meyis it going to affect my familyy’). Some
participants were keen to understand the role of genetic testing in
relation to carrier status testing and highlighted the need for the
information to be provided sensitively. (P197: ‘If you are contemplat-
ing marrying a family memberyit’s not targeting any religion or
something’).
In relation to genetic testing, participants often wanted more

information about what a genetic test involved, what would happen
to the sample and how testing could be provided. (P115: ‘You need to
know the implications of the testywhat it is that they’re actually
going to test for, how long it will take y and then obviously the
resultyhow that’s going to be delivered ywho’s going to give it to
me’). Before accessing genetic testing, participants wanted to have
additional information not only on the process of genetic testing and
the possible positive and negative aspects, but also on the accuracy or
reliability of testing. (P130: ‘If you are going to have an information
sheetyit should tellyhow accurate any information that might be
given could be or how reliable’).
To obtain information about genetics and genetic testing, health-

care professionals were the preferred source for most participants.
Ideally this would be done at the time of clinic review. (P207: ‘Face-
to-face would be better because I can understand more when
somebody’s talking to me rather than reading it from a bit of
paperyThey can explain what it actually means’). However, a
recurring theme was the need to provide this information using
simple, easily understood language and then to provide it supple-
mentary information either in a leaflet format at the time of
consultation or by letter after the consultation. (P100: ‘Just an
explanationymaking it easy for the less academic of us to under-
standydoctors use too many long wordsyyou’re no further forward
sometimesyso put it in plain English’ and P184: ‘The explanatio-
nywas very interesting but I’ve forgotten most of it because it was
given verballyyso to have it in some kind of leaflet formatythat
people could refer back to, would be very useful’). Some also noted
that the provision of information before a genetic eye clinic
appointment would be helpful. This was felt to provide an opportu-
nity to consider the issues beforehand so that questions could be
brought along to the clinic consultation. Other sources of information
included the internet, particularly the websites of national charities,
and social networking sites. Although some participants found online
information to be the most helpful, others expressed a concern about
the accuracy, detail and conflicting information available through an
internet search. (P45: ‘A lot more onlineymore than the hospita-
lySupport groups on Facebookythat’s probably my biggest source
of information’ and P95: ‘There are too many things (and) the
information is often too in-depth and not lay friendly’). The role of
health-care professionals in identifying ‘trusted’ websites was
acknowledged.
Most participants wanted printed information, but several com-

mented that their visual impairment often made it difficult to access.
(P110: ‘A lot of the information I get from the NHS is in writing.
I keep telling them there is no point in sending me a letter. The font
size is just size 12. I can’t see it!’). Although some participants had
additional hearing impairment, others preferred to receive informa-
tion in an audio format. Several expressed enthusiasm for the use of
interactive CDs or websites, highlighting additional benefits over
fixed print or audio formats. (P110: ‘Very often you deal with this
on your own and you don’t have anybody to bounce your
thoughts offySomething more interactiveyI would have found

usefulyespecially if you are typing an answer and the real answer
comes up and you thinkyactually I forgot that bityI didn’t know
that bit’). Positive case histories and the use of ‘frequently asked
questions’ were also suggested as being helpful, but were often
unavailable.

Timing of genetic testing and disclosure of information
Although most participants supported the provision of genetic testing
for inherited retinal disease, some questioned whether it would offer
them any particular benefit. Most often this was because their family
was already complete, the diagnosis was not in doubt or because
visual impairment was already severe. (P187: ‘I’m not really that
interested at this point in my lifeyI’ve had my childrenyit’s a done
dealyit’s a fait accompli’). Participants were divided as to the ideal
time for genetic testing to be offered. Some felt it should be offered at
the time of the initial diagnosis of the cause of visual impairment.
This view was more common in those with other affected family
members. Others felt that genetic testing should not be offered until
after the initial diagnosis, possibly not until an individual was in a
stable relationship or planning to start a family. (P25: ‘Maybe a bit
lateryso you can digest what you’ve been told firstythen offer
genetic testingymaybe at the next appointment or a couple of
appointments down the line’).
Some participants felt that the results of genetic testing could be

given to them by letter, as they may only confirm what had been
discussed at a prior clinic consultation. Most, however, were keen
that the results should be given to them during a clinic review or
via internet telephony so that there would be the opportunity to
ask questions and to get help understanding the implications.
(P111: ‘I don’t think it should be done over the phone becausey
I think if you need supporty you can’t always ask questions that
you want to ask over the phone. SoyI do think it’s better to be
face to face’). Provided the results were given by a health-care
professional who understood the result and the implications,
participants did not seem to express a preference as to which
member of the health-care team this should be. Many wanted the
results and any supplementary information in a letter to help them
retain the relevant information.
Most participants were aware that a genetic diagnosis would have

implications not only for them but also for other family members,
both with and without relevant symptoms. On receiving a positive
genetic test result, some felt that they would feel obliged to share the
information with other family members, but were aware that they
may feel anxious about testing and wondered how family members
would deal with a positive predictive test result and whether they
would want to undergo testing themselves. Many reported that they
did not know how to approach the subject with relatives, particularly
children, and would welcome guidance. (P201: ‘How do I talk about
it with my sonykeep that sort of open dialogueyno one’s given me
any guidanceyhow would you discuss this with your children?’).
Several thought that their relatives should be given accurate informa-
tion by a doctor. (P55: ‘I think the doctor should explain what it is
that’s wrong, explain the hereditary natureyhow it manifests itself
and everything else’). Many felt that health-care professionals should
be able to share genetic information relating to one family member
with other affected people in the same family, but most would prefer
to be asked for their consent for such information to be shared.

DISCUSSION

This study provides data on the current understanding of genetics and
the information needs and preferences of adults with inherited retinal
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disease. Although most participants were recruited from eye clinics or
were actively engaged with national charities, their understanding was
variable and many were keen to have additional information,
particularly in relation to the risk to other family members and the
process for genetic testing. Health-care professionals and national
charities were the preferred sources of information.
Interviewees were selected from a larger group of 200 participants

in order to reflect a diversity of backgrounds and opinions. The
findings of this study suggest that, individuals with inherited retinal
disease do not differ significantly from the general population in
terms of their understanding of genetics and genetic testing and their
information needs.13,14 Telephone questionnaires with the larger
group of participants identified that a self-reported understanding
was greater in those with higher educational achievement, suggesting
that the need for information is greater in those with lower
educational achievement or that they are less confident.7 Access to
information may also be more difficult for those with lower
educational achievement. The findings suggest that either or both
of the initial provision or the recall of information may have been
poor. In order to meet patient needs and expectations, it would seem
sensible to match the detail of information provided to the individual,
using plain and sensitive language and identifying and addressing any
misconceptions.15,16

In particular, participants wanted an accurate diagnosis of their eye
disease and also information on the risk to other family members,
practical aspects of genetic testing and advice on how to share
information with others. However, they often did not seem to
understand the role of a genetic counsellor, suggesting that health-
care professionals may need to be proactive in recommending genetic
counselling.
Although several felt that genetic information and testing should be

available at the time of diagnosis, some did not feel that such
information was of relevance to them. Information on the risk to
other family members appeared to be valued most by those whose
families were not yet complete. A few participants felt that they would
prefer not to know about the risk to children until they were in a
stable relationship. Klitzmann and Sweeney17 identified similar
concerns over how and when to disclose genetic risk information.
Most participants could suggest a number of potential benefits to
genetic testing, but were aware that it may not change the
management of their eye disease. This suggests that the personal
utility of genetic testing for inherited retinal disease is greater than the
clinical utility.
Participants wanted accessible information that would supplement

verbal information provided at the time of clinic review. The best
practice for communicating with the visually impaired suggests an
acknowledgement of print, email or audio preferences for appoint-
ments and communication and the use of black pens, accessible
computer screens or tactile diagrams to aid understanding.18 These
ideas could be used for supplementary information. In many
countries, there is a legal obligation to provide accessible
information to those with visual impairment and this may also
help tackle social isolation and depression. Patients with inherited
retinal disease often want ongoing support and review, with
additional information about daily living aids, employment,
mobility and research updates.5,10,16

Most participants felt that the best sources of information were
either health-care professionals or leaflets and websites of national
charities. Although the internet is a powerful resource for information
provision, people can find it confusing and overwhelming. Ophthal-
mic information can be an amalgamation of differing views, may

feature commercial bias and be poorly accessible to those with visual
impairment.19–21 Patients may want and need directing to reliable
sources of information.5,20 Current preferences appear to be either the
websites of national charities or sites hosted by professional bodies.22

Such organisations may be best placed to provide accurate
information, reviewed by professionals and that is transparent,
accessible and updated regularly. Social networking sites are
increasingly accessible and popular with visually impaired people,
but are not always felt to be an appropriate resource for obtaining
answers to personal questions.23 Possibly given the mean age of the
sample, smartphone applications were not mentioned as a useful
source of information.
Most participants would prefer to receive the results of genetic

testing during a face-to-face consultation, followed by a letter.
Opinions on intra-familial disclosure were much more divided:
many felt that they would prefer to inform other members of a
positive genetic test result, knowing the individual personalities and
family dynamics better, but others did not feel that other members
of the family should be informed. Attitudes to disclosure appear to
be influenced by a desire to protect the individual and family
members, the perceived relevance or usefulness of the information
and the nature of the relationships within the family.24,25 The desire
for assistance with intra-familial communication and the role of
health-care professionals in providing support, identifying other
sources of information and acting as a focal point for referral have
already been identified.14,24,25 Although both patients and the
public seem keen to know the results of genetic testing that may
be relevant to them, this enthusiasm is reduced for non-fatal and
untreatable disease. As a minimum therefore, it would seem
sensible for professionals to ask permission from those with
inherited retinal disease before the results of genetic testing are
shared with other family members.26

The findings of this project are limited by the small sample size, the
fact that most of the participants were actively engaged with health-
care professionals or national charities and the focus on patients
within the United Kingdom. Most of the participants had not had
prior access to diagnostic genetic testing as a result of local
commissioning policy, but many would have been approached to
provide a sample of DNA for research analysis. The sample also
included participants with a variety of clinical diagnoses and with
differing durations of visual impairment. However, participants were
chosen from a larger cohort and the purposive sampling frame
ensured that those selected for the interviews reflected not only a
diversity of self-reported levels of understanding but also a varied
demographic background. For this reason, the findings may be
broadly applicable to others with a range of inherited retinal diseases,
both those who regularly attend the clinic review and those who are
not actively engaged with eye care services.
Many patients with inherited retinal disease currently have a poor

understanding of genetics, genetic testing and genetic counselling.
Most are keen to have more information, particularly about patterns
of inheritance, the risk to children, practical aspects of genetic testing
and communication of the risk to other family members. Health-care
professionals and national charities are the preferred sources of
information. Verbal information should be supplemented by addi-
tional material, accessible to those with visual impairment. At present,
the information needs of those with inherited retinal disease appear to
be unmet.
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