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Abstract

Aim

The aims of this thesis were to explore the characteristics of individuals
who accepted, declined or were not offered cystic fibrosis (CF) carrier screening
and the outcomes of reproductive genetic screening through the evaluation of two

separate carrier screening programs in Victoria, Australia.

Research Projects

Multi-disease carrier screening program in Jewish high schools

Background/Aim: A screening program for Tay Sachs disease (TSD) carrier status
was introduced in high schools in Victoria in 1997, and was expanded to screen
for six other genetic conditions common in the Ashkenazi Jewish population in
2008. The aim of this questionnaire-based study was to evaluate the current
program and compare it with an evaluation of the program when screening was
offered for TSD alone.

Methods: All students, in the second last year of high school, who were offered

multi-condition carrier screening were invited to participate in the study.

Results/Conclusion: This study found that knowledge levels were decreased and
predictive negative feelings if found to be a carrier increased, compared to the

previous study when only TSD screening was offered.

Carrier couples identified through the Genetic Health Services Victoria CF

carrier screening program

Background/Aim: In 2006 a population-based CF carrier screening program was
implemented in Victoria by Genetic Health Services Victoria (GHSV). Screening is
offered to pregnant women and couples planning a pregnancy by private
obstetricians and general practitioners for a cost of $220 for each test. The aim of
this study was to explore the experiences of couples who were both identified as

carriers of CF.

Methods: Between January 2006 and December 2010, 10 carrier couples were
identified, and all were invited to participate in the study. A total of nine
interviews were conducted, seven couple interviews and two individual interviews,

and 12 completed questionnaires were received.
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Results/Conclusions: The results of the interview-based study indicated that
couples were shocked and were unprepared for a positive carrier couple result. All
couples changed their reproductive behaviour as a result of their carrier couple
status and informed family members of their increased risk. The results of the
questionnaire-based study were compared to a previous evaluation of the
program exploring the attitudes and outcomes of CF screening for carriers and
non-carriers. It was found that carrier couples have a high knowledge of CF and
screening and there is no difference in knowledge between carrier couples and
carriers, however both groups have a significantly higher knowledge than non-
carriers. No carrier couples regretted having screening, with all saying that if they

had their time again they would still have CF carrier screening.

Pregnant women who declined CF carrier screening

Background/Aim: CF carrier screening is currently offered to women during the
early stages of pregnancy and couples planning a pregnancy by private

obstetricians and general practitioners. The aim of this study was to assess the
attitudes of women declining an offer of screening and to compare these to the

attitudes of individuals who accepted an offer of screening.

Methods: Pregnant women who were offered CF carrier screening through the
GHSV program and declined the offer were recruited at ultrasound and obstetric

clinics and invited to participate in this questionnaire-based study.

Results/Conclusion: There was no difference in demographics between those who
declined and those who accepted an offer of screening. However, knowledge
levels were significantly lower in those who declined screening compared to those
who accepted it (carrier couples, carriers and non-carriers). The main reason for

declining an offer of screening was lack of family history of CF.

Pregnant women who were not offered CF carrier screening

Background/Aim: Carrier screening for CF is currently only offered in the private
health system in Victoria. The aim of this study was to determine the attitudes of
pregnant women who did not receive an offer of CF carrier screening, towards

carrier screening for CF and compare it to those who were offered screening.

Methods: Participants were recruited at antenatal clinics at two public hospitals

and were invited to participate in this questionnaire-based study.

Results/Conclusion: Those who were not offered screening were significantly

younger, had a lower level of education and lower income compared to those who
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were offered screening. Knowledge of CF and screening was significantly lower in
those who were not offered screening compared to those who were. Family
history is potentially the most influencing factor in the decision whether to have
screening. While only half of the participants would have liked to receive an offer
of screening during their current pregnancy, the majority believe CF carrier

screening should be available to those who wish to have it.

Conclusions

As programs expand to screen for more diseases, truly informed consent
may not be possible, with the more diseases screened resulting in a decrease in
knowledge. Pre-test information should provide basic information on the genetics
of recessive conditions which can be applied to all of the diseases screened for,
while detailed information should be targeted towards carriers during post-test
counselling.

As the main reason for declining an offer of CF carrier screening is lack of
family history of the disease, pre-test information needs to make clear that most
children with recessive conditions have no family history of the condition.

The current CF screening program is inequitable as screening is only
offered in the private health sector. In order to ensure equity of access, screening
needs to be offered in the public health sector with no out-of-pocket expenses,
and educational resources and programs need to be developed and targeted

towards potential participants.
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Chapter 1

General Overview



1.1 Background

This Chapter presents a brief overview of reproductive genetic screening in
order to set the context for the rationale of the PhD. A more detailed background
on reproductive genetic screening is provided in later chapters. This is then

followed by the aims of the PhD and the overview and structure of the Thesis.

1.1.1 Genetic screening

Genetic screening is a test performed for the early detection or exclusion
of a heredity disease, or to determine a predisposition to the disease in a
population or sub-population with or without any family history of the disease.! ?
Reproductive genetic screening is the screening of individuals or couples to
determine if they are carriers of a genetic disease that will not put them at risk of
developing the disease but may result in disease in their offspring.? This is also
referred to as carrier screening. A carrier is an individual who has a heterozygous
mutation for an autosomal or X-linked recessive genetic condition. This thesis will
focus on carrier screening for autosomal recessive genetic conditions.

The term ‘carrier couples’ refers to couples where both individuals are
identified as carriers of an autosomal recessive condition and they have a one in
four risk of having a child with the genetic disease with each pregnancy.
Population-based carrier screening identifies carriers and carrier couples by
offering testing to as many individuals as possible, regardless of whether or not
they have a family history of the genetic disease.® Carrier couples can then be
informed about available reproductive options.

In order to provide population-based carrier screening a condition must
generally satisfy the World Health Organisation (WHQ) guidelines that justify
population screening. Namely, the disease needs to be an important health
problem, mutation analysis can be performed to determine carrier status with
known test sensitivity and reproductive options are available to prevent the birth
of a child with this disease.” Two autosomal recessive conditions that meet these

criteria are: Tay Sachs disease and cystic fibrosis.

1.1.2 Tay Sachs disease

Tay Sachs disease (TSD) is a severe, autosomal recessive condition most
common among Ashkenazi Jews, with a birth prevalence of approximately 1 in
3,100 live births and a carrier frequency of approximately 1 in 28.° There is
currently no cure for TSD and, in the infantile-onset form, has a life expectancy of

less than 5 years.



TSD is the result of mutations in the HEXA gene causing a severe
reduction of enzyme B-hexosaminidase A activity. Screening for carriers of TSD,
in those of Ashkenazi Jewish descent, can be conducted by either enzyme or
mutation testing. Enzyme testing involves detecting the level of enzyme in the
blood, with carriers generally having lower levels than non-carriers.® Mutation
testing involves screening a DNA sample, taken from blood or non-invasive
methods such as cheekbrush, for the three most common HEXA mutations,
accounting for approximately 99% of mutations in the Ashkenazi Jewish
population.’

Carrier screening for Tay Sachs disease was first introduced in 1970 in the
United States, with Israel and other countries with a high population of Ashkenazi
Jews following suit.® Since the implementation of TSD carrier screening programs
there has been a greater than 90% reduction in the incidence of TSD, the number
of children affected with TSD, in these countries.®

TSD carrier screening programs have been implemented in Jewish high
schools in both Canada and Australia. Screening in a high-school setting has
many advantages including increased awareness and uptake, opportunity to
educate students and the timely receipt of results for future reproductive decision
making.® In 1997, a TSD carrier screening program was implemented by Genetic
Health Services Victoria (GHSV) in Jewish high schools in Melbourne, Australia.
The program provides education, testing and counselling to students in the
second last year of high school. An evaluation of the program showed high
uptake, high knowledge and a positive attitude towards carrier screening for
TSD.”

1.1.3 Cystic fibrosis

Cystic fibrosis (CF) is the most common severe, recessive, autosomal
condition in Northern Europeans, with a prevalence of 1 in 2500-3500 live births
and a carrier frequency of 1 in 25.1% Although treatments have improved life
expectancy to a median of about 37 years, there is currently no cure for CF.!!

In 1989 the gene responsible for CF was discovered making carrier
screening for CF possible.'? CF is the result of mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene. Since the discovery of the
gene more than 1,900 CFTR alterations have been identified, with p.F508del
accounting for approximately 70% of all mutations present in the Northern
European population.!?

In 1989, screening for CF in newborns was added to the tests performed

in Victoria on a heel-prick blood-spot, obtained from babies in the first few days



of life.!* The diagnosis of CF through newborn screening also identifies the
parents as carrier couples, providing the couple with reproductive options for
future pregnancies.

Carrier couples may also be identified by cascade testing, which aims to
identify carriers of CF who are at increased risk because they are relatives of
individuals either diagnosed with CF or identified as CF carriers. While cascade
testing is highly accurate and sensitive, as the familial mutations are usually
known, only about 11% of relatives for every proband take up cascade testing.'>
16

The total number of carriers identified in a population is far higher in
population-based carrier screening compared to cascade testing'’ as more than
95% of carriers have no family history of CF.!® !° The implementation of
population-based carrier screening for CF has resulted in a reduction of the
incidence of CF, with significant decrease in the number of infants with CF being
identified through newborn screening in areas where population screening has

been implemented.?°

1.2 Rationale

1.2.1 Multi-disease carrier screening in the Ashkenazi Jewish
population
In Australia, there are approximately 90,000 Jews, with the majority being

of Ashkenazi descent.?!

Carrier screening for reproductive risk is widely accepted
in this population due to the high frequency of a number of autosomal-recessive
genetic conditions. Ashkenazi Jews are at increased risk for certain genetic
diseases due to endogamy, the practice of marrying within a specific community,
and genetic drift.?? Therefore, there are a number of autosomal recessive
diseases that satisfy the criteria justifying carrier screening in this population. In
the USA, the American College of Obstetrics and Gynecology (ACOG) released a
statement recommending that individuals and couples of Ashkenazi Jewish
descent be offered screening for TSD, cystic fibrosis, Canavan disease and
Familial dysautonomia.??

This led to the expansion of the GHSV TSD Jewish high school carrier
screening program. In 2008, the program was expanded to screen for an
additional six diseases, including cystic fibrosis, Canavan disease, familial
dysautonomia, Fanconi anaemia type C, Bloom syndrome and Niemann Pick
disease type A. However, little is known about the effects of multi-disease carrier

screening, particularly with regard to knowledge and psychological factors.



1.2.2 Population-based carrier screening for CF

In the USA, guidelines recommend that CF carrier screening be offered to
all pregnant women and couples planning a pregnancy (ACOG).?* In Australia
there have been similar recommendations with the Human Genetic Society of
Australasia (HGSA) stating that all pregnant women and couples planning a
pregnancy be made aware of the availability of CF carrier screening.? Also,
various pilot programs in New South Wales, Western Australia and Victoria all
showed that the general population supports the routine offer of CF carrier
screening.?®"?® However, despite these recommendations, CF carrier screening is
not routinely offered in Australia.

A population-based carrier screening program, aimed at identifying CF
carriers was implemented in Victoria in 2006, by Genetic Health Services Victoria.
The program offers screening to individuals or couples before or during the early
stages of pregnancy via obstetricians and general practitioners. Carrier screening
for CF is currently only offered in the private health system for a cost of AUD$220

with no rebate from the national health fund, Medicare or private insurance.

1.2.3 Carrier screening in the future

The future of carrier screening is set to expand as screening becomes
increasingly affordable, available for more conditions and new high throughput
technologies are developed. Screening for a panel of over 400 severe recessive
childhood conditions has been developed using next generation sequencing.'!? As
consumers become increasingly interested in screening there will be a great deal
of pressure on the general healthcare setting to provide it. This will have
implications for healthcare professionals with regard to providing pre- and post-

test information and counselling.

1.3 Aims of this PhD

In order to routinely offer screening for CF carrier status to the whole
population and expand the program to screen for additional conditions, a great
deal can be learnt from the evaluation of the current programs. Little is known
about the characteristics of individuals who accept, decline and are not offered CF
carrier screening as well as the effects of screening for multiple conditions in
Australia. An increased understanding of these characteristics and outcomes will
assist with the development of educational resources, increase uptake of

screening and inform the provision of support and counselling.



The aims of this PhD project were to:

1. To determine the effects of screening for multiple diseases on
knowledge and psychological factors of high school students

2. To identify the factors that influence the decision to accept or decline
an offer of CF carrier screening

3. To assess the impact of screening for CF carrier status amongst carrier
couples

4. To evaluate knowledge of CF and screening for women and couples in
obstetric services

5. To determine the attitudes of women and couples in obstetric services

towards the offer of CF carrier screening

Findings from this thesis will assist with the expansion of the current CF
carrier screening program:
1. To offer screening for multiple diseases
2. To offer screening to all pregnant women and couples planning a
pregnancy
3. To inform and assist with the development and implementation of

other similar population-based carrier screening programs.

1.4 Thesis overview/structure

The structure of this thesis is as follows: Chapter 2 provides a detailed
overview of reproductive genetic screening, the principles of genetic screening
including the guidelines of screening as well as the legal, social and ethical
implications of genetic carrier screening. Chapter 2 also includes an overview of
the current reproductive screening practices in Victoria, Australia, as well as an
overview of the Australian Healthcare System.

Chapter 3 presents a detailed overview of TSD including its genetics,
clinical manifestations, current treatments and diagnosis as well as the various
screening strategies for TSD carrier status in the Ashkenazi Jewish population.
Chapter 3 also includes a detailed description of the TSD and related conditions
Ashkenazi Jewish high school carrier screening program currently implemented in
Victoria, to provide additional background information for studies in this thesis.

Chapter 4, the first research chapter, presents a published study that
explored multi-condition carrier screening in Jewish high schools. It examines the
reasons for accepting screening and the effects of screening for multiple

conditions on knowledge and predicted negative feelings if found to be a carrier.



Chapter 5 provides a detailed overview of CF including its genetics, clinical
manifestations, current treatments and diagnosis as well as the various screening
strategies for CF carrier status. To set the context for studies in this thesis,
Chapter 4 also includes a detailed description of the CF carrier screening program
currently implemented in Victoria as well as a comprehensive review of the
literature on population-based carrier screening for CF.

Chapters 6-8 present three separate research studies designed primarily
to explore various aspects of carrier screening for CF. Chapter 6 is a qualitative
study exploring the experiences of couples that were both identified as carriers of
CF through the GHSV CF carrier screening program.

Chapter 7 explores the reasons why pregnant women choose to decline an
offer of CF carrier screening. The results of this study were compared to those of
the previous study where the offer of CF carrier screening was accepted.

The final research chapter, Chapter 8, focuses on the attitudes and
opinions of pregnant women who were not offered CF carrier screening. Again the
results of this study were compared to those of the studies presented in Chapter
5 and 6, where CF carrier screening was offered.

In total there are four research chapters (Figure 1). Each research chapter
is preceded by a preamble to set the context for the subsequent paper. This
thesis is presented in line with the Monash University guidelines as a “Thesis by
publication” and as such the research chapters all consist of a published paper, a
paper in press or a paper under review. Thus, due to the nature of the format of
this thesis and the requirements of Monash University there will be some
unavoidable repetition in the experimental chapters.

Given each experimental chapter has an individual discussion, the final
chapter, Chapter 9, provides an overall discussion of the findings, limitations of

the study, future directions and conclusion.
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Chapter 2

Overview of Cystic Fibrosis



This chapter provides a detailed background on reproductive genetic
screening, including: the principles of screening; current screening programs in
Victoria, Australia; the legal, ethical and social implications of carrier screening;

as well as an overview of the Australian health care system.

2.1 Overview of genetic screening

Genetic screening is becoming more common in modern medicine. Many
genes associated with disease have been identified enabling genetic screening for
these conditions. With the completion of the sequencing of the Human genome in
2003, continued advances in technology, the linking of genes with disease and
the decreasing costs of DNA sequencing, genetic screening is continuing to be a
growing area with companies now offering genetic screening for over 100 genetic

diseases.?®

2.1.1 Types of screening

Screening is the process of identifying apparently healthy individuals who
might be at increased risk of a disease. Genetic screening is the testing of
individuals to determine if they possess a certain genotype that is associated with
disease in themselves and/or may cause disease in descendants.

Reproductive genetic screening is the screening of individuals or couples to
determine if they are carriers of a disease-causing mutation that will not put
them at risk of developing the disease but may cause disease in their offspring.?
The goal of reproductive genetic screening is to inform individuals and couples at
risk of having children with genetic disorders of their reproductive options.

Genetic screening also has implications for the wider family unit, with family
members of those identified having a higher risk of possessing the same

genotype.

2.2 The principles of screening

Although genetic screening is becoming a regular part of medical care
opinions still vary widely as to the value of screening. Some of the potential
benefits of screening include: early detection and intervention leading to
improved prognosis; reduced morbidity and mortality; and savings in medical and
health care resources.*° Some of the potential disadvantages include: no change
to prognosis regardless of early diagnosis or intervention; increased anxiety and

fear; and psychological harm from false-positive and false negative screening
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results.*°

To ensure screening programs are beneficial they must be assessed to
ensure the disease being screened for meets the appropriate criteria, to
determine the potential barriers and facilitators, and to confirm appropriate

education and counselling is provided.

2.2.1 Guidelines for screening

Wilson and Jungner developed the principals and practice of screening for
disease in 1968 for the World Health Organisation (WHO) (Figure 1).* Since then,
the WHO principles have been adapted to form the guidelines for screening for

genetic diseases.?!

The condition sought should be an important health problem.

There should be an accepted treatment for patients with recognised disease.
Facilities for diagnosis and treatment should be available.

There should be a recognisable latent or early symptomatic stage.

There should be a suitable test or examination.

The test should be acceptable to the population.

The natural history of the condition should be adequately understood.

There should be an agreed policy on whom to treat as patients.

© © N U A wN e

The cost of case-finding (including diagnosis and treatment of patients
diagnosed) should be economically balanced in relation to possible expenditure
on medical care as a whole.

10. Case-finding should be a continuing process and not a ‘once and for all’ project.

Figure 1. Wilson and Jungner WHO disease screening criteria (1968)

In 1997 the WHO guidelines were expanded to include additional
guidelines on genetic screening and testing.>? The additional guidelines stated
that screening should: be voluntary, be preceded by adequate information and
genetic counselling should be provided following a positive test result.

In 2008 the guidelines were revisited with additional criteria included
based on screening knowledge over the years that had elapsed since the
guidelines were implemented. Further inclusions were: programs should be
evaluated to determine effectiveness; programs should combine education,
counselling and clinical services; programs should promote equity of access to
screening and the overall benefits of screening should outweigh the harms.??

The European Society of Human Genetics (ESHG) and the American Society

of Human Genetics (ASHG) have also formulated guidelines with regard to
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population genetic screening.?* 3> In Australia, the National Health and Medical
Research Council have recommended similar guidelines.® They state that:
screening should be voluntary, have defined health goals, distinct target
population, laboratory controls, maintain confidentiality and ensure provision of
information. The ESHG also stated that pilot programs should precede the
implementation of programs within the population to assess: test validity and
acceptability; uptake rates; the impact of screening results on reproductive

decision making; psychological consequences and costs.>*

2.2.2 Facilitators and barriers to screening

It is important to explore the factors that influence whether an individual
will take part in a screening program to determine uptake in the population.
Factors that influence whether an individual will have screening are based on the
Health Belief Model (HBM), which was developed to predict health-related
behaviour.?” The Health Belief Model consists of four constructs: perceived
susceptibility, perceived severity, perceived benefits and perceived barriers.>’

Perceived susceptibility refers to an individual’s perception of whether they
are likely to be affected by/be a carrier of the disease, while perceived severity is
an individual’s perception concerning the seriousness of the disease, including
medical, financial and social consequences of the disease. High perceived
susceptibility and severity are believed to elicit a health-related behaviour,
however they may not define the course of action that is likely to be taken.?’

The course of action, whether to accept or decline an offer of screening,
may be determined based on the perceived benefits of the action. The perceived
benefits of screening can be reduced anxiety, knowledge and availability of
reproductive options to avoid the birth of a child with the disease. However, the
perceived barriers of a particular action may prevent an individual from
undertaking that course of action.?” Perceived barriers of screening can be cost,
lack of time and/or being against reproductive intervention such as prenatal
diagnosis and pregnancy termination.

Modifying factors that influence health-related behaviour were later added
to the HBM including: demographics; sociological and psychological variables
such as socio economic status and personality; perceived efficacy or the
individual’s ability to adopt the desired behaviour; motivation to commit to the
desired health goal; perceived self-control; and external factors such as
knowledge/education, the media, health professionals and personal experience.>®
Demographic factors that can influence the decision to have screening include:

gender, age, ethnicity, education, income and parity. Older women who have a
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high level of education, high income and low parity are most likely to have
screening.?’ 3% %% Ethnicity is an important factor in choosing which diseases to
screen, with certain diseases being more common amongst certain ethnicities.

A review exploring the factors associated with accepting or declining an
offer of CF carrier screening found that the four most frequently reported factors
associated with accepting an offer of screening were: perceived benefits of CF
carrier screening, low perception of barriers to CF carrier screening, low parity or
desire to have children and research-related factors.'*® The four most frequently
reported factors associated with declining an offer of CF carrier screening were:
perceived barriers to having CF carrier screening, low perception of benefits

related to CF carrier screening, higher parity and lack of knowledge.*?

2.2.3 Education and counselling

Educating and informing healthcare professionals as well as potential
participants is essential to ensure the screening program is effective. In Australia,
many healthcare professionals are not familiar with genetics and require
appropriate education and information in order to best offer screening to their
patients.?® 4

Education and counselling can be provided to potential participants both
prior to screening (pre-test) and after receiving a screening result (post-test).
Pre-test information and education is necessary to ensure potential participants
make an informed decision in regards to having screening. This is particularly
important as it has been shown that perceived severity of the disease and
perceived susceptibility are influencing factors in the decision to have
screening.?% 4% 28

Post-test information and genetic counselling are an essential component
of a screening program to ensure participants have an adequate understanding of
their carrier status. This is particularly relevant for carriers and carrier couples, as
they require information in regards to reproductive options and support
throughout the process. Where test sensitivity is less than 100%, education and

counselling should focus on informing non-carriers of their residual risk.

2.3 Screening programs in Victoria, Australia

2.3.1 Maternal serum screening
Prenatal screening is used to identify pregnancies at increased risk of
chromosomal abnormalities such as Down syndrome (Trisomy 21), Edward’s

syndrome (Trisomy 18) and structural abnormalities such as neural tube defects.
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The Royal Australian and New Zealand College of Obstetrics and Gynaecology
(RANZCOG) produced guidelines recommending that all pregnant women be
informed of the availability of prenatal screening.*?

In Victoria, screening is available to pregnant women during either the first or
second trimester although the vast majority who have screening have first
trimester screening. The first trimester combined screen, involves a combination
of maternal serum screening (blood test) and ultrasound measurement, while the
second trimester screening involves maternal serum screening (blood test) only.**

Screening for Trisomy 21 identifies pregnancies that are at increased risk of
being affected but it is not a diagnostic test. Women with an increased risk
screening result can choose to have prenatal diagnosis to determine whether
their pregnancy is affected. Prenatal diagnosis is conducted using either chorionic
villus sampling or amniocentesis. Women or couples with an affected pregnancy

may choose to continue with or terminate the pregnancy.

2.3.2 Newborn screening

Newborn screening (NBS) is a public health program that is designed to
screen for a number of serious conditions, using a heel-prick blood test taken
from newborns during the first few days of life (48-72hrs).*> NBS is conducted
worldwide, although the number and type of conditions tested for varies between
countries. The criterion for inclusion in the NBS panel is that early diagnosis can
lead to interventions that can improve the health outcomes of affected newborns.

In Victoria, NBS was first introduced in 1966 with the first condition being
screened for being phenylketonuria (PKU).*® In 1976 the panel was extended to
screen for congenital hypothyroidism, followed by cystic fibrosis in 1989.%¢ In
2001, tandem mass spectrometry was introduced allowing for the identification of
many more conditions.*’ In Victoria, there are currently 25 conditions that are
screened for as part of the NBS program.*®

More than 99% of newborns have a normal screening result. Those with an

abnormal result usually require further testing before a diagnosis is made.*®

2.3.3 Carrier screening

Carrier screening, for the purposes of this thesis, will be considered as the
identification of heterozygotes for an autosomal or X-linked recessive disease. A
heterozygote, or a carrier, is an individual who possess one copy of a disease-
causing mutation such that they are not at risk of developing the disease

themselves, but are at increased risk of having a child with the disease. If two
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carriers of an autosomal recessive disease reproduce there is a 25% chance of
disease in their offspring.

The aim of carrier screening is to identify carriers and carrier couples
through screening and inform them of their carrier status and the availability of
reproductive options. Reproductive options that are available to carrier couples
include: continuing with previous reproductive plans, having no children,
adoption, using prenatal diagnosis with termination of an affected foetus or
preimplantation genetic diagnosis.

Carrier screening can be aimed at a target population who are at increased
risk of the disease, due to family history (cascade testing) or ethnicity, or towards
the general population. In Victoria, there are both targeted and population-based

screening programs for various genetic diseases.

2.3.3.1 Targeted screening
i. Cascade testing

Cascade testing is the carrier testing of family members of an affected
individual or carrier. Family members of an affected individual are more likely to
be carriers of the disease than the general population. Therefore, it is generally
highly accurate and more sensitive than population carrier screening, as the
familial mutations are usually known.®

One of the limitations to cascade testing is the necessity of identifying a
carrier or affected individual in order to determine family members who are
increased risk. Another potential limitation to the efficacy of cascade testing is the
reliance on communication of genetic information to extended family members by
carriers, individuals diagnosed or their parents.®

The Human Genetic Society of Australasia (HGSA) recommends offering
cascade testing to family members for genetic diseases. Health professionals and
genetic services provide cascade testing to family members of affected individuals
or carriers, with the majority of genetic testing being subsidised by State

Governments.

ii. Jewish community
There are approximately 13 million Jewish people worldwide, with the

majority residing in the US and Israel.*

The Jewish population in Australia is
approximately 90,000 with the majority being of Ashkenazi descent due to a large
migration of this group to Australia from the late nineteenth to the mid twentieth

centuries.?!
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Due to endogamy, the practice of marrying within a specific community, and
genetic drift, random sampling that alters the frequency of an allele in the
population, Ashkenazi Jews are at increased risk of a number of autosomal
recessive genetic conditions.?” These include: Tay-Sachs disease (TSD); cystic
fibrosis (CF); Bloom syndrome; Canavan disease; Niemann-Pick disease Type A;
Fanconi anaemia. Individuals of Ashkenazi Jewish decent have a one in four
chance of being a carrier for at least one identifiable recessive condition.?? Due to
the high prevalence of recessive conditions in the Ashkenazi Jewish population,
carrier screening for reproductive risk is widely accepted.

In Victoria, a carrier screening program is operational in Jewish high
schools, offering screening for seven of the most common genetic diseases to
students in the second last year of school. This program is described in further
detail in Chapter 3.

2.3.3.2 Population screening
i. Thalassaemia
B-thalassaemia is an autosomal recessive disease most common in

individuals of Mediterranean descent.”®

B-thalassaemia is characterised by blood
transfusion-dependant anaemia in those affected, and reduced mean corpuscular
haemoglobin levels in carriers.>! Screening for carriers of B-thalassaemia can be
conducted using a standard full blood examination. The blood examination is not
a diagnostic test, with those who are screen positive requiring further
confirmatory tests.

In Australia, screening for B-thalassaemia carrier screening is not organised,
however screening is conducted in early preghancy in most women with the
request of a full blood examination (FBE) during antenatal care. It has been
shown that most women do not make a decision with regard to having B-
thalassaemia carrier screening, with the majority of carriers not being informed

t.>2 Most women identified as

about screening prior to receiving their carrier resul
a possible carrier by FBE are informed of their increased risk of being a carrier

and referred for further testing in order to confirm their carrier status.

ii. Cystic fibrosis, spinal muscular atrophy and fragile X syndrome
Multi-disease carrier screening is becoming more common as technology
advances and screening costs decrease. In Victoria, Genetic Health Services
Victoria (GHSV) implemented a cystic fibrosis carrier screening program in 2006
(discussed further in Chapter 4). Through the program screening is offered to

women and couples before or during the early stages of pregnancy in the private
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health sector by private obstetricians and general practitioners. The test is offered
on a user pays cost recovery basis, with each test costing AUD$220 and no
Medicare rebate.

In 2012 the program was extended to screen for an additional two
diseases, spinal muscular atrophy (SMA) and fragile X syndrome. The extended
panel of tests costs AUD$350. The program is currently in the pilot phase with

only a select few obstetricians offering the extended screening panel.

2.4 Legal, ethical and social implications of carrier

screening

2.4.1 Legal considerations

There is currently no national policy statement for population genetic
screening within Australia. However, laws governing both medical and genetic
testing in general are applicable due to the collection, storage, usage and

disclosure of health information by screening programs.>*

2.4.2 Ethical considerations

The ethical considerations in relation to genetic screening include
autonomy, beneficence and non-maleficence, and equity.

Autonomy refers to the protection of an individual’s right to make
informed, un-coerced decisions. To ensure that autonomy is protected, informed
consent needs to be obtained prior to participating in a screening program.
Legally, informed consent is only valid if the following three criteria are met: the
individual is competent, consent is given voluntarily and the individual is
adequately informed.>* In the context of population screening there are concerns
that it may be difficult to obtain informed consent on a large scale.>*

Another concern is the difficulty of protecting individual autonomy due to
the familial nature of genetic diseases. The information obtained from screening
may provide unwanted information to other individuals within the family who did
not wish to participate in testing. Conversely an individual may not be provided
with genetic information that is relevant to them. Genetic screening could also
result in the identification of non-paternity.

Beneficence and non-maleficence refers to maximising the benefits and
minimising the harms associated with genetic screening. The implementation of
genetic screening programs maximises the benefits although there will always be
some harm associated. To minimise this aspect of screening the potential harms

associated with screening should be explained.
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Equity refers to ensuring all individuals in the population are provided
equal access to testing. One major concern that may lead to inequity is the cost
of genetic screening to the individual. Providing genetic screening to the
population is extremely expensive, and without government funding screening is
offered on a user pays basis with the cost being unaffordable for some.

Other ethical considerations relating specifically to reproductive genetic
screening include: pregnancy termination, time of offering screening, potential
reduced societal value of those with genetic disease and screening based on
ethnicity. Many concerns have been raised with regard to the information
provided to couples prior to a termination of pregnancy, with pregnant women
and their partners not completely understanding the implications of having a child
with the disease.?’ Relating to termination of pregnancy, is the issue of when life
begins with some individuals believing that life begins at conception and that it is
unethical to end life at any stage. While at the other extreme some individuals
believe that life does not begin until birth. Preimplantation genetic diagnosis is
considered to be ethical by many, however there are groups of people who
believe that discarding unwanted/affected embryos through the use of
preimplantation genetic diagnosis is unethical, as once the embryo is formed it
has the same ethical standing as an embryo in the uterus.?’

Time of offering screening has raised a few concerns, with offering
screening prenatally resulting in limited reproductive choices for at-risk couples.
Offering screening preconceptionally has been proposed as the best time,
however there are barriers associated with offering screening preconceptionally
including lack of preconception health care setting and lack of interest at that life
stage.>® High school carrier screening has been implemented in various countries,
starting with TSD carrier screening in Montreal in the 1970’s.°® Carrier screening
in high school provides a setting in which to educate and test a large proportion
of the population or sub-population, however there have been many concerns
with regard to the ability of young people to make informed decisions and the
usefulness of this information at this life stage.?’

There are also concerns that the implementation of reproductive genetic
screening programs have led to the reduced societal value of those with genetic
disease, with parents who choose not to utilise screening and those who have a
child with a preventable disease receiving negative reactions from health
professionals and society.?’

The main issue surrounding screening based on ethnicity is potential

discrimination, with individuals of a particular ethnicity who are offered screening
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and/or those who are not offered screening based on ethnicity possibly reporting

feelings of discrimination.

2.4.3 Social implications

The majority of the social implications are interconnected with the ethical
implications. One that has not yet been mentioned is the consideration of cultural
and religious attitudes. A person’s culture and religion may impact on their
attitude towards health, reproduction, pregnancy, childbirth, disability and in
particular genetic diseases. It is essential to consider these cultural and religious
issues when developing a screening program in order to ensure the program is
accepted. This will minimise the potential for discrimination and adverse

psychosocial outcomes as a result of screening.

2.5 Australian health care system

2.5.1 Medicare

Medicare is a government funded health care system that provides
affordable primary health care to Australian citizens and permanent residents.
Individuals with a valid Medicare card have access to subsidised health care from
health professionals with a Medicare provider number and free health care in
public hospitals.®’

Under the Medicare system, cardholders are reimbursed some of the
medical fees with the remaining costs being out of pocket expenses.>” Not all
medical expenses are covered, as Medicare only covers primary health care.
Some things that are not covered by Medicare include; private hospital costs,
some genetic testing, dental services, ambulance services, cosmetic surgery and
medical services that are not clinically necessary to name some.>’

Medicare provides a private health insurance rebate, which subsidises
approximately 30% of their premium, to encourage those who can afford it to
obtain insurance even though they have access to free or affordable health care
in the public health system.>” Currently 54.5% of Australian citizens and

permanent residents have private health insurance.>®

2.5.2 Prenatal care

In Australia, there is a choice between private and public prenatal care. In
the public health system prenatal care is usually provided in a public hospital by a
combination of general practitioners, midwifes and obstetricians. Public hospital

care is funded by state Government, covering the majority of costs in the public
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health system including the bulk of ultrasound costs.>® However, 1 trimester
combined screening is not fully covered by Government funding.

In the private health system, private health insurance is used to cover the
costs of prenatal care in combination with Medicare and individual finances. In the
private health system prenatal care is provided by GPs, obstetricians and in

ultrasound clinics, with individuals having their choice of health professionals.
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Chapter 3

Carrier screening in the Jewish

community
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3.1 Tay Sachs disease

Tay Sachs disease (TSD) is a severe, autosomal recessive condition most
common among Ashkenazi Jews, with a birth prevalence of approximately 1 in

3,100 live births and a carrier frequency of approximately 1 in 28.°

3.1.1 Genetics

The Hexosaminidase A (alpha polypeptide) (HEXA) gene was discovered in
1985.%° The HEXA gene encodes the alpha subunit of an enzyme called B-
hexosaminidase A; the alpha subunit produced by the HEXA gene combines with
the beta subunit produced by the HEXB gene to form the enzyme.®! B-
hexosaminidase A plays a critical role in central nervous system. The enzyme is
found in lysosomes, which are cellular organelles that act to break down toxic
substances, and forms part of a complex that breaks down a fatty substance
called GM2 gangliosides.®?

TSD is the result of mutations in the HEXA gene causing a loss of enzyme
B-hexosaminidase A activity. The absence/reduction of enzyme activity prevents
the breakdown of GM2 gangliosides, resulting in a toxic accumulation of the fatty
substance in the nerve cells of the brain and spinal cord.®® The build up of GM2
ganglioside causes progressive damage and the destruction of nerve cells.®*

Enzyme deficiency can be detected in the blood of carriers, making carrier
screening for TSD possible.® The test is simple, inexpensive and highly sensitive
although initial methods resulted in false positive results when testing women
who were pregnant or taking oral contraception.®® The enzyme assays were
further developed to minimise the risk of the results being affected by pregnancy
or hormones.®®

More than 120 mutations have been discovered since the identification of
the gene.®” Three mutations are the most common, accounting for approximately
96% of mutations in the Ashkenazi Jewish population.” The three mutations
identified are: ¢.1275_1278dupTATC, c.1421+1G>C and p.G269S.” The
identification of these mutations and the high sensitivity in Ashkenazi Jews
increased the accuracy of carrier screening for TSD in this population. In
individuals who are not of Ashkenazi Jewish background, carrier testing by HEXA
measurement is still the method of choice. For those of Ashkenazi Jewish
background, enzyme testing and mutation testing have similar sensitivity and
specificity. Mutation detection has the advantage that it can be done from non-
invasive samples such as cheekbrush whereas enzyme testing requires a blood

sample.
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3.1.2 Clinical manifestation

During the 1880’s a British ophthalmologist and an American neurologist,
Warren Tay and Bernard Sachs respectively, separately described cases that later
became known as TSD.®®”° The clinical features of infantile-onset TSD are
generally displayed from six months of age and include: developmental
regression, progressive deafness and visual impairment.’® By approximately one
year of age symptom include: loss or voluntary movement or spasticity, enlarged
head and loss of peripheral vision.”®

As the disease progresses affected infants may experience blindness,
impaired breathing and swallowing, paralysis and seizures.”® Deterioration
increases until the affected infant is in an unresponsive, vegetative state.
Lifespan is markedly reduced with an average life expectancy of less than 5
years. TSD can be present in other forms including juvenile-onset and adult-

onset. However, these forms will not be discussed in further detail.

3.1.3 Diagnosis

Diagnosis can be confirmed with a blood test to determine the presence
and quantity of B-hexosaminidase A.® An eye test can also assist with the
diagnosis of TSD, with a red spot on the retina being characteristic, although not
diagnostic of TSD.

3.1.4 Treatment
There is no treatment or cure for Tay Sachs disease, with symptomatic

treatment being the only available therapeutic intervention.®

3.2 Carrier screening in Jewish community

Carrier screening for Tay Sachs disease was first initiated in 1970 in the
US, with Israel and other countries (with a high population of Ashkenazi Jews)
following suit.® TSD carrier screening is widely supported and promoted by Jewish
leaders providing awareness and education to the whole community.

Screening for TSD is offered to inform individuals and couples of their
carrier status allowing them to make informed reproductive decisions. Since the
implementation of TSD carrier screening programs there has been a greater than
90% reduction in the incidence of TSD in the Ashkenazi Jewish population.®

Initially the ultra orthodox Ashkenazi Jewish community did not participate

in these programs due to their strong religious beliefs in regards to prenatal
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diagnosis and termination.”! This changed with the introduction of the Dor

Yeshorim Program

3.2.2 Dor Yeshorim program

In 1983 a unique not-for-profit organisation, Dor Yeshorim, was
established in the ultra orthodox Ashkenazi Jewish community.” Rabbi Joseph
Ekstein founded the organisation to ensure the preservation of both religion and
community after losing four of his own children to TSD.?? The Dor Yeshorim
Program provides anonymous and confidential pre-marital screening for nine
recessive conditions to ultra-orthodox couples during the match-making process.
Blood samples are taken from students at ultra orthodox high schools and each
student is given an individual code.?®> When they reach a marriageable age and a
potential match is found, the match maker contacts Dor Yeshorim and upon
providing the codes the couple are told whether they are carriers of the same
condition by receiving a result of either *‘match advisable’ or *‘match not
advisable’.?? No individual results are provided eliminating the fear of stigma in
the community. More than 95% of ultra orthodox Ashkenazi Jews participate in
the Dor Yeshorim program and since its implementation there have been no
children born with a common recessive genetic disease to ultra-orthodox couples

in Israel.”?

3.2.3 High school carrier screening

Due to the advantages of preconception carrier screening and the
acceptability of screening in the Jewish population, high school carrier screening
is a favourable option. Screening in a high-school setting achieves maximum
awareness in the target population and provides an opportunity to educate
students in order for them to make an informed decision in regards to screening.’

High school carrier screening for Tay Sachs disease has been associated
with higher uptake than that of adult-based programs and students have been
shown to have a high knowledge of general genetics and specific conditions of
higher prevalence in the Jewish community.>® 7> 7* While there are advantages to
high-school screening, there have been concerns as to the relevance of this
information at this stage of life and the potential psychological harm.

Studies have shown that carriers identified in high-school programs recall
their carrier status and use this information in reproductive decision-making later
in life.”> 7® Informed consent is obtained from students over 16 years of age in
some programs, with psychological research showing no difference between the

competency of adults and adolescents towards decision-making.’® Having
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freedom and the capability to make independent decisions that comes from being
autonomous, has been shown to have various psychological benefits including an
increase sense of efficacy in adolescents.”’

The lack of psychological harm displayed by students participating in these
programs may be due to high knowledge, with knowledge having an influence on
attitudes.’® Overall students have a positive attitude towards screening for TSD
with a large number requesting screening.”®

Tay Sachs disease high school carrier screening programs have been
implemented in both Canada and Australia. High school carrier screening
programs for TSD have existed in Montreal, Canada, for more than 30 years.”® A
20-year analysis found that the program is effective with a 90-95% reduction in
the incidence of TSD with the majority of cases of TSD being born to couples
outside the target community or to non-screened couples.”®

In 1995 a TSD carrier screening program was implemented in four Jewish
high schools in metropolitan Sydney, Australia, by the Australasian Community
Genetics Programme (ACGP).%! Before the implementation of this program
screening for TSD was only offered through a medical consultation service.?! The
program provides compulsory education sessions and voluntary testing to
students between the ages of 15-17 years. Testing was done via a blood test but
in 1998 cheek swabs were used in replace of blood tests and the program was

extended to include screening for cystic fibrosis.

3.3 GHSV TSD and related conditions carrier screening

program

In Melbourne, Australia, a TSD carrier screening program was established
in Jewish high schools in 1997. The aims of the program are: education and
awareness, carrier screening and prevention of TSD. Carrier screening is offered
to high school students aged between 15 and 18 years and University students
attending Monash University and the University of Melbourne. The program also
conducts two community education screening days each year.

Testing was initially performed using a blood sample and incurred a cost of
AUD $40.° Testing has been offered free of charge, to both high school and
University students, since 1999, with the introduction of cheek brush sampling in
2003.7

In 2008, the program was extended to screen for another six genetic
conditions, with carrier frequencies that range from 1 in 25 to 1 in 100.” These

conditions are: (i) cystic fibrosis (CF), (ii) Fanconi anaemia type C, (iii) Bloom
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syndrome (BS), (iv) Canavan disease (CD), (v) Niemann Pick disease type A, and
(vi) familial dysautonomia.

An education session is provided in the form of a PowerPoint presentation.
The presentation outlines: the conditions screened for, inheritance of recessive
conditions, the importance of ancestry, testing procedure, what it means to be a
carrier and future options for carriers. Students are also given an information
brochure, a leaflet on the specific conditions screened for, and, a consent form.
Informed consent is required in order to have testing. If students are less than 16
years of age written parental consent is also required.

This program offers individual testing. Students have the choice whether
or not to have screening and the results of the test are provided directly back to
them. Testing is conducted approximately one week after the education session.
All students have a one-on-one counselling session in order to discuss the
consent form and ask any further questions. The consent form covers family
history, conditions for which they wish to be screened for and explains the
various aspects of testing. Students need to complete and sign the consent form
following counselling. Testing is by cheekbrush sampling. DNA extracted from the
sample is tested for the most common mutations that underlie the seven
recessive conditions.

If an individual is found to be a carrier they are contacted by a genetic
counsellor via telephone and offered further counselling. A letter and copy of

results also follow the phone call. Parents are also informed of the results.

Table 1. Autosomal recessive conditions screened for in the GHSV TSD and related

conditions Ashkenazi Jewish high school carrier screening program

Carrier
Life expectancy Gene Frequency
Tay Sachs Disease (TSD) Childhood HEXA 1in 28
2 to 3 yrs
Cystic Fibrosis (CF) Early Adulthood CFTR 1in 25
30-40 yrs
Canavan Disease (CD) Childhood ASPA 1in 40
3 yrs
Niemann Pick Disease Type A Childhood SMPD1 1in70
(NP) <3 yrs
Familial Dysautonomia Early Adulthood IKBKAP 1in 30
(FD)
Bloom Syndrome (BS) Early Adulthood BLM 1in 100
Fanconi Anaemia Type C (FA) Early Adulthood FANCC 1in 90

26



Chapter 4

Multi-disease carrier screening in

Ashkenazi Jewish high schools

27



4.1 Declaration

Declaration by candidate

In the case of Chapter 5, the nature and extent of my contribution to the work

was the following:

Nature of contribution Extent of

contribution (%)

Conception and design of study; attainment of ethics approval 70%
and on going reporting requirements; questionnaire
development; participant requirement; data collection, analysis

and interpretation; writing of manuscript

The following co-authors contributed to the work. Co-authors who are students at
Monash University must also indicate the extent of their contribution in

percentage terms:

Name Nature of contribution

A/Prof John Massie Contributed to design of study; assisted with
development of questionnaire; interpretation of
data; discussion of ideas expressed in and

critical revision of manuscript

Dr Sharon Lewis Contributed to design of study; assisted with
development of questionnaire; assisted with data
analysis; interpretation of data; discussion of

ideas expressed in and critical revision of

manuscript
Dr Alexandra Gason Previous study
Dr Vicki Petrou Previous study
Prof Sylvia Metcalfe Previous study
A/Prof MaryAnne Aitken Previous study
Prof Agnes Bankier Previous study
Prof Martin Delatycki Contributed to design of study; assisted with

development of questionnaire; interpretation of
data; discussion of ideas expressed in and

critical revision of manuscript

28




Candidate’s Date

Signature 20/02/13

Declaration by co-authors

The undersigned hereby certify that:

(1) the above declaration correctly reflects the nature and extent of the
candidate’s contribution to this work, and the nature of the contribution of
each of the co-authors.

(2) they meet the criteria for authorship in that they have participated in the
conception, execution, or interpretation, of at least that part of the publication
in their field of expertise;

(3) they take public responsibility for their part of the publication, except for the
responsible author who accepts overall responsibility for the publication;

(4) there are no other authors of the publication according to these criteria;

(5) potential conflicts of interest have been disclosed to (a) granting bodies, (b)
the editor or publisher of journals or other publications, and (c) the head of
the responsible academic unit; and

(6) the original data are stored at the following location(s) and will be held for at

least five years from the date indicated below:

Location(s) | Murdoch Childrens Research Institute

Signature 1 1/3/13
Signature 2 | 1/3/13
Signature 3 | 19/3/13
Signature 4 20/3/13
Signature 5 I 4/3/13

29



Signature 6

Signature 7

Signature 8

4/3/13

13/3/13

1/3/13

30




4.2 Paper preamble

This chapter explores the outcomes of a multi-disease carrier screening
program and compares it to the outcomes of a single-disease carrier screening
program, in Jewish high schools. This project was conducted at the outset of my
candidature and published in Clinical Genetics, in 2010. The participant
information sheet and questionnaire used in the study are displayed in the
Appendices (Appendix A and B respectively). Additional concluding statements

follow the paper.
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Carrier screening for inherited diseases provides
information regarding reproductive risks by detect-
ing whether an individual carries a gene muta-
tion that may cause disease in their offspring (1).

Carrier screening programmes may be directed at
the whole population or targeted towards a sub-
group at increased risk, with the aim to test and
counsel as many individuals as possible regardless
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of whether or not they have a family history of the
genetic disorder (2).

In the Ashkenazi Jewish community, carrier
screening for reproductive risk is widely accepted
due to the high frequency of a number of
autosomal-recessive genetic conditions. There are
approximately 30 million Jewish people in the
world of whom more than 90% are of Ashkenazi
descent (3). Ashkenazi Jews are at increased risk
for certain genetic diseases due to endogamy, the
practice of marrying within a specific community,
and genetic drift (4).

Tay Sachs disease (TSD) is a severe, life-
shortening, autosomal-recessive disease most com-
mon among Ashkenazi Jews, with a prevalence
of about 1 in 3100 live births and a carrier fre-
quency of approximately 1 in 28 in that com-
munity (5). TSD carrier screening was first intro-
duced in the United States in 1971 and similar
programmes were later implemented in other coun-
tries where there are large populations of Ashke-
nazi Jews (6). TSD carrier screening programmes
have been associated with relatively high uptake in
Ashkenazi Jewish populations all over the world
and have resulted in a more than 90% reduction
in children affected with TSD in countries where
screening is widely offered (7).

Ultra-orthodox Jews do not participate in the
screening programmes due to their strong religious
beliefs in regard to prenatal diagnosis and preg-
nancy termination (8).

A not-for-profit organization, Dor Yeshorim,
was established in 1983, which provides premar-
ital carrier screening of ultra-orthodox couples
for nine conditions, currently, during the match-
making process (4,9). Screening is anonymous and
confidential with the couple receiving a result
of either ‘match advisable’ or ‘match not advis-
able’ (4). This programme has high uptake with
more than 95% of the ultra-orthodox Jewish com-
munity participating in the programme (4).

TSD carrier screening programmes have been
implemented in Jewish high schools in Canada
and Australia (6). Screening high school students
provides an opportunity to educate and the timely
use of results for reproductive planning and
behaviour (10). The screening programme for
TSD carried out in Montreal high schools showed
high uptake, high knowledge levels and positive
attitudes towards screening with the vast majority
of carriers recalling their carrier status and having
their partners screened (11). High school carrier
screening carried out in the Jewish community
is associated with higher uptake than the state-
funded screening programmes targeted towards
adults (10). Although some have argued that the

results of screening are not relevant at this
life stage, students do not consider high school
screening to be too early (11).

In Australia, the Jewish population is approxi-
mately 90,000 with the majority being of Ashke-
nazi Jewish descent (6). In 1995, a TSD carrier
screening programme was implemented in Jew-
ish high schools in Sydney, Australia. The pro-
gramme provided a compulsory educational ses-
sion for all students aged 15 years and above and
voluntary testing (6). High uptake of testing (94%)
was observed as well as high knowledge reten-
tion, low concern if found to be a carrier and high
intention to use results (6).

In Melbourne, Australia, a TSD carrier screen-
ing programme was established in Jewish high
schools in 1997. The programme provided edu-
cation, counselling and testing to students aged
between 15 and 18 years (5). An evaluation of the
programme was conducted from 1998 to 2001 (5).
During this period, testing was performed using a
blood sample, and testing incurred a cost of AUD
$40 for those tested in 1998, but free testing was
offered thereafter (5). An uptake rate of 67% was
observed during this period, with students display-
ing high knowledge levels and a positive attitude
towards screening (5). The uptake increased to
96% with the introduction of cheek brush sampling
in 2003 (12).

In 2008, the programme was extended to screen
for another six genetic conditions, with carrier fre-
quencies that range from 1 in 25 to 1 in 110 (13).
These conditions are: (i) cystic fibrosis (CF), (ii)
Fanconi anaemia type C, (iii) Bloom syndrome
(BS), (iv) Canavan disease (CD), (v) Niemann
Pick disease type A, and (vi) familial dysautono-
mia. Here we report an evaluation of educational
and attitudinal outcomes of this programme and
compare it with an evaluation of the programme
when only TSD screening was offered (5). The
aims of this study were to assess reasons for
undergoing screening and the effect of screening
for multiple diseases compared to screening for
TSD alone, on knowledge and predicted feelings
if found to be a carrier.

Materials and methods
Ashkenazi Jewish carrier screening programme

The carrier screening programme is conducted
by Genetic Health Services Victoria (GHSV) (5).
TSD carrier screening is offered to students in
the second last year of high school at six Jewish
high schools in Victoria. In 2008 the programme
expanded to include six other genetic conditions
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that are prevalent in the Jewish community. Test-
ing is currently free of charge with funding from
a number of philanthropic organizations. Results
of the test are mailed to all non-carrier students.
All carriers receive a telephone call from a genetic
counsellor who discloses the results and provides
genetic counselling by telephone with the offer
of face-to-face genetic counselling. Carriers then
received the results and a letter summarizing the
genetic counselling given. In addition, carriers also
received a letter that they could pass on to other
family members to facilitate cascade testing within
the family.

Testing

Testing is by cheek swab and a DNA lysate is pre-
pared from this and subsequently analysed for the
most common mutations in the Ashkenazi Jewish
population for each disease (Table 1). The range
of mutations for each condition accounts for more
than 95% of all mutations in this population (14).

Pre-test education

Pre-test information is supplied in the form of a
40-min Power Point presentation followed by a

Table 1. The mutation panel used for the screening programme

Disease Gene Mutations

TSD HEXA p.G269S
€.1275_1278dupTATC
c.1421+1G>C
p.Y231X
p.E285A
C.IVS4+4A>T
€.2507+6T>C
p.R696P

p.L302P
€.990delC
p.R496L
€.2281delATCTGAINSTAGATTC
Cc.489+1G>T
c.1585—-1G>A
p.F508del
p.1507del
p.V520F
p.G542X
p.G551D
p.R553X
p.R560T
p.W1282X
p.N1303K
c.3718-2477C>T

CD ASPA

FA FAC
FD IKBKAP

NP SMPD1

BS BLM
CF CFTR

BS, Bloom syndrome; CD, Canavan disease; FA, Fanconi
anaemia type C; FD, familial dysautonomia; NP, Niemann Pick
disease type A.

Carrier screening in Askenazi Jewish high schools

short DVD. Students are given brochures on TSD
and an information sheet that describes each of
the conditions that is offered in the screening pro-
gramme. In addition, a website (www.taysachs.net)
is provided for further information. Students have
a one-on-one interview with a member of the
screening team before testing to ensure that ques-
tions are answered and to gain informed consent
prior to testing. Students can decline testing at this
point.

Subjects

All students in the second last year of high
school at four Jewish high schools were invited to
participate in this study. Two other schools were
excluded from this evaluation study as they are
strict orthodox schools where most of the students
choose to be screened via the Dor Yeshorim
programme.

Questionnaire

A questionnaire was purpose-designed to address
the following domains: demographic variables,
knowledge of genetics and specific conditions
screened for, anxiety levels at the time of com-
pleting the questionnaire, reasons for participat-
ing in screening, family history of the conditions
and testing, and predicted feelings if found to be
a carrier of one of the conditions. The knowl-
edge questions, reasons for screening and pre-
dicted feeling scales were adapted from a val-
idated survey evaluating the school-based TSD
genetic screening programme in 2003, for the
purpose of comparison (5,12). The anxiety scale
used in the questionnaire was the short version
of the State Trait Anxiety Inventory (STAI) (15).
Scores range from 20 to 80 and a higher
score indicates greater anxiety. The questionnaire
was anonymous and completed immediately after
screening. The questionnaire can be found at
www.mcri.edu.au/Downloads/Questionnaire/AJHS
Questionnaire.pdf.

Scales

Students were asked to answer 10 questions
regarding their knowledge of the different dis-
eases and carrier screening. They were asked to
select one of three options: true, false or unsure.
Knowledge questions were scored as correct (1) or
incorrect (0). The total knowledge score for each
student was calculated.

Factors influencing the decision to have screen-
ing were measured on a five-point Likert scale. For

34



Ioannou et al.

analysis, points ‘1’ and ‘2’ were combined to form
the category ‘did not influence’, the middle point
‘3’ remained neutral, while points ‘4’ and ‘5° were
combined to form the category ‘influenced’.

Predicted feelings if found to be a carrier were
also measured on a five-point Likert scale. For
analysis, points ‘1’ and ‘2° were combined to
form the category ‘not likely’, the middle point
‘3’ remained neutral, while points ‘4’ and ‘5° were
combined to form the category ‘likely’.

Data analysis

Data analysis was conducted using SPSS (Win-
dows, version 16.0; SPSS Inc., Chicago, IL, USA).
Preliminary descriptive analysis generated fre-
quency data to elicit the description of respondents.

Statistical significance of between-group com-
parisons was assessed using Chi-square tests of
association for categorical variables. In the case
of variables having more than two categories,
degrees of freedom are given with the chi-square
statistic.

Comparisons were made between the data from
the current study and data from a previous study
evaluating high school carrier screening for TSD
alone (5). Statistical significance was determined
using Chi-square tests of association.

Results
Response

Questionnaires were given to all students (n =
273) present on the day of screening. Two hundred
and seventy-two students completed the question-
naire representing a 99.6% response rate.

Demographic variables

All students were 15-17 years of age with the
vast majority (271/272) in the second last year of
high school. Of the 272 students, 267 (98.2%) had
Jewish ancestry with 222 (81.6%) reporting being
solely of Ashkenazi Jewish ancestry (Table 2).

Reasons for having screening

Two hundred and seventy-one out of 273 (99.3%)
students had undergone screening. The most influ-
ential factor for undergoing screening (Fig. 1)
was the desire to know their carrier status
(82.4%) followed by convenience (74.1%). Par-
ents’ opinion towards carrier screening was influ-
ential for 118 participants (44.2%), while 87 par-
ticipants (32.7%) indicated the fact that their

friends having undergone the test influenced their
decision.

Knowledge

There were six knowledge questions, which were
answered correctly by less than 50% of the stu-
dents (Fig. 2). These were: (i) CF affects the brain
(F), (i1) BS predisposes to cancer (T), (iii) CD usu-
ally causes a person to die in childhood (T), (iv)
if the test shows you are not a carrier you can-
not have a child with that condition (F), (v) this
programme screens for five different genetic con-
ditions (F), and (vi) all people have some altered
genes (T). There was no difference in knowledge
among the four schools.

Information

Two hundred and twenty-nine students (87.1%)
felt that they had enough information to make a
decision in regard to having screening, while 69
students (26.2%) sought further information. The
most common source of further information was
family (21.0%), followed by a doctor (4.0%) (data
not shown).

Family history

One hundred and twelve students (42.6%) had
a relative who had been tested for at least one
of the seven genetic conditions in the screening
programme, with the majority of those screened

Table 2. Demographics of students participating in the multi-
disease carrier screening programme?

Number of
Demographics Categories participants
School (n = 272) School A 49 (18.0%)
School B 68 (25.0%)
School C 59 (21.7%)
School D 96 (35.3%)
Gender (n = 272) Male 154 (56.6%)
Female 8 (43.4%)
Age (in years) (n = 271) 15 8 (3.0%)
16 193 (71.2%)
17 0 (25.8%)
Jewish ancestry (n = 272) Yes 267 (98.2%)
No 2 (0.7%)
Unsure 3 (1.1%)
Type of Jewish ancestry Ashkenazi 222 (82.5%)
(n = 269) Sephardi 1(0.4%)
Mixed 35 (13%)
Not sure 1 (4.1%)
Currently studying biology Yes 44 (16.2%)
(h=272) No 228 (83.8%)

@Note that the denominator is less than 272 for some of the
categories, as not all students answered all questions.
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Fig. 2. Percentage of students who correctly answered each knowledge question in the multi-disease carrier screening programme.

being siblings (25.0%) and parents (19.5%). Two
hundred and forty students (91.6%) had no family
history or were unsure of a family history, while
22 students (8.4%) stated that one or more family
members are carriers of one of the conditions (data
not shown).

Anxiety

The STAI scores ranged from 20 to 80, with a
median of 27 (data not shown). There was no
significant difference in the anxiety scores between
males and females.
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Fig. 4. Comparison of factors that influenced the decision to have screening in the previous and current study. *p < 0.05 for
comparison of percentage influenced in current vs previous study using x 2 test.

Predicted feelings

The most common predicted feeling in regard to
being detected as a carrier was fear, with 58 stu-
dents (22.3%) stating that they would be extremely
scared if they found out that they were a carrier of
one of the genetic diseases screened for (Fig. 3).

Comparison with single-disease carrier screening
programme

Test uptake increased from 67.0%, with blood
tests, to 96.0% with cheek brush sampling, when
screening was offered for TSD only. In the current

programme, test uptake was 99.6%. The main
reason for having screening remains the same,
with 68.4% of students offered TSD screening
only and 82.4% of students offered multi-disease
screening, stating that they wanted to know their
carrier status (Fig. 4). Compared to the first study,
students from the current study were significantly
more influenced by promotion of carrier screening
by the Jewish community (x> = 38.95, p < 0.01),
wanting to know carrier status (x> =5.23, p=
0.02) and their perception that it was easier to have
the test now than later (y> = 56.32, p < 0.01).
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Fig. 5. Comparison of general genetics knowledge of students in the previous and current study. *p < 0.05 for comparison of

percentage correct in current vs previous study using 2 test.

Five of the knowledge questions in each study
were the same and could be directly compared
(Fig. 5). All of these five knowledge questions
were answered correctly significantly more fre-
quently by students who were only offered TSD
screening compared to students who were offered
multi-disease screening. These were: (i) carriers
will develop the disease (F) (x> =442, p <
0.01), (i) both parents need to be carriers to
have an affected child (T) (x> = 71.3, p < 0.01),
(iii) if test is negative you cannot be a carrier
(F) (x> = 169.5, p < 0.01), (iv) only Jewish peo-
ple are affected (F) (x> =119.7, p < 0.01), and
(v) everyone has some altered genes (T) (x> =
61.0, p < 0.01).

Whether or not the student studied biology
did not influence the level of knowledge in the
previous study (x> =0.7, p=0.4), while the
current study showed that those studying biology
did significantly better on the knowledige questions
than those not studying this subject (x* = 7.0, p =
0.01). The previous study found that knowledge
level was significantly higher in females compared
to males (x> = 6.7, p = 0.01) and that predicted
negative feelings if found to be a carrier were
lower in students who had a high knowledge level
(X34 = 21.6, p < 0.01). The current study showed
no such associations between knowledge level and
gender or predicted negative feelings [(¥> = 3.2,
p=0.07) (x%df = 3.2, p = 0.2) respectively].

The most frequently reported predicted feeling
if found to be a carrier was fear, with 17.1%
of students from the previous study and 22.3%
of students from the current study stating that
they would be scared if they found out they were
carriers (Fig. 6). Students from the current study
were significantly more concerned than students
from the previous study for three out of the six
predicted feelings. They were: (i) worried about
their own health (x> = 9.16, p < 0.01), (i1) would
feel angry (x> = 6.6, p = 0.01), and (iii) would
feel less confident (x> = 16.0, p < 0.01). There
was no difference in predicted feelings between
males and females in the previous (x%dfz 1.4,
p = 0.5) or the current study (x5, = 3.5, p = 0.2).

Discussion

This is the first study to evaluate a seven-condition
carrier screening programme performed in Ashke-
nazi Jewish high schools and to compare the
effects of multi-disease screening to single-disease
screening. The majority of students participating
in this study was in the second last year of high
school and of Ashkenazi Jewish decent. Students
stated that the desire to know their carrier sta-
tus was the most influential factor in the deci-
sion to have screening. The expansion of the pro-
gramme to screen for an additional six conditions
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Fig. 6. Comparison of students’ predicted negative feelings if found to be a carrier in the previous and current study. *p < 0.05
for comparison of predicted feelings in current vs previous study using x> test.

has resulted in a decrease in knowledge levels and
an increase in predicted negative feelings.

The current programme experienced high
uptake, with only two students declining the offer
of screening. The uptake has greatly increased in
the current study (99%) compared to the previ-
ous study (67%) (5). This is largely due to the
introduction of cheek brush swabs to collect DNA
sample compared to blood tests. In the previ-
ous study, the students’ main reason for declining
screening was the fear of needles, with 41% of
decliners stating that they would have had screen-
ing if a cheek brush test was offered (5). When
comparing the impact of sampling on test uptake
it was shown that 96% of students had testing
when a cheek brush test was offered compared to
85% who were offered blood tests (12). Higher
uptake and lower anxiety were shown with the
use of cheek brush sampling compared to blood
tests (12).

In 1973, an evaluation of a population-based
carrier screening programme for TSD in Montreal
revealed that high school students had the high-
est uptake followed by University students and
then couples in the community (10). High school
screening for TSD has been offered in Montreal

for over 20 years with higher participation rates
than among adults (16,17).

The level of knowledge in the current study
was relatively low, with only 4 out of the 10
questions being answered correctly by more than
50% of students. Knowledge in regard to the
specific conditions screened for, excluding TSD,
was lowest. This is most likely due to the fact that
the education session only briefly introduced the
various conditions, focussing mainly on TSD as a
model for carrier screening. Knowledge of general
genetic concepts, including recessive inheritance
and residual risk, decreased compared with that
when screening was offered for TSD only. The
information provided in the education session in
the current programme is almost the same as
what was presented when only TSD screening was
offered, with the difference being the addition of
five extra slides and an A4 flyer on the six other
conditions that screening is now offered. Students
who participated in the current study may have
a lower level of general genetic knowledge due to
the increase in information provided on the specific
conditions.

There have been few studies comparing knowl-
edge level with the number of diseases screened. A
prenatal carrier screening programme in a medical
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genetics referral centre in New York which offered
triple disease screening for TSD, Gaucher disease
and CF showed high knowledge retention after
education session (18). In the TSD carrier screen-
ing programme conducted in Sydney high schools,
the knowledge levels remained high after the addi-
tion of CF to the test panel in 1998 (6).

Although there were no differences in anxiety
as measured by the STAI measure between those
offered screening for TSD alone and those offered
screening for seven conditions, predicted negative
feelings if found to be a carrier for one or more of
the conditions screened increased compared with
when screening was only offered for TSD. More
students in the current study predicted feelings of
anger, reduced confidence and worry in regard
to their own health if they were found to be a
carrier. This increase in predicted negative feelings
may be due to the increased number of conditions
screened, as it increases the chance of being a
carrier for one of the conditions, or may be due
to the lower level of knowledge among students in
the current study.

Knowledge level was a significant factor in
predicted negative feelings in the Sydney-based
programme, with students having a lower level of
knowledge predicting increased negative feelings
compared to those with a higher knowledge
level (6). In another study, approximately half
of the students identified as carriers expressed
feelings of worry and depression (19).

The main reasons students had screening were:
the desire to know their carrier status, the test is
easier to be done now rather than later, and the
test is currently free. Knowledge of carrier status
was also the most influencing factor for having
screening when it was offered for TSD only. In
contrast, students in the original study who were
only offered TSD carrier screening did not find
‘easier now than later’ as an influencing factor on
the decision to have screening (5). This is most
likely due to the use of blood tests to collect DNA
samples, as the previous study that offered testing
via cheek swab reported that the main reasons
for screening were knowledge of carrier status
followed by convenience, with blood testing being
reported as a deterrent (12).

The fact that having screening is promoted as
‘a good thing to do by the Jewish community’
was likely to be a more influencing factor in the
current study, than that when only TSD screening
was offered. The operation of this screening
programme over the last 10 years has increased
education and awareness in the Jewish high
school community, resulting in carrier screening
being widely accepted (20). One of the concerns

Carrier screening in Askenazi Jewish high schools

of screening in the high school setting is the
influence of peer pressure on the decision to have
screening (10). In the current study 32.7% of
students stated that their friends having undergone
the test influenced their decision to undergo
screening. This is high compared to students in
a high school haemochromatosis carrier screening
programme, with only 0.8% of students reporting
that their principal reason for having the test was
because all there friends were (21). An important
difference between these studies is that in the
haemochromatosis study, only one answer could
be given, whereas in the current study, the student
could provide more than one answer to this
question.

The programme is effectively reaching its target
population with the majority of students in the
study being of Ashkenazi Jewish descent, although
Ashkenazi Jewish students at non-Jewish high
schools will not receive an offer of screening.
Screening in high school is the only setting in
which the majority of the target population can
be offered screening (22). All students in Jewish
high schools in Victoria are offered screening
through the Ashkenazi Jewish carrier screening
programme.

The majority of students stated that they had
enough information to make a decision in regard
to having testing, with only 13 students seeking
further information before making their decision.
Although students felt they had enough informa-
tion, their knowledge of genetics and the condi-
tions for which they are screened indicated that
for many students, knowledge was inadequate to
make a truly informed decision. This is an interest-
ing paradox. It may be that students perceived the
overall notion of screening as worthwhile and did
not believe that the level of knowledge assessed
by the questions was necessary for them to make
a decision about whether or not to have screening.

One of the major criticisms of screening in high
schools is the ability of high school students to pro-
vide informed consent (23). Although studies have
shown that students of this age are capable of mak-
ing educated decisions, the students in this study
were not well informed in regard to basic genetic
concepts and the conditions for which they are
being screened. It is notable that studies of screen-
ing programmes in adults such as mammography
and cervical cancer screening have demonstrated
poorer knowledge to that of the students in the
current study (24,25). As noted below, although
proper informed consent is an ideal that should be
aimed for, it may not be possible as the number of
conditions screened for increases.
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In conclusion the current programme is effective
with high uptake, low predicted negative feelings
and high knowledge level as compared to adult
screening programmes. However, increasing the
number of conditions for which they are screened
resulted in a decrease in knowledge and an increase
in predicted negative feelings if found to be a
carrier. As carrier screening becomes available for
more conditions and becomes more affordable, it
is likely that multi-disease screening programmes
will become much more common. Notably, a
company in the United States recently released a
direct-to-consumer test that screens for 100 genetic
conditions at a cost of $349 per test (26). It is
likely that truly informed consent may not be
possible for many potential participants and that
the focus of education and counselling will need
to be directed to carriers identified.

Further study into effective educational tools for
multi-disease screening would be useful to ensure
students are making informed decisions in regard
to screening in the current programme. A follow-
up study of students identified as carriers through
this screening programme conducted in Jewish
high schools is underway to ascertain their views
on the programme, knowledge of the condition,
recollection and understanding of carrier status
and the influence the test result had on entering
relationships and reproductive decisions.
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4.4 Further Conclusions

As carrier screening has become available for more diseases and is
growing increasingly more affordable, it is important to determine the effects of
screening for multiple diseases.

This research is timely as the GHSV population-based CF carrier screening
program is expanding in 2013, to include carrier screening for fragile X syndrome
and spinal muscular atrophy. Also an American company, Counsyl, has recently
released a direct to consumer test that screens for more than 100 genetic
conditions, including the diseases common amongst Ashkenazi Jews.?®

While offering direct to consumer testing for multiple conditions increases
accessibility and may reduce the incidence of these conditions, potential
consumers may not be making informed decisions in regards to testing. This has
been shown in the current research with knowledge decreasing as the number of
conditions screened for increases. Therefore, truly informed consent may not be
possible and post-test information to carriers will become the point at which

specific information is provided.
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Chapter 5

Population-based carrier screening

for cystic fibrosis
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Addendum

p 55 para 5: Comment: studies were not excluded if they offered CF carrier
screening in addition to other genetic conditions. However, studies were excluded

if screening was offered to targeted populations such as the Jewish community.

p 56 para 4: Comment: The term preconception carrier screening, for the

purpose of this review, refers to screening outside of pregnancy.

p 73: Table 3: Insert the following into the Table to provide relevant data for the

Netherlands.

Country Setting Uptake (%) References
The Netherlands Prenatal 89-91% 22
Preconception 2-25% 32,33, 34,89
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5.2 Cystic fibrosis

Cystic fibrosis (CF) is the most common, severe, autosomal recessive
condition among individuals of Northern European decent, with a birth prevalence
of approximately 1 in 2,500-3,500 live births and a carrier frequency of

approximately 1 in 25.1°

5.2.1 Genetics

The cystic fibrosis transmembrance conductance regulator (CFTR) gene
was discovered in 1989.!% The CFTR gene encodes a chloride channel that is
largely expressed in the epithelial cells of various organs including the lung,
pancreas, liver, sweat ducts, male reproductive tract and digestive tract.®° The
CFTR protein maintains ion and water homeostasis in the apical membrane of the
epithelial cells.’!

CF is the result of mutations in the CFTR gene causing loss or impairment
of chloride channel function. The absence of channel activity results in altered
homeostatic ion and water regulation at epithelial surfaces and altered
macromolecular secretions, such as mucins.?% 8! The effects are most severe in
the ducts of the pancreas and airways of the lungs.®!

More than 1,900 gene alterations have been identified since the gene was
discovered.!® Mutation frequency is dependent on ethnic population, with different
mutations being more common in different ethnic groups. The most frequently
occurring mutation in the Northern European population is a single codon deletion
p.F508del, which accounts for approximately 66% of all mutations found.?

The discovery of the CFTR gene made carrier screening for CF possible.
Screening with a panel of the 23 most frequently occurring mutations identifies
approximately 88% of carriers in the Northern European population.®? Test

sensitivity depends on ethnicity and the mutation panel used.

5.2.2 Clinical manifestation

Due in part to allelic heterogeneity the clinical features of CF vary, with
some described as typical and others as atypical. The typical features of CF, seen
in the majority of affected individuals, are chronic suppurative lung disease,
pancreatic exocrine insufficiency and elevated sweat electrolytes.

In the respiratory system the accumulation of mucus in the airway leads
to bronchial obstruction and microorganism colonisation. This evolves into

progressive suppurative lung disease and deterioration of lung function.®! Chronic
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suppurative lung disease affects nearly all people with CF, is progressive and is
the major cause of mortality.®°

Gastrointestinal symptoms may present earlier than respiratory symptoms
with intestinal obstruction in-utero called meconium ileus. This occurs in 15-20%
of newborns. Most people with CF also have lifelong issues with recurrent
constipation and abdominal pain and some develop distal intestinal obstruction
syndrome. The other key clinical issue is failure to thrive due to pancreatic
exocrine insufficiency. The pancreatic excocrine insufficiency is due to mucus
build-up in the pancreatic ducts compromising the release of digestive enzymes
and resulting in autolysis of the pancreatic acinar tissue. This affects 85-90% of
people with CF.8° In addition to the impact on growth and weight gain there are
secondary complications such as malabsorption of fat soluble vitamins. With
disease progression there is loss of pancreatic islet cells with reduced insulin
production, and increased insulin resistance that manifests as CF related
diabetes. This affects approximately 40% of adults with CF. Another
gastrointestinal feature of CF is biliary cirrhosis that in some cases can cause liver
failure.®?

Other clinical systems of CF involve the reproductive system. Infertility is a
typical feature of CF in affected males due congenital bilateral absence of the vas
deferens.®* While most affected males have normal sexual function, the sperm
cannot travel from the testes through the vas deferens resulting in infertility.®®

The progression of CF is not uniform amongst affected individuals with
environment, ethnicity, gender and age of diagnosis all playing a role. Due to the
variable clinical progression the survival of people with CF is usually expressed as

a median and is currently 37 years.!!

5.2.3 Diagnosis

The sweat test is the standard tool to diagnose CF. Impaired chloride
channel function in the sweat ducts causes impaired reabsorption of chloride and
sodium leading to an elevated concentration of chloride and sodium in sweat.®*
The test stimulates sweat production and measures the level of chloride and
sodium present. Elevated levels of chloride >60 mmol/L are diagnostic of CF.%> 4

Historically the diagnosis of CF, by use of a sweat test, was made in
response to clinical symptoms. However, in 1979 newborn screening (NBS) for CF
was developed making the diagnosis of CF possible prior to the development of
clinical symptoms.%® %> The benefits of NBS for CF include improved nutrition as

well as improved cognitive, respiratory and gastrointestinal function.®” It is also
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thought to be associated with improved life expectancy although this is not yet
proven.*

NBS for CF involves the measurement of immunoreactive trypsinogen
(IRT), with an elevated level of IRT (>99™" percentile) leading to further testing.
There are a number of different screening paradigms, but most centres that have
CF NBS use CFTR mutation analysis, using a panel of the most frequently
occurring mutations in the population tested.'* A diagnosis of CF is made if two
mutations are identified, although generally confirmed by sweat test or
identification of characteristic clinical features. If only one mutation is identified a
sweat test is performed. Those infants with a positive result have CF (and have a
second, unidentified CFTR mutation) and those with a negative test are healthy
carriers. Infants with an elevated IRT but no mutations have a low risk of having
CF and are considered NBS negative. The diagnosis of CF is usually made by 3-6
weeks of age.*®

Parents of an affected newborn identified by NBS are a high risk carrier
couple. These couples receive genetic counselling and they have a number of
reproductive options for future pregnancies including: no further children,
adoption, prenatal diagnosis or donor gamete and preimplantation genetic
diagnosis. The parents of carrier infants should also receive genetic counselling as
some may be carrier couples, and their wider family may benefit from cascade
testing.®®

NBS for CF is now routine in many countries, including the United States,
the United Kingdom, Australia and New Zealand and in many parts of Europe.®’
More countries are expected to follow this trend and include CF in their NBS

programs.

5.2.4 Treatment

There is currently no cure for CF however current treatments delay the
progression of serious complications. Daily treatments are rigorous. They involve:
chest physiotherapy, by percussion and use of various breathing devices, to clear
the airways of the lungs; antibiotics and anti-inflammatory drugs to treat
respiratory infections; and pancreatic enzymes and a controlled diet to maintain
growth and nutrition.®?

Regular hospital admissions are often required to provide intensive
physiotherapy, intravenous antibiotic treatment and nutritional support.®® Lung
transplantation is a possibility for some affected individuals with end stage lung
disease. The outcomes of lung transplant in individuals with CF are continually

improving, however the six year survival post transplantation is still only 50%.%°
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Treatment has significantly advanced over the last 20 years with the
development of CF specific medications, improved infection control measures,
new devices to clear airways and improved nutritional support.”° These advances
in treatment together with early diaghosis have lead to an improved median
survival rate of 37 years, with the prediction that this will be increased for

newborns recently diagnosed.!!

5.3 Carrier screening

5.3.1 Cascade testing

Testing directed towards individuals who are at increased risk of being
carriers because they are relatives of individuals either diagnosed with CF or
identified as CF carriers is known as cascade testing. Cascade screening is widely
recommended by leading genetic and screening groups world-wide
recommending that CF carrier screening be made available to those who have a
family history of CF.% 2

Cascade testing is highly accurate and more sensitive than population
carrier screening as the familial mutations are known.'® However, the efficacy,
which is defined as the total humber of carriers identified in a population, is much
lower in cascade screening than in population screening for CF.'” This is due to
the fact that more than 95% of carrier couples identified through newborn
screening have no family history of CF.*® 1°

Cascade testing relies on the communication of genetic information. Most
often the communication to extended family and relatives who are at increased
risk is by carriers, individuals diagnosed or their parents.!® It has been shown that
cascade testing is associated with low uptake, with only 12% of relatives per

proband being tested.®

5.3.2 Population screening

Population-based carrier screening aims to offer testing to as many
individuals as possible regardless of family history so that these individuals can
make an informed choice about whether or not to have screening.. Carrier
screening for CF satisfies the WHO requirements that justify population
screening.” In the USA and Australia, guidelines have been released
recommending that all preghant women and couples planning a pregnancy be
offered, or made aware of the availability, of CF carrier screening.?* 2°
The following paper is a systematic review of 23 years of research on

population-based carrier screening for CF.
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Preface

Cystic fibrosis (CF) is the most common, severe, autosomal recessive disease with
a prevalence of 1 in 2,500-3,500 live births and a carrier frequency of 1 in 25 amongst
Northern Europeans. CF population-based carrier screening has been possible since CFTR,
the disease-causing gene, was identified in 1989. This review provides a systematic
evaluation of the literature on population-based CF carrier screening from the last 23 years
focussing on: uptake of testing; how to offer screening; attitudes, opinions and
knowledge; factors influencing decision-making; and follow-up after screening.
Recommendations are given for the implementation and evaluation of future carrier

screening programs.
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Introduction

It has been 23 years since the discovery of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene in 1989, which made possible carrier screening for
cystic fibrosis (CF).! CF is the most common, severe, autosomal recessive condition in
those of Northern European ancestry, with a prevalence of 1 in 2,500-3,500 live births and
a carrier frequency of 1 in 25.2 Mutations in the CFTR gene result in reduced or absent
CFTR channel function in epithelial cells of the lung, pancreas, liver, sweat duct, male
reproductive tract and digestive tract.’? More than 1,900 gene alterations have been
identified, with p.F508del the most frequently occurring mutation in the Northern European
population accounting for approximately 70% of all mutations present.?

Chronic suppurative lung disease is the most severe feature of CF and is largely
responsible for reduced life expectancy. There is currently no cure for CF and the median
survival is 37 years.® Treatment involves daily chest physiotherapy, regular antibiotics,
pancreatic enzyme replacement, vitamin and salt replacement and a controlled diet.* Lung
transplantation is possible, although the six year survival post transplantation is 50%.°
Diagnosis of CF by newborn screening (NBS) is routine in many European countries, as
well as the United States, Australia and New Zealand.® Parents of children diagnosed with
CF through NBS are identified as carrier couples and many of these have no further
children or use prenatal diagnosis for subsequent pregnancies. ®

Carrier couples may also be identified through population-based carrier screening,
the aim of which is to offer testing to as many individuals as possible regardless of family
history. In the USA, guidelines recommend that CF carrier screening be offered to all
pregnant women and couples planning a pregnancy.’ In Australia there have been similar
recommendations.® In the UK, Canada and France population-based carrier screening for
CF is not currently recommended, and is generally only offered to those who have a family
history of CF and to partners of individuals with CF. The UK National Screening Committee
is currently reviewing their policy on screening for CF carrier status during pregnancy.’®

Some major issues with regard to implementing routine CF carrier screening in the
general population include: accessibility; how best to provide education and counselling;
perceived relevance in the absence of a family history; carrier detection rate; and the
psychological impact of being found to be a carrier.

Therefore, it is timely to review the available evidence on population-based CF
carrier screening. This review provides a systematic evaluation of the literature from the

last 23 years.

Methodology
Search Strategy

The following electronic databases were searched (latest search date: 31 October
2012): Medline (1950-present), Embase (1980-present), CINAHL, PsychINFO, The
Cochrane Library. A detailed search strategy for each database is available upon request

from the authors.
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Search terms were keywords and relevant medical subject headings (MeSH) for
cystic fibrosis, genetic carrier testing or screening. Search terms, combined with the term
‘cystic fibrosis’, were: carrier testing, heterozygote detection, screening, genetic research,
medical genetics, population genetics, pregnancy, prenatal diagnosis, preconception care,
behaviour, psychological processes, attitude to health, genetic counselling and genetic
risk. Reference lists of identified papers were examined, and citations were tracked for any
potentially relevant additional studies.

The search outputs were managed using Endnote (version X).

Criteria for inclusion

The focus of this article is peer-reviewed original research in which participants
were either offered CF carrier screening, were asked to consider a hypothetical offer of
screening or their views were sought in regard to CF carrier screening.

The areas reviewed are:

1. Attitudes to screening: studies assessing attitudes of participants/potential participants,
formally or informally, towards population-based screening for CF.

2. How to offer screening: studies exploring the method of offering CF carrier screening.
3. Uptake of screening: studies measuring the number of individuals/couples who accepted
or declined an offer of CF carrier screening.

4. Factors influencing decisions about screening: studies determining barriers and
facilitators in regard to having CF carrier screening.

5. Knowledge: studies reporting knowledge of CF and genetic screening at any point prior
to, during, or after the screening process.

6. Outcomes and follow-up of screening for cystic fibrosis carrier status: studies reporting
outcomes of screening in terms of recalling/understanding carrier status, screening of
partner, current/future reproductive behaviour and dissemination of information to family
members.

7. Psychological factors: studies exploring psychological effects on participants involved in
screening for CF carrier status.

Key findings of the studies and experiences are described in this review.

Criteria for exclusion from review

Non-English language articles and studies not generating any original research
data, such as editorials, opinions, commentaries, and reviews, were excluded from the
review. Studies in which diagnostic testing such as NBS, as opposed to carrier testing, was
conducted and studies focusing on laboratory aspects of screening, rather than clinical
aspects, were also excluded.

Assessment for potential inclusion of studies

Three reviewers (BM, LI and LF) independently assessed the studies based on title

and abstracts for inclusion or exclusion according to the criteria outlined above. Another

reviewer (SM) was available to resolve any potential differences.
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Data extraction

Data collected from the papers included: first author name, year, title, country,
aim/hypothesis of study, participant characteristics, study design, sample size, measures
used, key results and conclusions.
Data analysis

Analysis of categorical variables was undertaken using x? analyses. A p-value
<0.05 was considered statistically significant. Meta-analysis was not possible due to

heterogeneity of studies.

Results

The search yielded 15,982 references and after duplicates were removed, 14,761
remained. A total of 85 references met the inclusion criteria for data extraction (Figure 1)
(see Supplementary information S1 (Table 1)).

All the papers were published after 1989: 31 (37%) from the UK, 21 (25%) from
the USA and 8 (9%) from Australia. Sixty-four (75%) papers involved actually offering CF
screening, with 34 (40%) focusing on prenatal screening and 26 (31%) on preconception
screening. The remaining 25 (29%) either did not specify between the two settings or
provided screening in both. For the purposes of the review we have referred to participants
in the latter studies as general population (Table 1).

During data extraction the papers were coded into the seven areas of interest, with
some covering multiple areas (Table 2). The number of papers was relatively evenly
spread across these areas. The highest number of papers (n=40) reported ‘uptake’ (47%)
and the least number of papers (n=17) evaluated *how to offer’ of screening (20%). In
this review, the descriptions of the areas of interest are organised according to the way
screening is usually offered (Figure 2).

When comparing studies that offered screening and those in which screening was
hypothetical, studies in which screening was offered were more likely to measure:
knowledge (x?=24.79, p<0.01); outcomes and follow-up of screening (x?’=15.77, p<0.01);
and psychological factors associated with screening (x°=10.35, p<0.01).

Attitudes towards carrier screening for cystic fibrosis

Assessing attitudes of the target population towards population-based carrier
screening for CF can inform likely interest in and uptake of screening. In the general
population, 60-100% believed screening for CF carrier status should be made available!®®
and 80-96% felt it should be routinely offered.”° There were, however, some
reservations reported about the widespread offer of screening, and its perceived
systematic implementation by governments.!% !* The best time to offer screening was
believed to be to individuals of reproductive age, prior to pregnancy or when planning a
pregnancy.'? 12 2% The general population believed results of screening would influence
their reproductive decisions.'% 21 22 Interest in screening was high: 54%-80% of the

d19, 22-24

general population were intereste although interest differed depending on life

stage with those of reproductive age showing more interest than those who had finished or

are yet to start their family®® 2% 2>,

56



Population-based carrier screening for CF can be implemented at various life
stages including: neonate, school age, reproductive age, when planning a family or during
the early stages of pregnancy. The majority of studies in which attitudes were measured
showed that individuals of school age had positive attitudes towards screening for CF® 26
8 with 86%-96% believing such screening should be available!® 2% 2% and 40%-59%
stated that the best time to offer screening is before pregnancy.?” ?® However, most
studies showed that the majority of those questioned did not want to have screening while

at school.!® 24 27

Non-pregnant women and couples planning a pregnancy had positive attitudes,3°3*
with 69%-89% believing that CF carrier screening should be routinely offered to all
couples planning a pregnancy.3® 32* pregnant women had similar attitudes towards
screening.?*3° Ninety-eight percent of pregnant women believed the best time to offer
screening is prior to pregnancy,?® while 69% indicated they would accept an offer of
screening during pregnancy and 67% would utilise prenatal diagnosis.?* Attitudes of
pregnant women towards screening have been shown to be influenced by perceived
susceptibility as well as barriers to and benefits of screening, with barriers having the most
negative impact on attitudes.*°

How to offer of cystic fibrosis carrier screening

Determining the most effective approach to provision of information and the offer
of screening is essential to ensure maximum opportunity for participation and informed
decision-making.

Between 50%-94% of the target population preferred to receive an offer of CF
carrier screening, pre-test information and counselling from a general practitioner (GP).1?
15.24,37,41 A consultation with a GP resulted in higher uptake of screening: 25% uptake in
couples planning a pregnancy compared with only 9-12% uptake when invited to attend a
dedicated group information session.33 34

When exploring the method of offering testing, 39%-70% of the target population
preferred to be offered testing in person rather than receiving the offer via a letter or
brochure.** ** How information is provided has been explored, with 77%-96% reporting
brochures/information leaflets as useful.l* 214144 45 The main source of information
potential participants wanted to receive was information about CF and screening, in
particular risk of being a carrier and having a child with CF.*®

Written and audio-visual information were found to be equally effective.*” There
was no difference in knowledge for those who received pre-test information from an
interactive computer program compared to a genetic counselling session.*® However, one
study showed presenting a videotape in addition to a leaflet resulted in significantly higher
knowledge than when only a leaflet was provided.3®
Uptake of cystic fibrosis carrier screening

Uptake was reported in the included studies as the percentage of individuals/
couples who accepted an offer of CF carrier screening of the total number of individuals
/couples offered. Uptake ranged from 46-99.8% in the prenatal setting, 2-96% in the

preconception setting and 8-17% in the general population (Table 3).
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49, 50

Uptake was higher for females compared to males, and the screening

approach, whether couples were screened as a unit (couple screening) or individually
(stepwise screening), did not influence uptake.®!: 52
Factors influencing decisions in regard to cystic fibrosis carrier screening

Factors that influence the decision to accept or decline an offer of CF carrier
screening have been explored in various studies. Gender, ethnicity, parity, future
reproductive plans, income and level of education were all factors that influenced the
decisions regarding CF carrier screening. Affluent, Caucasian women with high education
who had no children and were planning future pregnancies were most likely to accept an
offer of screening.*® 66 % 70 | ife stage was also shown to be important in decisions about
screening, with studies showing lower interest from individuals preconceptionally
compared to those already pregnant.'®* !> Although a study exploring the decision-making
of pregnant women regarding an offer of screening concluded that pregnancy is not the
best time for informed decision-making, pregnancy had a powerful influence on the
decision-making process.”?

The main factors that arose when exploring the reasons for accepting and declining
an offer of screening are shown in Table 4. Other factors that influenced the decision to
accept screening were: ease of test procedure; individuals feeling they could not refuse
the offer; would regret not having screening; perceived importance of test; perceived
positive consequences; perceived fewer barriers; and perceived less difficulty informing
relatives.?% >3 72 Other factors that influenced the decision to decline an offer of screening
were: concern about test sensitivity; not wishing to be tested during pregnancy; not
wanting to know; insurability; limited knowledge; the requirement of a blood test; and
religious beliefs.1% 3%/ 73
Knowledge of cystic fibrosis and genetic screening

Evaluating knowledge of CF and CF carrier screening can assess
individuals’/couples’ informed decision-making in regard to accepting or declining such an
offer. Knowledge has been tested at various points during the screening process: prior to
receiving information, after receiving information and after receiving test results. Testing
knowledge prior to receiving information is indicative of the general knowledge held by the
population. Many studies have shown that initial knowledge of CF and CF carrier screening

10, 12, 21, 22, 24, 28, 29, 60, 79

is low, with gender and education significantly influencing

knowledge level:1% 47: 80

well educated women had higher knowledge scores. Secondary
and tertiary students tended to have a higher level of knowledge compared to those in the
general population.?’?% 8 In general, the studies showed that participants were unaware
that CF is an inherited condition,'? 2 2% >3 did not know CF affected the lungs,% 2 7 were
unaware that the majority of carriers do not have a family history of CF!® 217 and thought
carriers had symptoms of the disease.”® Knowledge levels increased after receiving
information on CF and screening.?® 2% 6% 72:80 gne study found that those who declined
screening had a lower level of knowledge than those who accepted.??

Evaluating knowledge after receiving the test result has shown that carriers of CF

had a higher level of knowledge compared to non-carriers.?% 4% 7281 Knowledge decreased

58



with the time elapsed since the test,®! although this may only be the case for non-carriers
with no decrease in knowledge observed for carriers three months after testing.”?

The majority of those screened did not understand the concept of residual risk for
future pregnancies believing that a negative test result meant they had no chance of
having a child with CF.*® 8 8185 The residual risk is due to the fact that screening is less
than 100% sensitive.®® 8185 While the majority of non-carriers understood the meaning of

their carrier status, some believed that they were definitely not a carrier,2% 42 47, 50, 52-54, 58,

65-67, 86,87 and some carriers believed they had no risk of having a child with CF due to their
partner’s negative test result.”> 8 The confusion in regard to residual risk may have
implications for the carrier if they are to change partners in the future.
Outcomes and follow-up of screening for cystic fibrosis carrier status

Studies involving the follow-up of CF carrier screening were undertaken at various
time points ranging from two weeks to three years after testing and explored recollection
and understanding of carrier status, testing of partner, impact on current and future
reproductive plans, as well as the dissemination of information to other family members.

The majority of carriers and non-carriers correctly recalled their carrier status,*’+ 5% 65 81. 87,

88 with carriers more frequently recalling their carrier status compared to non-carriers.?% ¢
84,86, 89 Nevertheless, some carriers believed they were only likely to be carriers of CF.*% 5%
66, 81, 86

Individual carrier status did not affect reproductive intentions or behaviours, with
carriers not altering their reproductive plans after receiving a positive test result.>® 61 65 82-
84,86, 89 gcreening of partners of carriers to determine risk of having a child with CF had an
uptake of 61%-100%,2% 36 52/ 36, 61,64, 87,90-92 \yjth reasons for partners not being tested
stated as: anxiety about result; would be tested when planning to start a family; would
not alter reproductive plans; and had no further reproductive plans.®' 8’ When participants
were asked to consider their reproductive intention if they were found to be a carrier

10, 65

couple the majority stated that they: would not have (more) children, would utilise

10, 52, 65

prenatal diagnosis in future pregnancies, were unsure or would not terminate an

affected fetus.?®> >% >3 In actuality, 80-100% of carrier couples identified utilised prenatal

38, 39, 41, 51, 56, 57, 60-62, 64, 83, 88, 91 and the majority terminated an affected fetus.3®

diagnosis
51, 56,57, 60, 64, 83, 88, 91 o)y one study reported the continuation of an affected pregnancy,
with the carrier couple having twins who were both identified as affected.®

The dissemination of information from carriers to other family members about
increased risk is often evaluated when exploring the outcomes of screening. The majority

20, 68, 72, 82, 84, 87,90 |\ (ot

of carriers reported informing relatives of their carrier status,
frequently to parents and siblings.®”" °% 9 While level of dissemination was high, little is
known about testing rates of family members following population-based carrier screening.
Psychological factors associated with screening for cystic fibrosis carrier status

Concerns have been raised over the potential psychological harm of population
screening for CF carrier status. While there was an increase in anxiety upon receiving a
positive test result*? 50 56 84,87, 92 thjs dissipated once partners were tested and found to

61, 65

be negative,®® 8 °2 following genetic counselling, or after a period of 3 months or
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more. %% 50 61, 65,82, 87 \yhile anxiety appeared to be transient amongst carriers, 15-24%
stated they were still worried or anxious about their test result 3-6 months after testing.®

89 There was no significant difference in anxiety between carriers and non-carriers®”: 3% 57

61,85 and between those who were screened and those not screened.®?

Upon receiving test results, the majority of those screened were reassured while
some were slightly apprehensive.*> Most carriers expressed feelings of surprise, shock and
worry upon receiving their positive test result,>* ¢ %0 while some expressed negative
feelings and troubling thoughts.?* All individuals screened attributed negative feelings
about being a carrier, while carriers attributed positive feelings about themselves but
negative feelings about other carriers.®! A study involving secondary school students
showed a marked increase in uncertainty regarding feelings of concern and self-esteem,
after receipt of test results.?® Some studies showed that carriers perceived their current

health to be poorer than non-carriers®® 8°

although other studies showed no difference
between carriers and non-carriers for past, present and future perception of health.>” 8
Despite these reports, 83%-97% of those screened, including carriers, felt that they made
the right decision and would make the same decision again®® 3* 5% 61 with only 2%-12%

stating that they were unsure or regretted their decision to have screening.%' 8

Discussion

The available studies of population-based screening for CF carrier status have
positive implications for the routine offer of screening to pregnant couples, couples
planning a pregnancy and individuals wishing to know their carrier status. The review
demonstrates for the majority of studies: positive attitudes towards the routine offer of CF
carrier screening; high uptake of screening in a prenatal setting; correct recall and
understanding of carrier status; high rate of testing of carrier’s partners; willingness to
inform family members and relatives of increased risk if found to be a carrier; and no long
term psychological harm. Understanding residual risk was poor in many of the studies
evaluated in this review.

These studies are heterogeneous in a humber of ways, including: the setting in
which screening was offered; populations who were offered screening; the cost of the test;
how testing was offered; pre-test counselling; pre-test information; disclosure of test
results; and post-test counselling. In addition, a number of the studies involved
hypothetical screening, therefore while the results are still important in determining
predicted attitudes and behaviours towards screening these might change upon receipt of
an actual offer of screening. While there is some difficulty in comparing these studies a
great deal can still be learnt.

The discovery of the CFTR gene in 1989, enabling carrier screening for CF to take
place, sparked a rise in research with the majority of studies included in the review
published in the 1990s. Most were conducted in the USA, in line with recommendations for
the routine offer of CF carrier screening there. However, since its implementation there
has been limited evaluation. A smaller number of studies were based in the UK, which is

currently reviewing their advice to not recommend routine screening. These UK studies
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often reported psychological factors in response to a policy recommendation to gather
further data on the psychological consequences of carrier detection.®®

Uptake rates are an important evaluation tool of screening programs. However, in
a number of the studies included in this review uptake rate could not be reported because
the overall number of individuals or couples who were offered screening was not recorded.
Generally, uptake of CF carrier screening was higher in those who were pregnant at the
time of offer compared to those who were not pregnant or the general population.
Screening was perceived as more relevant during pregnancy, with some non-pregnant
individuals of reproductive age stating that they would not accept screening at this life
stage.”’ 15, 27

When determining attitudes and opinions towards the offer of screening, most

studies showed that potential participants would like to receive an offer of screening as
well as pre-test information and counselling from their GP, and would prefer a direct offer
rather than a passive offer. An information leaflet or brochure on CF carrier screening was
perceived to be useful in addition to the face-to-face information. While this review did not
report on the attitudes of health professionals towards CF carrier screening, studies have
shown that they perceived various practical barriers to the offer of screening. A recent
study by Stark et al. (2012) showed that barriers identified by Australian obstetricians in
regard to routinely offering genetic (not just CF) carrier screening were: time constraints,
costs, and availability of supporting services.’® Health professionals are often the
gatekeepers of screening and their attitudes, opinions and knowledge regarding screening
are significant in the effectiveness of offering population-based screening for CF carrier
status. This is borne out by a humber of studies that have shown that doctor’s
recommendation is an influencing factor in accepting screening.* 2% 6270

Potential participants believed the best time to have CF carrier screening is prior to
pregnancy, as identification of carrier couples preconceptionally provides the most
reproductive options as well as giving couples more time to make reproductive decisions
compared to prenatal screening. While this may be the most advantageous time to screen,
preconception screening was associated with lower uptake than prenatal screening due to:
lack of interest at this life stage; lack of preconception health care setting in which to offer
screening; and a large number of unplanned pregnancies.'® Offering carrier screening for
CF in high school has been proposed as it can reach a large proportion of the population.
High uptake has been associated with screening in Jewish high schools with 98% of Jewish
high school students accepting an offer of carrier screening for a humber of conditions
including CF.%” The delay in the use of information obtained from CF carrier screening in
high school is the main criticism of this approach and the American College of Medical
Genetics stated that carrier screening should ‘not be offered to adolescents as the
information is only relevant for reproductive planning’.’® Nonetheless, the adolescents
studied recalled their positive carrier status, had their partner tested and used this
information to make future reproductive decisions.®® Despite concerns that adolescents

identified as carriers of CF would face stigmatisation and discrimination from peers,
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adolescent carriers had few negative psychological effects as a result of knowing their
carrier status.®®

The majority of studies reported that willingness to accept an offer of screening was
associated with: wanting to know carrier status, high perceived susceptibility and avoiding
having a child with CF. The main factors associated with declining an offer of screening
were: low perceived susceptibility, would not terminate a pregnancy and lack of family
history of CF. More than half of the studies in this review exploring these influencing
factors did not involve an actual offer of screening. Therefore the majority of factors
mentioned are perceived to influence the decision for hypothetical screening but may or
may not actually influence decisions when faced with an offer of screening. Increasing
acceptance of CF carrier screening could be achieved by increasing knowledge, as
perceived susceptibility and perceived severity appeared to be the main themes amongst
the influencing factors. For example, absence of a family history of CF as a reason for
declining screening highlights a lack of knowledge because the carrier rate is 1 in 25 and
most children with CF are born to couples who do not have a family history.°

Henneman et al. (2001) found that those who declined screening had lower
knowledge than those who accepted screening.??> Knowledge of CF and screening has been
shown to be low prior to screening, but improves after screening. A potential reason for
this increase may be the perceived relevance of that information, particularly if found to be
a carrier. Provision of post-test counselling is likely to also improve knowledge, with
carriers usually receiving more follow-up than non-carriers.?°

Lack of knowledge and understanding of residual risk has been one of the major
issues to arise from this review. While carrier screening for most diseases has a test
sensitivity of close to 100%, CF carrier screening has a test sensitivity of approximately
80% among Northern Europeans when screening for 23 CFTR mutations each with a
frequency equal or greater than 0.1% in the CF population.? Individuals who obtain a
negative result for CF carrier screening therefore still have a residual risk of being a carrier
and having an affected child. This has led to confusion amongst non-carriers, and carriers
with a non-carrier partner, with some of these individuals believing they have no risk of
having a child for CF.

Studies have shown that approximately 70% of the target population in UK, USA
and the Netherlands stated that the results of screening for CF carrier status would
influence their reproductive behaviour.!® 2% 33 However, the review showed that the
majority of carriers would not change their reproductive behaviour as a result of their
carrier status unless their partner was also found to be a carrier.

An outcome of population-based carrier screening is the reduction of CF in the
population through the provision of reproductive choices to individuals and couples
identified as carriers. This is borne out by the majority of carrier couples utilising prenatal
diagnosis and terminating an affected fetus. NBS also identifies parents as carrier couples
and provides reproductive options for future pregnancies. In Australia, 67% of parents
identified as carriers through NBS chose to use prenatal diagnosis if having more children.®
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As judged by the number of infants with CF identified by NBS, the incidence of CF has
decreased since the implementation of CF carrier screening in Massachusetts.%!

The dissemination of information by carriers to family members is important as
they are at increased risk of being carriers of CF. This is particularly relevant if they are
planning a pregnancy, but less so if they are not of reproductive age, do not have a
partner or have finished reproducing.?’ While it is evident that most carriers stated that
they informed family members of their carrier status, a study by McClaren et al. (2010)
evaluating cascade testing after a child is diagnosed with CF through NBS showed that
identifying an individual as a carrier of CF usually results in an average of only 11% of
family members being tested.!%?

Psychological harm as a result of screening has been proposed as a barrier to the
implementation of population-based CF carrier screening. While there have been various
studies reporting anxiety and feelings of poorer health in carriers, anxiety was generally
transient and perception of poor health reflected a lack of knowledge. The majority of
studies reported no long term psychological harm, with the provision of counselling. This is
supported by Henneman et al. (2002) who reported that the potential psychological harms
associated with population carrier screening for CF are insufficient to warrant the refusal to
offer carrier screening to the general population in the Netherlands.®®
Conclusion

In conclusion, this review demonstrates that population carrier screening for CF is
generally associated with relatively high uptake, positive attitudes, correct recall and
understanding of carrier status as well as no long-term psychological harm. While barriers
to implementing CF carrier screening routinely in the population exist, they are not
insurmountable. There would appear to be no psychosocial reasons why population-based
carrier screening for CF should not become part of regular healthcare.

Despite the considerable heterogeneity between the included studies, there is now
a substantial body of evidence collected to inform programs. What is needed now are large
scale studies of ‘routine’ screening to evaluate in a real-world setting the perceived
benefits, harms, barriers and motivators, and behaviours that have been identified in the

literature so far.
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Table 1. Demographic characteristics of articles included in review

Demographic Category N %
Year 1989 2 2.4
n=85 1990-99 59 69.4
2000-09 20 23.5
2010-2012 4 4.7
Country UK 31 36.5
n=85 USA 21 24.7
Netherlands 10 11.8
Australia 8 9.4
Other 15 17.6
Screening Offered 64 75.3
n=85 Not offered 21 24.7
Setting Prenatal 34 40.0
n=85 Preconception 26 30.6
General pop. 25 29.4
Method of data Quantitative 59 70.2
collection Qualitative 7 8.3
n=84% Mixed 13 15.5
Evaluation 5 6.0

*Note: One study did not specify the method utilised

Table 2. Percentage and description of articles in each of the seven areas of interest

Category No. of articles Reference
n (%)
Attitudes 31 (36.5) 10-40
How to offer 17 (200) 12, 14, 15, 21, 24, 33, 34, 37, 39,
41-48
Uptake 40 (47. 1) 21, 31-36, 39, 41, 42, 51-55, 57-

63, 65, 66, 69, 72, 75, 80, 83, 84
Influencing factors 37 (43.5) 14-16, 20, 27, 30-36, 53, 55, 58,

61-63, 65, 66, 69-72, 74-78

KnOWIedge 25 (294) 16, 20, 21, 27, 32, 42, 48, 53, 60,
72, 79-85
Outcomes/follow-up 40 (47.1) 20,23, 36, 39, 41, 42, 51-54, 57

of screening 62, 65, 66, 72, 81-86, 88-91, 93

Psychological factors 23 (27.1) 20, 34, 39, 42, 53, 54, 57, 61, 62,

65, 81-83, 89, 90, 94
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Table 3. Uptake of screening for CF carrier status according to country and setting

Country Setting Uptake (%) References
UK Prenatal 62-99% R
Preconception 20-31% 49,58
General population ~17% 42,50
USA Prenatal 46-78% 39, 59-62
Preconception <2% 31,63
Germany Prenatal 99.8% 38
Denmark Prenatal 89% o4
Canada Preconception* 40% 67, 68
Australia Preconception* 42-75% 65, 66
General population 4-8% 65, 66

Note: * High school setting

Table 4. Factors influencing the decision to accept or decline an offer of CF carrier

screening
Decision Factors influencing decision Prenatal Preconception General
population
Accept Perceived severity of disease 20,74, 76
Avoid having an affected child 35, 36, 44, 45, 61, 62, 11,33
72,75
Want to know carrier status 35, 45,53, 72 iy 22 C 2, 77
Doctor’s recommendation 62 14,20, 70
High perceived susceptibility £y G 28, A
To be prepared 35,75
Reassurance 35,36, 61,72, 75
Willingness to have all tests 36,53
offered
Decline Low perceived susceptibility 35, 36, 61, 62,73
Lack of family history 16, 55, 78 14, 58,77
Would not terminate a 36, 44, 56, 61, 62,73
pregnancy
Opposed to prenatal diagnosis 38,78
No further reproductive plans L 77
Lack of time 3234 58
Partner’s opinion 36,73
Anxiety 35, 62 27
35,78 15, 63

Cost of test
Lack of interest at this life
stage

15

Note: For Supplementary Information see Appendix C
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5.4 GHSV CF carrier screening program

A CF carrier screening program was implemented in Victoria, in 2006, by
GHSV. Screening is offered in the private health sector for a cost of $220 per
test. There is currently no Australian government (Medicare) rebate. Individuals
or couples before or during the early stages of pregnancy are offered screening
by obstetricians and general practitioners. Potential providers throughout Victoria
were informed of the program through information disseminated by specialty
colleges, seminars given by staff associated with the program, posters, brochures
and direct contact.

Potential consumers are informed about the program by their health
professional and those that are interested in screening are provided with a
screening pack. The screening pack contains: a brochure on carrier testing for CF;
a cheek brush; a three-step guide on how to collect a cheek brush sample; an
invoice for the cost of the CF carrier screening test; a pathology request form
which must be signed by a medical practitioner; and a return pre-paid envelope
(Figure 1). A website is also available to provide detailed information to both

potential consumers and providers (www.cfscreening.com.au).

Figure 1. CF carrier screening pack provided by GHSV

The brochure (see Appendix D) outlines the clinical features of CF and the
risk of an individual from the general population being a carrier, and having a
baby with CF. It explains that there is a test to determine carrier status, and
when is the most beneficial time to have carrier screening. It also provides details
on the interpretation of results including residual risk (meaning those with a
negative result do not carry one of the common CFTR mutations tested, and their

risk of being a carrier is greatly reduced but not eliminated) as well as the
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implications of being identified as a carrier couple. Screening packs can also be
sent out to individuals who contact Genetic Health Services Victoria (GHSV)
directly.

The cheek brush is simple, painless and can be performed by the
individual at home. Buccal cells for DNA analysis are obtained by wiping the brush
against the inside of both cheeks for approximately ten seconds each side. The
sample collected using the cheek brush is then returned to GHSV by post where it
is screened for 12 of the most common CFTR mutations. These mutations are:
p.F508del; p.G542X; p.W1282X; p.N1303K; p.I507del; p.G551D; c.489+1G>T;
p.R560T; p.V520F; p.R553X; c.3718-2477C>T,; and c.1585-1G>A. The results of
the test are available within five to seven working days from the receipt of the
cheekbrush sample at the laboratory and are sent directly to the referring doctor.

If an individual is found to be a carrier of a CFTR mutation, they are
offered free counselling and testing to determine their partner’s carrier status. If
both individuals in the couple are found to be carriers, genetic counselling is
provided to discuss all available options and an appointment with a CF specialist
is offered to educate couples about CF. Cascade testing is available to family
members and relatives. A summary of the program outcomes from January 2006
to July 2012 is shown in Table 1.

Table 2. Statistics of the GHSV CF carrier screening from Jan 2006- Jul 2012

Outcomes of screening n (frequency)

Total screened 8872
Carriers 251 (1/35)
Carrier Couples 12 (1/739)
Pregnant at time 10
Prenatal diagnosis 10
Affected Pregnancies 3
Termination 3
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Addendum

p 83 para 5: Replace superscript 7 at the end of the first sentence with (Massie et
al. 2009).

p 84 para 2: Insert reference (Murray et al. 1999) at the end of first sentence.

p 100 para 1: Comment: One way of reducing anxiety during the screening
process is to utilise double sampling instead of sequential testing. Double
sampling allows testing both individuals in the couple sequentially without having
to inform the couple that the first tested individual is a carrier, which eliminates
the anxiety in the individual who is first identified as a carrier while waiting for

their partner’s test result.
p 106: Add reference to reference list:

Murray, J., Cuckle, H., Taylor, G., Littlewood, J., & Hewison, ]. Executive

summary: Screening for cystic fibrosis. Health Technology Assessment 3 (1999)
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6.2 Paper preamble

This chapter reports the outcome of interviews of carrier couples identified
by the GHSV program. It commences with a brief summary on previous research
evaluating the attitudes and outcomes of carriers and non-carriers identified by
the GHSV program, where the carrier’s partner was found not to have any of the
CFTR mutations tested for.°?

This is then followed by a manuscript reporting the outcomes of a
qualitative research project exploring the experiences of couples that are both
identified as carriers of CF through the GHSV program. This paper is then
followed by further research outcomes that were not included in the paper. This
research was conducted throughout my candidature, to ensure enough time had
elapsed between carrier identification and participation in the project, and was

submitted to the American Journal of Medical Genetics in March 2013.

6.3 Previous research

In 2008, I completed my Honours research project exploring the
characteristics of individuals who chose to have CF carrier screening, and their
attitudes towards carrier screening (Appendix E). One hundred and twelve
individuals participated in the study, 47 carriers and 65 non-carriers. There were
several major findings to come out of this study.®? Individuals who participated in
this screening program were more likely to be well educated, affluent women
between the ages of 35 and 39. The main reasons for choosing screening were
the perception of CF as a severe condition and a doctor’s recommendation. All
carriers correctly recalled their carrier status and the risk of having a child with
CF; while three non-carriers (4.7%) were unsure of their carrier status and 12
(22%) incorrectly recalled their residual risk. Carriers answered the knowledge
questions correctly more often than non-carriers. There was no difference in
anxiety between carriers and non-carriers. The majority of carriers informed
relatives of their increased risk of being a carrier. Individuals screened were

generally satisfied with the program.
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Abstract
Background/Aims

Cystic fibrosis (CF) is the most common severe, autosomal recessive disease amongst
Caucasians. A population-based CF carrier screening program was implemented in Victoria,
Australia in 2006. The aim of this study was explore the experiences of couples that were both
identified as carriers of CF through this program.

Methods

Between January 2006 and December 2010, 10 carrier couples were identified. All couples
were invited to participate in this qualitative study by a genetic counselor associated with the
program. Interviews were semi-structured and analyzed using inductive content analysis.

Results

A total of nine interviews were conducted, seven couple interviews and two individual
interviews. The main reasons for having screening were high perceived severity of CF, high
perceived susceptibility and to avoid having a child with CF. All couples experienced shock on
learning their carrier couple result. Six of the nine couples were pregnant at the time of screening
and all had prenatal diagnosis. Two of the pregnancies were affected with participants reporting
grief upon receiving the prenatal diagnosis result. Both couples elected termination of the affected
foetus. Three of the nine couples had no further children since being identified as a carrier couple.
Of the remaining six couples, four utilized prenatal diagnosis and two utilized preimplantation
genetic diagnosis for subsequent pregnancies. All participants informed at least one family
member of their carrier status.

Conclusions

Couples were unprepared for a positive carrier couple result. However, all the couples

changed their reproductive behaviour as a result of their carrier status and informed family

members of their increased risk.

Keywords: genetic screening, cystic fibrosis, cystic fibrosis carrier screening, attitudes
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Introduction

Reproductive genetic screening is the screening of individuals or couples to determine if they
are carriers of a disease-causing mutation that may result in disease in their offspring. The goal of
reproductive genetic screening is to provide individuals or couples with reproductive options to
avoid the birth of a child with the disease. Reproductive options for carrier couples include: no
further children, adoption, donor gametes, prenatal diagnhosis to prepare for the birth of an
affected child or to terminate an affected pregnancy, and, preimplantation genetic diagnosis.

Cystic fibrosis is the most common, severe, autosomal recessive condition in those of
Northern European descent, with a prevalence of 1 in 2,500-3,500 live births and a carrier
frequency of 1 in 25 (Southern et al. 2007). Chronic suppurative lung disease is largely
responsible for reduced life expectancy, which is currently a median of 37 years (Dodge et al.
2007). Other clinical manifestations of CF include pancreatic exocrine insufficiency, cirrhosis,
elevated sweat electrolytes and male infertility. Although there is no cure for CF, treatment has
improved outcome over the last 30 years. Treatments include daily chest physiotherapy, inhaled
mucolytic agents, hospital admissions, antibiotics, pancreatic enzyme replacement and a controlled
diet. Lung transplantation is available for some patients, but does not cure CF (Rowe et al. 2005).

In the USA, the National Institute of Health, the American College of Medical Genetics and
the American College of Obstetricians and Gynaecologists have recommended that CF carrier
screening be offered to all pregnant women and couples planning a pregnancy (ACOG 2005;
Watson et al. 2004). Similar recommendations were made in Australia by the Human Genetic
Society of Australasia (HGSA 2010).

In the state of Victoria, Australia, a population-based CF carrier screening program was
implemented by Genetic Health Services Victoria (GHSV) in 2006. The program offers screening to
women and couples before or during the early stages of pregnancy via private obstetricians and
general practitioners. It is currently a fee-for-service program with each test costing AUD$220.

During the first three years of the program (2006-2008) 3,200 individuals were screened,
106 carriers were identified, all partners of carriers were screened and nine carrier couples were
found.” Of the nine carrier couples, six were pregnant at the time of screening, all utilised prenatal
diagnosis and two affected pregnancies were identified and terminated (Massie et al. 2009).
Therefore, the carrier couples identified through the program used the information obtained from
screening to make reproductive decisions. This is supported by the findings from other studies,

showing that approximately 70% of the target population in UK, USA and the Netherlands stated
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that the results of screening for CF carrier status would influence their reproductive behaviour
(Poppelaars et al. 2003; Watson et al. 1991; Henneman et al. 2003).

The reproductive decisions and experiences of CF carrier couples have been well
documented for those identified by the birth of an affected child, newborn screening and/or
cascade testing (Sawyer et al. 2006; Myring et al. 2011; Wertz et al. 1991; Mischler et al. 1998;
De Braekeleer et al. 2000; De Braekeleer et al. 2004; Evers-Kiebooms et al. 1988; Boue et al.
1991; Dudding et al. 2000; Henneman et al. 2001a; Henneman et al. 2002). These studies have
shown that most couples changed their reproductive plans as a result of their carrier status, with
the majority opting to have no further children or utilize prenatal diagnosis in subsequent
pregnancies. However, little is known about the reproductive decisions and experiences of couples
that are identified as carriers of CF through population-based screening programs.

The dissemination of information from carriers to other family members about increased risk
is often evaluated when exploring the outcomes of population-based screening, with a number of
studies showing that the majority of carriers inform family members of their carrier status
(Ioannou et al. 2010; Delvaux et al. 2001; Watson et al. 1992; Boulton et al. 1996). While
dissemination of information regarding CF carrier status is high, little is known about the testing
rates of family members following receipt of this information.

In 2010 we conducted a study to evaluate the GHSV population-based CF carrier screening
program and to assess the attitudes and outcomes of screening among carriers and non-carriers.
The program was found to meet the needs of those undertaking screening with provision of pre
and post-test information rated satisfactory, the process of testing considered simple, with
relatively high knowledge retention and recall of carrier status (Ioannou et al. 2010). However,
carrier couples were excluded from the study. Therefore, the aims of this current study were to
explore the views and experiences of couples that were both identified as carriers of CF with

regard to the process of screening and reproductive decision-making.

Materials and Methods
GHSV Population-based CF Carrier Screening Program

Pre-test information about CF and screening is provided by the offering doctor, information
brochure and the program website (www.cfscreening.com.au). Those interested in screening are
provided with a screening pack containing: a brochure on carrier testing for CF; a cheekbrush; a

three-step guide on how to collect a cheekbrush sample; an invoice for payment for the test; a
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pathology request form which must be signed by a medical practitioner; and a return pre-paid
envelope.

Sequential testing is generally used, with one partner being tested first and, if found to be a
carrier, their partner is tested. The sample collected using the cheek brush is returned to VCGS by
post where it is screened for 12 of the most common CFTR mutations. The results of the test,
available within five to seven working days from the receipt of the cheekbrush sample at the
laboratory, are sent directly to the referring doctor. Individuals are informed of their carrier status
via a telephone call from either a genetic counselor associated with the program and/or their
obstetrician.

If an individual is found to be a carrier of a CFTR mutation, they are offered free counseling
and testing to determine their partner’s carrier status. If both partners are found to be carriers,
genetic counseling is provided to discuss all available options and an appointment with a CF
specialist is offered to educate couples about CF. Carriers are informed of the importance of
informing family members and relatives of their carrier status and are provided with an
anonymous letter which can be sent to family members and relatives informing them of their
increased risk of being a carrier of CF.

Participants

From the implementation of the program in January 2006 to December 2012, 8,872
individuals had been screened through the program, with 251 carriers and 12 carrier couples
identified. Carrier couples identified after 2010 were not included in the current study as it was
thought that not enough time had perhaps elapsed since screening to allow them to come to terms
with the potential outcomes or to have made decisions about future pregnancies.

Methodology

Qualitative methods were chosen to enable an exploration of the experiences of couples
when they were both identified as carriers of CF. Open-ended questions, informed by the literature
and process of screening, were used in the semi-structured interview schedule (Appendix). This
methodology provided participants with the opportunity to freely take the discussion in any
direction while keeping some focus on the topics under investigation.

Interviews

All interviews were conducted over a 12-month period beginning in June 2011. All interviews

were conducted by the same author (LI). Interviews discussed the following: offer of screening;

reasons for having screening; testing process; outcomes of testing; evaluation of program;

85



reproductive outcomes as a result of screening; and cascade testing. Interviews were digitally
recorded and transcribed verbatim with each participant assigned a pseudonym.
Analysis

Transcripts were analyzed by inductive content analysis using NVivo 10 (QSR International
Pty Ltd, Melbourne, Australia) (Elo & Kyngas 2008). This process involved coding and
categorization of similarities and differences independently by LI and SL. Comparisons for coding
reliability was a process of discussion and deliberation of themes and connections between
themes.
Ethics Committee Approval

This study was approved by the Human Research Ethics Committee of the Department of

Human Services, Victoria, Australia (HREC 15/05).

Results
Response

One of the ten carrier couples that had carrier screening declined to participate due to the
recent termination of an affected pregnancy. Two couples were divorced and both of the male
partners from these couples declined to participate in the study. Therefore, a total of nine
interviews were conducted, seven couple interviews and two individual interviews, resulting in 16
participants in the study (Table 1).

Six of the nine couples had been pregnant at the time of receiving an offer of screening, and
one pregnancy occurred as the result of IVF. The remaining three couples were not pregnant when
screened, and one couple had recently miscarried a pregnancy.

The results presented in this paper outline the major themes that emerged from the
interview discussions about offer of testing, the testing process itself and outcomes after testing
(Figure 1). The major themes are illustrated using quotes from transcripts as evidence. In some
examples, quotes were truncated by the use of ... for clarity, without changing the meaning.

1. Offer of screening
Participants were asked to discuss the offer and acceptance of screening.
Receiving offer of screening
When participants talked about how they found out about CF carrier screening or who
offered them the test, seven of the nine couples stated that they were offered screening by

their obstetrician. One other couple was offered screening by a genetic counselor following the
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birth of her first child who was diagnosed with a chromosomal abnormality. The remaining
couple was offered screening by a gynecologist from whom they sought pre-pregnancy
advice.
Health professional’s explanation with regard to screening

Participants were asked if they were satisfied with their doctor’s explanation with regard
to CF and CF screening. The majority of participants stated that they were satisfied with the

explanation and information provided by their doctor.

Absolutely. She sort of outlined the main concerns, the health issues (Delta).

However, some participants reported that they did not receive much, if any, information on

CF or screening.

Nope it was just here’s cystic fibrosis you go and do your own research and work it out so there
was very little (Blake).

He just said 'look this is nothing to worry about but just something you can do at home, it is just
to take a precaution and test for cystic fibrosis and that sort of thing but not much information was
told by the doctor (Felicity).

Health professional’s recommendation towards screening
When describing how testing was offered, several participants felt that their health

professional had recommended screening.

He just sort of said that it was an important thing he thought. (Isobel).
‘The bottom line is if you are pregnant and you were to find out this child has cystic fibrosis based
on the medical facts she told me of what'’s involved in taking care of a child with that condition

would you still have it?” and I said no. And she said 'then you should probably take the test.’
(Delta).

Other participants, however, reported that their doctor’s approach in offering the test was

more casual.

He just basically explained it and gave me the mouth swab and said if we want to do it just sort of
fill in the form and send it off. (Addison).

It was here’s the pack go and look at it. (Blake).

Lack of knowledge of CF prior to screening
None of the participants had a family history of CF. Before having the test, most

participants (n=12) had never heard of CF, or had heard of it but did not know anything
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about it. Some participants reported having heard about it due to fundraising events in the

community, while others reported having known that it was genetic but not much else.

I knew of it, and I think that I knew it was a genetic disease but I don’t think I would have known
any more than that. (Callan).

I had heard the name but I didn't know what it was. (Daniel).

Four individuals had been involved or had prior experience with CF. Two of these had
known someone who had CF while the remaining two had worked with individuals who had
CF, one as a registered nurse and the other for an organisation that worked in collaboration
with CF Victoria.

Motivations for having screening

Many different reasons for deciding to have screening were evident.

One couple, of Ashkenazi Jewish descent, stated that they were aware of the increased
risk of being a carrier for particular genetic diseases due to their ethnicity. That together with
the fact that one of them had known someone with CF was the main reason that they
accepted the offer of screening.

A female participant wished to avoid the birth of a child with CF, stating that she

perceived the disease as severe.

Well no I don't want to have a child who has got that illness that is so serious and so then I took
[the test]. (Delta).

One participant, Garrett, also considered the disease to be severe and perceived that he and

his partner had a higher risk of having a child with CF due to their age.

I knew enough about it that I knew it was really serious but I thought it was because we were both
38, 39 and older sort of parents so I thought it was really good to just have it if you could rule out
a serious illness. (Garrett).

Two females reported that their main reason for wanting to have screening was due to
prior genetic issues or concerns, with one participant having given birth to a child with a

chromosomal abnormality and the other having miscarried her first pregnancy.

At that point we had had such bad luck that I thought that I needed to know for the sake of being
thorough. (Helena).
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I was pregnant and I miscarried and they just decided to try just eliminate why could a baby
miscarry and then this test came up and we did it... (Eva).
One participant stated that her reason for having screening was to assist with the

piloting of the then ‘new’ carrier screening program.

...it would help to go with the research and promoting it and having it Government backed and
what not so I was happy to have a go and be part of it. (Isobel).

One female also described having recently travelled prior to receiving the offer of
screening and visiting her great grandmother’s grave, which was surrounded by three baby
graves. This event raised for her the possibility that cystic fibrosis could have been present in
her family’s background without her being aware of it.

Influence of cost on the decision to have screening

Participants were asked if they recalled the cost associated with screening and if it was
an influencing factor in their decision to have screening. Two of the participants stated that
the cost of the test was an issue for them and/or their partner in terms of accepting the offer

of screening.

The cost is an obstacle 'cos we very much considered not getting it. (Helena).
Originally [partner Blake] didn't feel comfortable about being tested just thought that it was such
an expense associate with the entire process. (Bella).

The other participants (n=14) did not find the cost an influencing factor in the decision to

have screening.

Not 200. I mean even now at 220 dollars I mean if it is a lifetime of being in and out of hospital
and most of them don't live past 30. You pay more for a pair of jeans. (Isobel).

However, some stated they could see how it could be a potential barrier to other couples.

I did think it was a bit expensive but you know I guess you can’t put a price on it really. (Addison).
I can imagine people would find it a lot. (Chanel).
Satisfaction with the information provided
All participants were asked if they were satisfied with the information provided and the

ease of collecting and returning the cheekbrush sample included in the screening pack. Some
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couples reported that they could not recall the screening pack in its entirety due to the time
elapsed since screening. Nevertheless, all couples found the process of collecting and returning
the cheekbrush sample straightforward, and the cheekbrush easy to use. Two participants

remembered the brochure that was provided, and both found it informative.

2. Testing for CF carrier status

Participants were asked to discuss their experiences of being tested. The female partner was

tested first in all but one couple, with that couple electing to test the male partner first stating that

they perceived the female partner to be less likely to be a carrier of CF due to her Asian ethnicity.

The test results were generally received between one to three weeks later. Participants

reported that they were not very anxious while waiting for their results and this period was

perceived as fairly fast.

Shock at finding out test result
Participants who were tested first stated that they were surprised to learn of their carrier
status but they were not overly concerned, as they perceived the risk of their partner also

being a carrier as low.

I came back positive which was a bit of a shock but you know still not that severe... (Helena).

I just assumed I wouldn’t be because I had no family history. So I don’t remember being at all
worried about it until we got the results. (Callan).

Therefore, the shock was even greater after learning of their partner’s result and their carrier

couple status.

It was a bit like gosh how much more, like how many more genetic problems can one family have,
but it was a much bigger shock when then my ex-husband was tested and back positive. That was
very significant. (Helena).
It was all, you know, it will be rare that you both have it, that is what we were told pretty much all
along, so when I got it I was like oh that’s strange but it will be fine because [he] won’t have it
cause it’s so rare. Then he got it and it’s like ok so unlucky. (Eva).

Understanding the meaning of being a carrier couple

Upon receiving their carrier couple test result most couples immediately understood the

significance of their result. Some mentioned the genetic risk of having a child with CF due to

being a carrier couple.
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There was a high possibility or a one in four chance that the baby I was carrying was positive or
had cystic fibrosis. That was difficult because I never thought I would have a problem. (Isobel).

Others described the severity of the situation they were in.

It was absolutely terrifying at that point yep. Cause then we knew that this was the real deal.
(Delta).

All participants mentioned that they were informed of the possible outcomes and implications
of screening by the genetic counselor when they received their first carrier result. When
participants were contacted regarding their partner’s result, the information was reiterated
with an invitation for a face-to-face counseling session.

One couple reported that they did not instantly understand the meaning of being a
carrier couple and accredited the Internet and various health professionals for their increased

understanding.

We found out over the phone and we probably then jumped on the Internet to find out more and
then we had these very, you know, helpful meetings with the counselor and physician, but I don't
think I instantly understood what it meant. (Callan).

Role of genetic counseling

As part of the VCGS CF carrier screening program, carrier couples are offered face-to-
face genetic counseling and an appointment with a CF specialist. Of the nine couples, only
one, not pregnant at the time of screening, declined the offer of a counseling session. Another
couple declined an appointment with the CF specialist, as the female of the couple is a
registered nurse.

The majority of participants were satisfied with the counseling session and information
provided. One male, Callan, reported that the counseling session together with the meeting
with the CF specialist gave him and his partner an understanding of cystic fibrosis and clearly

outlined their reproductive options.

I think after we had come out of the (Hospital) visit we had a much more probably realistic
attitude to what life would be like living with a child with cystic fibrosis, but out of those two visits
together I think we developed a view, we had understood our options and understood how
strongly we were being recommended that we not just go out and get pregnant. Which that was
the most shocking confronting bit for me. (Callan).

Another participant, Delta, added that the information gave them a realistic view of what life

would be like with a child who has cystic fibrosis.
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I got to say they handled it quiet well because we were sort of at this point going blind really... It
was very clearly explained, the care that is involved and because at that point we really needed to
hear that because all we were thinking is maybe we can handle it because of course, you know, we
were questioning, we didn’t want to let go of this pregnancy. (Delta).

In addition, one female, Gabrielle, noted that the counselor was helpful in aiding them in

making an informed decision.

They really stepped us through it, where of course you kind of want to rush over all the details
when they’re explaining when you’re both carriers it’s this and this is how it all works and you kind
of just want to rush to the bit where you say ok what decision will we make but she was very good
in holding us back and making us really understand it. (Gabrielle).
Two participants expressed dissatisfaction with the information that was provided during
the counseling session and the meeting with the CF specialist. One participant, Helena, felt

that the information provided encouraged families to make a decision with regard to

terminating an affected pregnancy. She said:

I think the information given to us was that it was a very severe condition, it was life threatening,
it was a terrible ordeal to live with, all of which now in hindsight I think now was quite overstated
and I've since seen doctors that are CF experts who have had a much more positive approach. So
I think the genetic counseling process is quite biased towards encouraging families to terminate
and I think simplifying the decision or simplifying the information to encourage it to be a very
simple decision. (Helena).

The other participant, Blake, felt that the information provided could have been more direct

with regard to the impact CF has on the parents, the family unit and society.

We were quite happy with it whatever the outcome was I am sure and we went away just more
convinced that we were going down a certain path and what the risks were. They probably weren'’t
harsh enough actually. I think it was probably afterwards when we started to look at CF more I
think they could have been a little bit more clinical and actually sort of said look this is actually the
impact and this is what is going on. I don’t think I got, we got presented probably the, I call it the
burden on society or the burden on the parents about what the actual impact is and how it will
completely change, potentially completely change your life. (Blake).
Decision making about prenatal diagnosis
Of the nine couples, six (n=10) were pregnant at the time of screening, and accepted an
offer of prenatal diagnosis to determine whether their fetus had cystic fibrosis. When talking
about prenatal diagnosis (PND) most of the couples described the decision to have prenatal

diagnosis as not being difficult, but rather the next step in the screening process. One female,

Addison, explained:

92



Oh it would have been the next step, that wasn't difficult to have [PND], it would have been more
difficult to determine the next step [termination of pregnancy] (Addison).

Another participant, Gabrielle, stated that the decision was not difficult as both her and her

partner had already agreed on the outcomes of screening.

I guess we were both testing for the same purpose, we weren’t going to continue the pregnancy if
it was a positive result, so we kind of knew the outcome. We weren’t heading for something where
there was going to be this great level of indecision so it was just that we are going to do this and

so it was hard but easy in a way. (Gabrielle).

However, one female, Isobel, described her difficulty in making a decision with regard to

prenatal diagnosis due to the risk of miscarriage associated with the test.

Oh well I suppose the next step was that I chose to have the amnio done, which was difficult
because you don't know if it is going to terminate it or what’s going to happen... because I wanted
to know either way and I knew it would affect my marriage, it would affect the other children and
everyone’s lives, so I at least needed to be sure before I made a decision beyond that. (Isobel).

Another couple reported that they went into the prenatal test appointment uninformed;

therefore they did not make the decision to have prenatal diagnosis until they were at their

appointment.

We went in to actually get the test done and the doctor sort of said 'you know why you are here?’

and we sort of said well we are here cause we were told to turn up, and she actually spent an hour

going through it all. We were going down a path already so it wasn’t a major issue. (Blake).

All participants received their prenatal diagnostic test results between one to two weeks
after testing. All were informed of their results via a telephone call from either a genetic

counselor associated with the program or their obstetrician. Most participants were anxious or

worried while waiting for their results and this period was perceived as very long.

I was freaking out... (Isobel).
It was obviously a horrendous wait... (Addison).
That two weeks was horrible. (Edward).

.. It felt like a long time (Gabrielle).
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Grief upon learning prenatal diagnosis result
Of the six couples that underwent prenatal diagnosis, two of the pregnancies were
affected with cystic fibrosis. These couples described their feelings of devastation and grief

upon receiving their test result.

Oh absolutely devastated. It’s probably, you know, one of the most terrible, you know, results
we’ve got. (Helena).

...we were left with absolute grief. (Delta).

The remaining four couples that received an unaffected test result expressed feelings of

fortune and relief.

Lucky... (Isobel).
Unbelievable relief. (Eva).

Like crying. Yeah that was fantastic. (Felicity).

Decision making about termination of an affected pregnancy
The two participants that received a positive test result decided to terminate their
affected pregnancy. Both participants expressed the difficulty and uncertainty they felt with

regard to making this decision.

I think that if I'd slowed time down we made a very very rushed decision because I couldn’t handle
having an alive, kicking around, sucking it’s thumb baby in my, you know, growing inside of me... I
very much got that I killed a baby... it was quite a sort of shocking process to go through.
(Helena).

Critical. It was tormenting, absolutely tormenting. We basically went through you know maybe we
shouldn’t maybe we should you know. My husband was actually one of the ones who said how bad
can it be? We can handle it; maybe it might not have a very severe case of it. You know, as much
of the medical facts that we had we were still questioning whether it was, whether aborting it or
terminating it was really necessary. (Delta).

Two participants, who terminated an affected pregnancy, raised concerns with regard to

the genetic counseling they received when deciding whether or not to terminate the

pregnancy.

It is certainly not a neutral process. I mean though they don't in particular encourage you to
terminate, cause I understand that... there would be ethical or moral reasons for them to directly
say that, it is indirectly implied in everything that is said across the board. From nearly, from
every specialist, every genetic counselor, the language that is used, the way the condition is
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described, the impact on the families, and it is constructed as being something that you would
very much want to terminate and I think that really, yeah it does then influence the way people
behave in terms of terminating or not and it certainly influenced me. (Helena).

The only thing I would have said that was a little disturbing I'll say was, I know that they were
trying to be quite clear about the facts of the statistics and where we fitted in at that point, and so
they had this picture of a baby... it was literally just like a drawing... they showed you know this is
what two healthy ones look like and then the carrier one and then I think it showed the statistic of
cystic fibrosis and I remember the picture being like like this, it sounds terrible...it was like black
like it was almost... looks like a burnt child or something. I would say that the probably the
illustrations that went along with the counseling were a little concerning and probably a little
unnecessary. I think maybe just outlining the statistics on paper in numbers would have been
sufficient. (Delta).

3. Future outcomes of screening

The participants were asked about the outcomes of screening, with regard to future

reproductive plans as well as informing family members of their increased risk of being a carrier of

CF.

Subsequent/Future pregnancies

All participants were asked if they had any further children since having screening, and if
so what reproductive decisions they made. Of the nine couples, three (n=5) have had no
further children since being identified as a carrier couple. Of the remaining couples, four
(n=7) utilized prenatal diagnosis for their subsequent pregnancies. Six pregnancies have
occurred since screening, with one pregnancy affected, which was terminated. The participant
who had the affected pregnancy regretted her decision to terminate, stating that the

experience had been very traumatic for her.

We rushed the abortion through at a private clinic but I think if I had slowed down time I actually
would have kept the baby. So I actually then experienced a lot of grief over that decision... it was
incredibly traumatic. (Helena).

Therefore, upon conceiving her second [subsequent] child she sought further information

from a CF specialist, and decided to keep the pregnancy regardless of the prenatal test result.

I think the day I got a positive pregnancy test result I saw a specialist at the (Hospital), a cystic
fibrosis specialist, and I said 'I am pregnant. I think this baby could very much have cystic fibrosis.
I want to keep the pregnancy. Can you tell me about cystic fibrosis?’ (Helena).

One of the participants who had previously terminated an affected fetus, expressed the

difficulties she faced utilizing prenatal diagnosis for her subsequent pregnancy.
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The first pregnancy of course you’re pregnant and everything is going well but the second
pregnancy though, you know that things might end in twelve weeks time. So it was very hard.
(Gabrielle).

Three couples stated that they contemplated the use of pre-implantation genetic
diagnosis (PGD) for future pregnancies, however one couple became pregnant naturally while
the remaining two couples utilized PGD for subsequent pregnancies. One of these couples had
already had an IVF pregnancy due to fertility issues, so prenatal diagnosis was not a valid
reproductive option for them. The couple that elected to use PGD reported that after

discussing the various options this appeared to be the best option for them.

We went through the options of adopting, you know, that was one option for us. There was the
option of getting pregnant and doing an amnio at 4 months and then aborting, and then there was
the option of IVF, which just came out as such an obvious direction for us to go. (Chanel).
However, they expressed a number of concerns and difficulties with the PGD process, namely
the cost and time associated with the process. The couple reflected that the information
provided during genetic counselling did not prepare them for these issues.
Communicating genetic information to family members
When talking about the dissemination of genetic information to family members, all of
the participants mentioned that they had informed at least one family member of their carrier

status.

...we’ve told everyone with, like, there is a side of my family that we are sort of estranged we don't
really see them, but I made the effort to get in touch with them and tell them that cause it is
relevant health information for them (Callan).

Some participants raised issues with regard to informing family members and relatives. Lack
of knowledge held by family members appeared to be a barrier, with some participants stating

that their family members believed they would not be carriers.

I think that there is a lot of misconception with them sort of saying 'oh it couldn’t possibly be me.”’
(Blake).

I think I found when I was talking to relatives they get confused because they would say but no
one’s had cystic fibrosis and they get confused with the carrier bit and having it... (Felicity).

Another issue that was raised by participants in terms of family communication was the
relevance of life stage of family members, with some participant’s not informing family

members who had finished or were not having children.
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Look most of our brother’s and sister’s had already had kids, had sort of finished having kids so it
wasn’t so important to them. (Addison).
One couple had found it difficult to decide whether to inform their siblings, who were both

pregnant and too far along for testing.

It was hard for us because we had... we had siblings in literally the worst position because they
were pregnant and it was too late to do anything about it. So that was particularly difficult in terms
of being the bearer of bad news. (Callan).
4. Concerns with regard to CF carrier screening program
All participants were asked to add any comments about the program or the offering of
screening for CF carrier status.
Lack of awareness of CF
The main concern mentioned by the participants was lack of awareness of CF and CF

carrier screening in the population.

No one’s aware and even to this day if I speak to people about it... I've got a girlfriend at the
moment that’s trying to fall pregnant, I said make sure you do the CF... no one knows. Even in the
private sector they don’t. She is through IVF and they haven’t spoken about it once. (Isobel).
No I think it just really needs to be put in people’s faces. In their face, absolute confrontation, you
know pamphlets, pictures, it has to go in there with the leaflets of you know, don't eat brie when
you’re pregnant, you know what I mean. It has to be in there alongside it. (Delta).

Accessibility to program
One participant voiced concerns about the accessibility of the current program.

Particularly concerning couples not being offered screening and later being identified as

carriers after the birth of a child with CF.

So I'd hate to sort of think that the families that the first time they know about this is when you
get the results back say 'oh look we found this and by the way we had a service that can be
offered which you didn't get access to.’ You would be furious. (Blake).

Utility of screening information for reproductive planning and decision-making
Another participant discussed the willingness of carrier couples to use the information

obtained from screening to make reproductive decisions.

I do think I think testing being more universal, more widely available, preferably universally
available, but testing has to be coupled, for it to be useful, testing has to be coupled with action.
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In terms of what people will do with that information because unless people are prepared to not
have kids as a result of it then in fact there is no point in having the testing, you know. It has got
to be coupled with a willingness to act on the results of the test. (Callan).

Discussion

This qualitative study is the first to explore the experiences of couples who are both
identified as carriers of CF through population screening. This study provides valuable information
that can be used to assist with implementation and development of CF carrier screening programs,
specifically with regard to the provision of counseling and support.

Couples were most commonly offered screening by their obstetrician, with the majority
being pregnant at the time of receiving the offer. It is generally agreed that the best time to offer
screening is before pregnancy, as it provides the couple with the most reproductive options
(Ioannou et al. 2010; Decruyenaere et al. 1992; Green 1992; Magnay et al. 1992). However,
preconception carrier screening has been associated with various barriers including the absence of
a preconception health care setting and lack of interest of individuals and/or couples at this life
stage (Poppelaars et al. 2003; Henneman et al. 2003; McClaren et al. 2008). The three couples in
our study who were offered screening preconceptionally perceived that they were at increased risk
due to ethnicity and genetic concerns relating to miscarriage and chromosomal abnormalities.

While some participants were satisfied with their doctor’s explanation with regard to CF
and CF screening, the majority of participants reported that their doctor provided them with little if
any information about the nature of the condition or the screening process prior to screening.
Health professional lack of knowledge and experience with regard to CF and genetic screening has
previously been identified as a barrier in CF carrier screening programs, with many reporting that
they did not have confidence in their ability to provide screening to their patients (Qureshi et al.
2006; Morgan et al. 2004a; Morgan et al. 2004b; Rowley et al. 1993). Mennie and colleagues also
found a gap in the knowledge of health professionals, with only a small humber of GPs believing
CF carrier screening should be offered to those without a family history (1998).

Prior knowledge of CF was relatively poor amongst the study participants. Four of the
participants had prior knowledge of CF, due to knowing someone with the condition or working in
an area related to CF, but the remaining participants had no knowledge of CF other than having
previously heard the name of the condition and knowing that it is inherited. Knowledge of CF and
screening has been shown to be low prior to screening, when making the decision in regards to

having screening, but improves once having been screened (Durfy et al. 1994; Grody et al. 1997;
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Cobb et al. 1991). A potential reason for the increase in knowledge, from before to after
screening, may be the perceived relevance of that information, particularly if found to be a carrier.
Provision of post-test counseling is likely to also improve knowledge, with carriers usually receiving
more follow-up than non-carriers (Ioannou et al. 2010). Knowledge of CF and CF screening has
been shown to be an important factor in the decision about whether to have screening, with those
who decline screening having lower knowledge than those who accept screening (Henneman et al.
2001b; Ioannou et al. 2012).

Factors that influenced the couple’s decisions to accept an offer of screening included a
desire to avoid the birth of a child with CF, high perceived severity of the disease and/or a high-
perceived susceptibility due to ethnicity and age. This resonates with findings from other studies
that have shown the main factors associated with accepting an offer of screening are: high
perceived severity of disease, high perceived susceptibility and to avoid having a child with CF
(Henneman et al. 2003; Ioannou et al. 2010; Delvaux et al. 2001; Henneman et al. 2001b).
Participants also mentioned a doctor’s recommendation as a factor that influenced their decision to
have screening and this is supported by a number of other studies (Ioannou et al. 2010; McClaren
et al. 2008; Loader et al. 1996; Hall et al. 2006). While all of the couples accepted the offer of
screening despite the cost of the test, two couples described the cost as a significant issue in their
decision to have screening and the remaining couples felt the cost could be a barrier to other
couples. Previously, studies involving the GHSV CF carrier screening program have shown that
cost was not an influencing factor in the decision to accept or decline the offer (Ioannou et al.
2010) [Ioannou et al. 2012 Submitted]. However, reports from other screening programs suggest
that the cost of screening is a significant factor in the decision whether to have screening (Barlow-
Stewart et al. 2003; Durfy et al. 1994). This discrepancy may reflect the private health setting in
which the screening was offered in the GHSV program, where individuals tend to be better
educated and have a higher household income than those in the public health system (data not
shown).

Population-based screening tests involve individuals and/or couples who are not at increased
risk of being a carrier due to a family history of the condition, and therefore may not expect to
receive a positive test result. All participants described their feeling of shock and concern, first
upon learning their own carrier status, and secondly when the second member of the couple was
found to be a carrier, as many had not believed their partner would also be found to be a carrier.

Henneman and colleagues had similar findings with couples reporting that they were shocked as
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they did not expect to both be identified as carriers of CF (2002). This has also been shown in

studies exploring the feelings of women who receive a high risk ultrasound screening result for
chromosomal abnormalities, with the majority of women perceiving the scan as a social, non-

medical event and are unprepared for a positive result (Baillie et al. 2000).

Prenatal diagnosis was considered to be the ‘next step’ for the majority of couples with only
one stating that the decision was difficult. Six couples were pregnant at the time of screening and
all had decided to have prenatal diagnosis. Two women were found to have a fetus affected by CF
and expressed feelings of devastation and grief. Studies have shown that the majority of carrier
couples identified through population-based carrier screening for CF utilize prenatal diagnosis and
terminate an affected fetus (Massie et al. 2009; Clausen et al. 1996; Schwartz et al. 1993; Brock
et al. 1996).

Reproductive behaviour of carrier couples identified through newborn screening have shown
that the majority of carrier couples either had no further children or used prenatal diagnosis for
future pregnancies (Sawyer et al. 2006; Dudding et al. 2000). This was supported in the current
study, with three of the couples deciding to have no further children, four utilizing prenatal
diagnosis and two undergoing preimplantation genetic diagnosis, for subsequent pregnancies. Of
the two couples that utilized preimplantation genetic diagnosis, one of the couples had infertility
problems and could not conceive naturally. One of the participants in the current study who
utilized prenatal diagnosis for two subsequent pregnancies, changed her mind with regard to
pregnancy termination after her first pregnancy stating she regretted terminating her affected
pregnancy.

Genetic counselling is a neutral non-directive process that facilitates reproductive decision
making taking into account personal, moral, social, religious and ethical considerations (Resta et
al. 2006). Participants raised several issues in regard to the genetic counseling process. Two
couples who had terminated an affected pregnancy felt that the genetic counseling process subtly
encouraged termination of an affected fetus through language and illustrations. A study of carrier
couples, identified as a result of a family history of CF or having had an affected child, found that a
majority of couples perceived genetic counseling to leave them with no other option than to refrain
from having children (Frets et al. 1991).

One couple expressed surprise at their perception that the genetic counseling process
actually discouraged them from continuing with their reproductive plans. An inevitable outcome of

population screening for CF is a reduced incidence of the condition due to the majority of carrier
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couples utilizing prenatal diagnosis and terminating affected fetuses. This has been shown in
Massachusetts, USA, where the number of infants with CF identified by newborn screening
decreased since the implementation of population CF carrier screening (Hale et al. 2008).

Cascade testing as a result of dissemination of information from carriers to family members
is an important outcome of screening. The majority of carrier couples informed family members of
their increased risk, with parents and siblings being the most likely to be informed. The main
reason for not informing family members were if they were not having (further) children. There
were some issues with regard to the dissemination of information to family members including lack
of knowledge about CF of family members and pregnancy gestation. Studies have shown that
dissemination is high with the most frequently informed being parents and siblings (Ioannou et al.
2010; Delvaux et al. 2001; Watson et al. 1992; Boulton et al. 1996). A recent study showed that
only about 11% of close relatives of individuals with CF have carrier screening (McClaren et al.
2010).

A lack of awareness by the general population with regard to CF and screening was a
common concern for these study participants. Participants commonly mentioned the lack of
awareness held by the population with regard to CF and screening. In order to increase informed
decision making in the community in relation to CF carrier screening, people need to be informed
about cystic fibrosis and made aware of the availability of screening. Many participants compared
the importance of screening for CF carrier status to Down syndrome screening and believe that CF
carrier screening should be implemented into routine practice to ensure all couples are offered
testing.

The current program is inequitable, with pregnant women and couples in the public health
system not receiving an offer of screening. This was raised as a concern by one of the participants,
as newborn screening for CF is performed on all newborns identifying couples as carriers after the
birth of a child with the disease and thus preventing them from utilizing the reproductive options
that would have been available had they been offered screening pre-pregnancy. In order to ensure
equity of access, CF carrier screening needs to be offered to all pregnant women and couples
planning a pregnancy, in both the public and private health systems. In an ideal situation, this
would also be free of charge.

Since the implementation of the GHSV CF carrier screening program in 2006, only a small
percentage of the population has been screened due to screening only being offered in the private

health system and not all health professionals offering screening to their patients. The limited
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number of individuals who have been screened has resulted in only a small number of carrier

couples being identified. Therefore a limitation of the study was the small sample size restricting

the generalizability of these findings. In addition, the former male partner’s of both couples that

divorced since screening declined to participate in the study, preventing their experiences from

being heard.

In conclusion, carrier couples were generally satisfied with program and service provided,

changed their reproductive behaviour as a result of their carrier status and informed family

members of their increased risk. Nevertheless, improvements to the program should include better

pre-test information and very clear advice to carrier couples identified during pregnancy that not

having prenatal diagnosis and not terminating an affected fetus are valid options.

Abbreviations:
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6.5 Questionnaire-based study

The aims of this study were to explore the attitudes and outcomes of
screening for carriers whose partners were also identified as carriers (carrier
couples), and compare them to the attitudes and outcomes of screening for
carriers whose partners were not identified as carriers (carriers) and those who

were not identified as carriers (non-carriers).

6.5.1 Methodology
Participants

All 10 carrier couples identified through the program, from 2006-2010,
were invited to participate in the study. Couples were given a participant
information sheet (Appendix A) and questionnaire (Appendix B) at the time of
their interview. They were asked to complete the same questionnaire as that in
the previous study of carriers and non-carriers so that direct comparison could be
made.?2 Two couples were divorced and both male partners declined to participate
in an interview. These male partners were invited to complete the questionnaire
via post. A reminder letter was sent approximately two weeks after receipt of the

questionnaire.

Questionnaire

The questionnaire explored the following domains: demographic variables,
knowledge of CF, anxiety levels at the time of completing the questionnaire,
reasons for participating in screening, recollection of carrier test result and
meaning of carrier status.

There were 15 statements regarding knowledge about CF and carrier
screening requiring one of three responses; true, false or unsure. Answers were
scored as being correct or incorrect, with unsure being scored as incorrect. The
total knowledge score for each participant was calculated as the sum of correct
responses. The anxiety scale used in the questionnaire was the validated, short
version of the State Trait Anxiety Inventory (STAI).%

The questionnaire was returned in a reply-paid envelope. A study humber
was used to identify questionnaires allowing reminder letters to be sent to non-
respondents. If the questionnaire was not returned after one reminder no further

contact was made.

Comparison group

The results of the current study of carrier couples were compared the
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previous study of people accepting an offer of screening, undertaken in my
Honour'’s year, as described earlier. This study included 47 carriers and 65 non-

carriers.?

Data analysis

Data analysis of questionnaires was conducted using SPSS (Windows,
version 17.0; SPSS Inc., Chicago, IL). Preliminary descriptive analysis generated
frequency data to elicit a description of participants.

Potential factors influencing the decision to have screening were measured
on 5-point Likert scales. For analysis, points ‘1" and ‘2’ were combined to form
the category “did not influence”, the middle point ‘3’ remained neutral, while
points ‘4’ and ‘5’ were combined to form the category “influenced”.

The data from the current study of carrier couples were compared with
data from the previous study evaluating the attitudes and outcomes for carriers
and non-carriers.! Analysis of categorical variables was undertaken using x*
analyses and, for continuous variables, differences in means between groups
were assessed using t-tests. A p-value <0.05 was considered statistically

significant.

Ethics committee approval
This study was approved by the Human Research Ethics Committee of the

Department of Human Services, Victoria, Australia (HREC 15/05).

6.5.2 Results
Response rate

Of the 10 carrier couples identified (20 individuals), one couple (two
individuals) and two male partners declined to participate in the study while the
remainder were sent questionnaires to be completed. Of the 16 questionnaires
distributed a total of 12 completed questionnaires were received, resulting in a

75% response rate.

Demographics

All 12 participants were over the age of 35 years, with six (50%) having a
university degree and eight (66.7%) earning household income of more than
$100,000 per annum (Table 3). There were no significant differences between
carrier couples, carriers and non-carriers with regard to demographics, with the
exception of gender where there were a higher number of males (50%) in the

carrier couples compared to carriers (6.4%) and non-carriers (0%).
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Table 3. Demographics of participants who were offered screening through the GHSV CF

carrier screening program.

No. of Participants (%)

Demographic Categories Carrier Carriers Non- Significance
Couples n=47 Carriers (x?)
n=12 n=65
Gender Male 6 (50.0) 3 (6.4) 0 (0.0) 10.69
Female 6 (50.0) 44 (93.6) 65 (100.0) *p<0.01
25-29 0 (0.0) 2 (4.3) 7 (11.3) 5.23 (df=3)
Age (in years) 30-34 0 (0.0) 17 (36.2) 15 (24.2) p=0.16
35-39 6 (50.0) 21 (44.7) 33 (53.2)
40+ 6 (50.0) 7 (14.9) 7 (11.3)
Highest Secondary/Trade/Apprenticeship 4 (33.4) 3 (6.5) 7 (11.5) 1.29 (df=3)
completed level of College certificate or diploma 1(8.3) 11 (23.9) 9 (14.8) p=0.73
education University degree 6 (50.0) 31 (67.4) 44 (72.1)
Other 1(8.3) 1(2.2) 1(1.6)
Occupation Managerial 6 (50.0) 16 (34.8) 14 (23.0) 6.93 (df=4)
Professional 3 (25.0) 16 (34.8) 30 (49.2) p=0.14
Office Duties 0 (0.0) 4 (8.7) 9 (14.8)
Skilled/Trades 2 (16.7) 9 (19.6) 7 (11.5)
Unskilled 1(8.3) 0 (0.0) 1(1.6)
Household <60 0 (0.0) 4 (8.7) 14 (23.7) 6.07 (df=3)
Income 61-80 2 (16.7) 3 (6.5) 7 (11.8) p=0.11
(in AUD$1000s) 81-100 2 (16.7) 7 (15.2) 7 (11.8)
>100 8 (66.7) 33 (71.7) 37 (62.7)
Ethnicity Australian 4 (33.4) 29 (61.7) 33 (53.2) 5.33 (df=3)
North European 2 (16.7) 14 (29.8) 14 (22.6) P=0.26
South European 2 (16.7) 2 (4.3) 11 (17.7)
West European 2 (16.7) 0 (0.0) 0 (0.0)
Other 2 (16.7) 2(4.2) 4 (6.5)
Affinity with a Yes 6 (50.0) 14 (30.4) 31 (50.0) 2.95
Religion No 6 (50.0) 32 (69.6) 31 (50.0) p=0.09
Partner at time of Yes 12 (100.0) 46 (97.9) 61 (98.4) 0.00
testing No 0 (0.0) 1(2.1) 1(1.6) p=0.97
Pregnant at time Yes 10 (83.3) 38 (80.9) 52 (83.9) 0.13
of testing No 2 (16.7) 9 (19.1) 10 (16.1) p=0.72
Number of 0 4 (33.3) 14(29.8) 17 (27.9) 1.61 (df=3)
children at time of 1 8 (66.7) 23 (48.9) 28 (45.9) p=0.66
testing 2 0 (0.0) 8 (17.0) 12 (19.7)
3 or more 0 (0.0) 2 (4.3) 4 (1.6)

Note: for comparison purposes carrier couple group and carrier group were combined.

Note: * p<0.05 for comparison of proportions in carriers versus non-carriers using x° test.
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Factors influencing the decision to have CF screening

The main reasons stated by carrier couples for having screening were
perceived severity of CF and doctor’s recommendation, while lack of a family
history of CF or other genetic conditions was not an influencing factor for any of
the couples (Figure 4). There is no significant difference between the three

groups for factors that influenced the decision to accept screening.

80

60

40 - u ® Carrier Couples

u Carrier

20 - — Non-Carrier

Figure 4. Comparison of factors that influenced the decision to have CF carrier screening
between those who were identified as carrier couples and those who were identified as
carriers and non-carriers

Knowledge of CF and screening

Participants were asked to select true/false/unsure as a response to 15
knowledge statements regarding CF and carrier screening. Nine of the
participants (75%) answered between 11 to 15 of the 15 knowledge statements
correctly.

When comparing knowledge between carrier couples, carriers and non-
carriers, there was a significant difference in the number of correct responses for
four of the 15 knowledge questions (Figure 5). Two of these were answered
correctly more often by carriers: partner determines risk as a couple (y* = 8.81,

p<0.01) and if one parent is a carrier there is still a chance of having a child with
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CF (x* = 12.46, p<0.01). The other two by contrast were answered correctly
more often by carrier couples: a carrier couple can have a child who does not
have CF (x* = 11.46, p<0.01) and a person with CF inherits the gene from both
parents (x° = 8.81, p<0.01).

An independent samples t-test was conducted and it was found that there
was no difference in total knowledge scores between carriers and carrier couples
(t=0.36, p=0.72).

If no gene change is found they cannot be a carrier (F)

A negative result means risk of being a carrier is greatly reduced (T)

Partner determines risk as a couple (T) *
Need to screen for CF carrier status every pregnancy (F)
One parent is a carrier still a chance of having child with CF (T)
CF test can identify all CF carriers (F) Non-carrier
m Carrier

Carriers show signs of the disease (F)
- .
If a person has one mutation they are a carrier (T) Carrier Couple

A carrier couple can have a child who does not have CF (T)

Carriers of CF usually have a family history (F)

A person with CF inherits gene from both parents (T)

CF is an inherited condition (T)

CF affects the lungs (T)

Cf affects more males than females (F)

CF is a life shortening condition (T)

0 20 40 60 80 100

Note: *p<0.01 for comparison of proportions in current versus previous study using %2 test

Figure 5. Comparison of knowledge of those who were identified as carrier couples and
those who were identified as carriers and non-carriers

Knowledge of carrier status

All 12 individuals correctly recalled their carrier screening result as well as
their partner’s. Participants were asked in an open-ended question to explain
their CF carrier screening test result with respect to their risk of having a child
with CF. Six (50%) individuals responded that their risk of having a child with CF
was 1 in 4, while 4 (33%) stated that they had an increased or high risk of having
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a child with the CF. The remaining individual stated that their risk of having a

child with CF was dependent on their partner’s test result.

Anxiety
There was no significant difference for anxiety scores in carrier couples
compared to carriers or non-carriers (Median STAI scores were 33, 33 and 30

respectively).

Attitudes towards CF screening

The attitudes of carrier couples towards screening are displayed in Table 4.
All carrier couples would still have CF carrier screening if they had their time
again and believe that the best time to offer screening is before pregnancy.
Eleven (91.7%) individuals recommended CF carrier screening to others.

All groups; carrier couples (100%), carriers (98%), and non-carriers
(87%), believed that the best time to offer screening for CF carrier status was
before pregnancy. More carrier couples (92%) and carriers (94%) recommended
CF carrier screening to others compared to non-carriers (41%). The majority of
carrier couples (100%), carriers (96%) and non-carriers (97%) would still have

CF carrier screening if they had their time again.

Table 4. Attitudes of carrier couples, carriers and non-carriers towards CF carrier screening

No. of Participants (%)

Categories
Carrier Couples Carriers Non-Carriers
n=12 n=47 n=65
Best time to offer Before pregnhancy 12 (100.0) 46 (98.0) 53 (87.0)
During pregnancy 0 (0.0) 0 (0.0) 4 (6.5)
Unsure 0 (0.0) 4 (6.5) 4 (6.5)
Recommend to Yes 11 (91.7) 44 (94.0) 26 (41.0)
others No 1(8.3) 3 (6.0) 37 (58.0)
Unsure 0 (0.0) 0 (0.0) 1(1.0)
If had time again Yes 12 (100.0) 45 (96.0) 61 (97.0)
would do again No 0 (0.0) 1(2.0) 1(1.5)
Unsure 0 (0.0) 1 (2.0) 1(1.5)

Note: n = Number of actual responses provided, as not all questions were answered by all participants

Cascade testing

Eleven (91.7%) individuals informed family members of their result, with
10 (83.3%) recommending their family members have screening. Six individuals
(50%) reported that they had family members who have been tested, while three

(25%) were unsure.
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6.5.3 Conclusion

The difference in gender between carrier couples, carriers and non-carriers
is due to the stepwise process of testing where one partner in the couple, most
commonly female, is tested first and if found to be a carrier then their partner is
tested. Carrier couples have high knowledge of CF and screening. While there is
no difference in knowledge between carriers and carrier couples, both groups had
a significantly higher knowledge level than non-carriers. This is most likely due to
the post-test counselling received by carriers.

The main reasons for accepting an offer of CF screening were perceived
severity of CF and doctor’s recommendation. All carrier couples correctly recalled
and understood the meaning of their carrier status as well as their partner’s
result. There was no difference in anxiety between carrier couples, carriers and
non-carriers at the time of completing the questionnaire. Therefore, if anxiety
was present in carrier couples and/or carriers it appears to be transient.

It is important to note that this study is underpowered in terms of
identifying significant differences between the carrier couple group and the carrier
and non-carrier group, since the number in the carrier couple group is small with
only a maximum of 20 members of carrier couples to survey.

In conclusion, carrier couples undertaking screening through the GHSV
program have a good level of knowledge and don't appear to have any residual
anxiety. Those who accept an offer of screening generally are well educated and
from a high-income group, which may influence knowledge acquisition and
retention. Carrier couples have a positive attitude toward screening as evidenced
by their recommendations to family members and others. This has important

implications for a more widespread offer of carrier screening in the population.
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Chapter 7

Declined CF Carrier Screening
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7.2 Paper preamble

This Chapter explores the opinions and attitudes of pregnant women in the
private health system that declined an offer of cystic fibrosis carrier screening.
The paper is currently under review at the Journal of Community Genetics. The
paper is preceded by an expansion of the methodology, to include further detail
on recruitment.

In the previous study the outcomes of screening were explored for carrier
couples as well as carriers and non-carriers (previous study). As stated in Chapter
6 it was evident that the main reason for accepting screening was the perception
that CF is a severe disease, that carrier couples and carriers had a higher
knowledge of CF and CF screening compared to non-carriers, high recollection of
carrier status and low anxiety. In order to evaluate the program it was considered
necessary to explore the views of those who had been offered screening and

declined it, and to compare them to those who accepted the offer.

7.3 Expanded methodology

Between December 2009 and October 2010, preghant women under 16
weeks gestation were recruited at two private ultrasound clinics in Melbourne.
Women were approached in the waiting room and invited to participate in the
study if they had declined a direct offer of cystic fibrosis carrier screening.
Participation in the study involved the completion of questionnaire (Appendix B),
which was given to participants with a participation information sheet (Appendix
A), while they waited for their appointment. Participants could either complete
the questionnaire in the waiting room and return it to the researcher or return it
via a reply-paid envelope.

During this recruitment phase, field notes were recorded for all women
approached, which included; age, parity, name of obstetrician, recruitment status
and reason for non-recruitment. The majority of women approached were
between the ages of 30-39 and were either in their first (41%) or second (45%)
preghancy (Table 5). The uptake of CF screening and questionnaire response rate

of the women approached is displayed in Figure 6.
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Table 5. Demographic characteristics of women approached in the waiting rooms of

ultrasound clinics

Demographic Category % Approached
Age (in years) <29 17.5
n=307* 30-39 79.2
40+ 2.9
Parity 0 40.6
n=308 1 44.8
2 12.0
3+ 2.6

Note: *Data missing as one women declined to state her age.

Of the 308 women approached only 22% had been offered screening for CF.
This made recruitment at these sites difficult, with the majority of women
approached not eligible to participate in the study. Therefore, two obstetricians who
offer CF carrier screening to their patients through the GHSV program, assisted
with recruitment in the study. Between July 2010 and May 2011 they invited
patients to participate in the study upon declining a direct offer of screening. As
they did not record the number of women who they invited to participate in the
study no response rate could be calculated. Twenty-five questionnaires were

received via this method, giving a total of 54 completed questionnaires.

Total no. of women approached

(n=308)
Offered CF carrier screening Not offered CF carrier screening
(n=69) (n=239)
Accepted offer of screening Declined offer of screening Undecided
(n=27) (n=33) (n=9)

Completed questionnaires
(n=29)

Test uptake of 39%
Questionnaire response rate 88%

Figure 6. Uptake of CF carrier screening and questionnaire response rate amongst pregnant

women recruited in the waiting room at two obstetric ultrasound clinics in Melbourne
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Abstract

Aim

To assess attitudes and opinions of women declining the offer of cystic fibrosis (CF) carrier
screening through a population-based program in Victoria, Australia.

Methods

Between December 2009 and May 2011, women declining an offer of CF carrier screening were
invited to participate in a questionnaire-based study. Recruitment was at two private obstetric
ultrasound clinics and two private obstetric practices in Melbourne.

Results

Of the participants (n=54), the majority were well educated (76%), aged 30-34 years (54%),
with a household income of >AUD$100,000 (76%). Compared to those who accepted screening
(reported in a previous study) (Ioannou et al. 2010), knowledge levels were significantly lower in
participants declining screening (t=3.32, p<0.01). The main reasons for declining screening
were: having no family history of CF (58%); and not considering a termination of pregnancy for
CF (53%).

Conclusion

The community should be informed that most children born with autosomal-recessive conditions

such as CF have no family history of the condition.

Keywords: cystic fibrosis, carrier screening, population screening, attitudes
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Introduction

Cystic fibrosis (CF) is the most common, severe autosomal recessive disease in
Caucasians, with about 1 in 2,500 live births affected and a carrier frequency of 1 in 25
(Southern et al. 2007). CF is characterised by chronic suppurative lung disease and pancreatic
exocrine insufficiency, with a life expectancy of 30 to 40 years (Rowe et al. 2005). There is
currently no cure for CF. Treatment involves time-consuming daily therapies including: chest
physiotherapy, antibiotics, pancreatic enzymes, a controlled diet and lung transplantation for
some (O'Sullivan & Freedman 2009).

CF results from mutations in the cystic fibrosis transmembrane conductance regulator
(CFTR) gene. To date, more than 1,800 alterations have been identified with the most common
mutation being p.F508del, which accounts for approximately 70% of all mutations in individuals
from Northern Europe (CFTR Mutation Database 2008). Since the discovery of the gene in 1989,
screening for carriers of CF has been possible.

CF carrier screening involves testing healthy, unaffected individuals or couples to
determine if they are heterozygous carriers of specific CFTR mutations which could be inherited
by their children. Screening offers couples, where both partners are carriers, reproductive choices
regarding the birth of a child with CF. There are two approaches to carrier identification; cascade
testing and population screening. Cascade testing is the testing of individuals who have a family
history of CF and are therefore at increased risk of being a carrier. This method of testing is
widely accepted and utilized worldwide. However, it has been shown that more than 95% of
carriers have no family history of CF (Boulton et al. 1996). Population screening aims to educate
and test as many individuals as possible regardless of whether or not they have a family history
of the disease.

In 1999 the National Institutes of Health (NIH) recommended that CF carrier screening
should be offered to all couples planning a pregnancy and seeking prenatal care (Grody et al.
2001). Subsequently the American College of Obstetricians and Gynecologists (ACOG) and the
American College of Medical Genetics (ACMG) released statements supporting the availability of
population carrier screening for CF, recommending that all pregnant women and couples planning
a pregnancy should be offered CF screening (Grody et al. 2001). In Australia, similar

recommendations were made with the Human Genetics Society of Australasia (HGSA) stating that
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all pregnant couples and couples planning a pregnancy should be made aware of the availability
of carrier screening for CF (Human Genetics Society of Australasia 2011).

In the state of Victoria, Australia, a population-based CF carrier screening program was
implemented in 2006. The program offers screening to women and couples before or during the
early stages of pregnancy via private obstetricians and general practitioners. It is currently a fee-
for-service program with each test costing AUD$220. During the first three years of the program
(2006-2008) 3,200 individuals were screened, all partners of carriers were screened and carrier
couples used the information received to make reproductive decisions (Massie et al. 2009). In
2008 we conducted a study exploring the attitudes and outcomes of individuals who accepted CF
carrier screening, excluding carrier couples, through this program (Ioannou et al. 2010). The
program was found to be adequate with relatively high knowledge retention and recall of carrier
status. There was no difference in the level of anxiety between carriers and non-carriers and
many carriers passed on information about the risk of carrier status to other family members
(Ioannou et al. 2010).

The aim of this study was to explore the attitudes of pregnant women who declined an
offer of CF carrier screening and compare these to the attitudes of individuals who accepted CF

carrier screening from our previous study (Ioannou et al. 2010).

Materials and Methods

The CF carrier screening program

The CF carrier screening program in Victoria, Australia, is conducted by Genetic Health
Services Victoria (GHSV) and screening is offered to women and couples before or during the
early stages of pregnancy by private obstetricians and general practitioners. The test screens for
12 of the most common CFTR mutations and is conducted using a check brush swab at a cost of
AUD$220, with no government or health insurance rebate.
Participants

Participants were recruited using two different methods:
1. Women were approached in the waiting room of two private obstetric ultrasound clinics in

Melbourne, Victoria. Those who had received an offer of CF carrier screening and declined the

offer were invited to participate in the study.
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2. Two obstetricians who have private practices and offered CF carrier screening to their patients
through the GHSV program, invited patients to participate in the study upon declining a direct
offer of screening.

Questionnaire

The purpose-designed questionnaire assessed the following domains: demographic
variables; knowledge of CF and CF carrier screening; reasons for declining screening; satisfaction
with the decision to decline screening; evaluation of carrier screening information provided; and
attitude towards CF carrier screening. The knowledge questions and factors influencing the
decision to decline screening were sourced from the questionnaire used in the previous study of
people who accepted the offer of carrier screening, to allow for comparison (Ioannou et al. 2010).
The questionnaire can be viewed at http://www . mcri.edu.au/cfscreening.

The questionnaires were completed anonymously, either in the waiting room and handed
to the researcher or returned via a reply paid envelope. As details of the people who were given
guestionnaires to return by post were not recorded, further contact was not possible if the
questionnaire was not returned.

There were 15 statements regarding knowledge about CF and carrier screening requiring
one of three responses; true, false or unsure. Answers were scored as being correct or incorrect,
with unsure being scored as incorrect. The total knowledge score for each participant was
calculated as the sum of correct responses.

The decisional scale used in the questionnaire was the validated Decision Regret Scale
(Brehaut et al. 2003).

Comparison Group

The results of the current study were compared to a previous study involving 47 carriers
and 65 non-carriers, exploring the characteristics of individuals who chose to have CF carrier
screening, and their attitudes towards carrier screening (Ioannou et al. 2010).

Analysis

Data analysis was conducted using SPSS (Windows, version 17.0; SPSS Inc., Chicago,
IL). Preliminary descriptive analysis generated frequency data to elicit the description of
participants.

Factors influencing the decision to decline screening were measured on 5-point Likert
scales. For analysis, points ‘1’ and ‘2’ were combined to form the category “did not influence”, the

middle point '3’ remained neutral, while points ‘4’ and ‘5’ were combined to form the category
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“influenced”. Satisfaction with the decision to decline screening was assessed according to the
level of agreement with five statements (listed in Figure 4), using 5-point Likert scale responses.
For analysis, points ‘1" and ‘2" were combined to form the category “agree”, the middle point '3’
remained neutral, while points ‘4" and ‘5’ were combined to form the category “disagree”.

The data from the current study of participants who declined screening were compared with
data from the previous study evaluating the attitudes and outcomes for individuals who had
accepted screening (loannou et al. 2010). Analysis of categorical variables was undertaken using
¥® analysis and, for continuous variables, differences in means between groups were assessed
using t-tests. A p-value <0.05 was considered statistically significant.

Ethics Committee Approval
This study was approved by the Human Research Ethics Committee of the Department of

Human Services, Victoria, Australia (HREC 15/05).

Results

Response

Between December 2009 and May 2011, a total of 308 women were approached in the
waiting room of two private obstetric ultrasound clinics, of whom only 69 (22%) had been offered
CF carrier screening. Of these women 33 declined the offer of screening and were invited to
participate in the study. Twenty nine completed questionnaires were received, giving a response
rate of 88%.

In addition, 25 completed questionnaires were received, over a period of five months,
recruited by the participating obstetricians. No response rate was able to be recorded for this
method of recruiting as the number of women provided with the questionnaire was not reported.
Overall, 54 completed questionnaires were received and used in the analysis.

Demographic variables

The demographic features of those who declined screening and those who accepted
screening are presented in Table 1. All participants were female with 29 (54%) aged between 30
and 34 years, 41 (76%) having a university degree and 40 (76%) having an annual household
income of more than AUD$100,000 per annum. All participants had a partner and were pregnant

at the time of receiving the offer of CF carrier screening.
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Those who declined the offer of screening were significantly younger in age, with the
majority in the 30-34 age group, compared to those who accepted the offer of screening, where
the majority were in the 35+ age group (¥2=12, p<0.01, df=3).

Knowledge about cystic fibrosis and screening

Participants were asked to select a response to 15 knowledge statements regarding CF
and carrier screening. Twenty five (47%) of the participants selected the correct response to 10
or more of these knowledge statements. There were five knowledge statements for which less
than 50% of participants selected the correct response. These were: (i) CF affects more males
than females (false); (ii) couples who have a child with CF usually have a family history of this
condition (false); (iii) CF genetic test can identify all CF carriers (false); (iv) if only one partner is
identified as a carrier, there is still a small chance of having a child with CF (true); and (v) if no
gene change is found the person cannot be a carrier of CF (false). With the exception of
knowledge statement (iv), less than 50% of participants who accepted screening selected the
correct response for these statements as well (Ioannou et al. 2010).

Knowledge of CF and CF carrier screening was significantly lower in those who declined
screening compared to those who accepted screening (t=3.32, p<0.01) (Figure 1).

Factors influencing the decision to decline screening

Participants were asked to rate factors that might have influenced their decision to
decline CF carrier screening on a Likert scale. The factors most commonly rated as influencing the
decision to decline screening were having no family history of CF and having no family history of
other genetic conditions, chosen by 31 (58%) and 29 (54%) participants respectively. Believing
that they would not consider a termination of pregnancy for CF was identified as an influential
factor for 24 (45%) participants. Thirty-three (61%) and 46 (84%) participants, respectively,
stated that their doctor’s recommendation or lack of time did not influence their decision to
decline screening (Figure 2).

Three factors were considered to be influential in the decision by a significantly greater
proportion of those who declined screening than those who accepted screening. These were: (i)
family history of CF (2=83, p<0.01, df=2); (ii) family history of other genetic conditions (x2=79,
p<0.01, df=2); and (iii) perceived susceptibility of being a carrier of CF (y2=43, p<0.01, df=2).
Doctor’s recommendation was an influencing factor more often amongst those who had screening

than those who declined screening (¥2=18, p<0.01, df=2) (Figure 3).

128



Twenty (37%) participants who declined screening believed that a reasonable price to
pay for CF carrier testing is between AUD$50 and AUD$100 and 17 (32%) thought the test
should be free. Only nine (16.7%) participants indicated that over AUD$100 is a reasonable price
to pay.

Satisfaction with decision to decline screening

Participants were asked to rate their feelings in regards to their decision not to have CF
carrier screening (Figure 4). Thirty-eight (72%) participants felt they had made the right
decision, 30 (58%) felt their decision was a wise one and 38 (72%) stated they would make the
same choice if they had to do it over again. However, seven (14%) participants felt that their
decision did them a lot of harm and five (9%) regretted the choice that they made.

Pre-test Information

Forty one (76%) participants believed they had enough information to make the decision
to decline screening, with 32 (60%) stating that they received the bulk of their information from
their doctor. Forty (80%) participants were satisfied with the information provided with only 11
(20%) seeking further information - the main source of further information was family and
friends (55%) followed by their doctor (36%). None of the participants viewed the GHSV CF
carrier screening program website.

Attitude towards CF carrier screening

Thirteen (24%) participants wished to be offered testing at another time - of these, 72%
stated that they would have liked to be offered testing before pregnancy. Fifty one (95%)
participants believe that CF carrier screening should be available to those who wish to have it,

with two participants being unsure and one stating that it should not be.

Discussion

This study explored the reasons why pregnant women chose to decline an offer of
population-based CF carrier screening, and compares these to the factors that influenced women
to accept screening as determined in a previous study (Ioannou et al. 2010). All participants in
this study were women who were pregnant and had a partner at the time of receiving an offer for
CF carrier screening. The most common reason for declining screening was a lack of family
history of CF or other genetic conditions. Most participants were satisfied with the information

provided, however 24% of participants wished that they had been offered screening at another
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time and 95% of participants believe CF carrier screening should be available to those who wish
to have it.

The majority of participants were well educated with higher than average income,
reflecting the private health setting in which screening is currently offered in Victoria, Australia.
Women who declined screening were significantly younger than those who accepted screening
(Ioannou et al. 2010). Other studies have found that women who have had previous healthy
children are less likely to accept the offer of screening (Fries et al. 2005). A study conducted in
Western Australia found that individuals without children were 50% more likely to have screening
than those with children (Honor et al. 2000). In our study we found no difference in the number
of children between those who declined screening and those who accepted it, although having
previous healthy children was chosen as an influencing factor by a significantly greater proportion
of participants who declined screening than of those who accepted it.

Participants who declined screening had significantly less knowledge in relation to CF and
CF screening than acceptors. Lack of knowledge appears to be a significant factor in the decision
to decline screening, with the main reason for declining screening being the lack of a family
history of CF or family history of other genetic conditions. However, the majority of carriers of CF
and children born with CF in fact have no known family history of the condition (Boulton et al.
1996). A study from Canada had similar findings, with participants who declined screening stating
that the main reason for declining screening was having no family history of CF (O'Conner &
Cappelli 1999).

The current program is inequitable with the test only being offered in the private health
system to those willing to pay. Reports from other screening programs suggest that the cost of
screening is a significant factor in the decision whether to have screening yet this did not appear
to be a major factor in our study (Durfy et al. 1994; Barlow-Stewart et al. 2003). Although the
majority of participants felt that a reasonable price to pay for the test would be between
AUD$50-100, the cost of the test was not stated as an influencing factor in the decision to have
screening by two thirds of participants. This is most likely due to the setting in which screening is
currently offered, with women in the private health system, on average, having a significantly
higher household income than those in the public health system (Australian Bureau of Statistics
2012). Nevertheless it could be reasonably anticipated that if screening were free then uptake

would be higher.
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While education about CF and carrier status and equity of access are important factors
likely to increase the uptake of CF carrier screening, many pregnant women will still choose not
to have screening even if they are well informed and the test is free, as many would not consider
a termination of pregnancy in the event of a CF diagnosis. While there was no significant
difference in affiliation with religion between acceptors and decliners, not considering a
termination of pregnancy for CF was an influencing factor in the decision to decline screening for
a large proportion of participants. Similarly, another study found that non-pregnant women often
cited that abortion and religious beliefs are important factors in the decision whether or not to
have screening (Clayton et al. 1996). In a number of studies that explored the reasons for
declining CF carrier screening, all found that a main reason for declining screening was not
intending to terminate a pregnancy (Cuckle et al. 1996; Levenkron et al. 1997; Livingstone et al.
1993; Loader et al. 1996; Mennie et al. 1992).

There are a few limitations to this study. The screening program is currently only offered
in the private health sector and not every obstetrician informs their patients of the availability of
CF carrier screening. Participants were all sourced from relatively few obstetricians, with
approximately half of the participants being recruited from a single obstetric clinic. This has
implications for the results, as there would be limited variability in the way information about the
test was provided to participants. The response rate for recruitment at the ultrasound clinics was
88% which is very high for this type of study, and is likely to be representative of the women
who declined screening in this program, as the majority of private obstetricians offering CF
carrier screening refer their patients to these clinics.

In conclusion, the main factor affecting uptake of CF screening is lack of knowledge
regarding the inheritance patterns of recessive genetic conditions. In order to increase uptake of
CF carrier screening and facilitate informed decision making, the program needs to focus more on
informing and educating both providers and consumers and ensuring equity of access by offering

the test in the public as well as the private health sector, at a lower cost.
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Table 1. Demographics of participants who were offered screening through the GHSV CF carrier

screening program.

No. of Participants (%)

Demographic Categories Accepted Declined Significance
n=112 n=54 (x*)
Gender Male 3(2.7) 0 (0.0) 1.47
Female 109 (97.3) 54 (100.0) p=0.22
25-29 9 (8.2) 5(9.3) 12.16 (df=3)
Age (in years) 30-34 32 (29.1) 29 (53.7) *p=0.01
35-39 54 (49.1) 19 (35.2)
40+ 14 (12.7) 1(1.9)
Highest completed Secondary/Trade/Apprenticeship 10 (9.3) 3(5.7) 0.89 (df=3)
level of education College certificate or diploma 20 (18.7) 9 (16.7) p=0.83
University degree 75 (70.1) 41 (75.9)
Other 2(1.9) 1(1.9)
Occupation Managerial 30 (28.3) 17 (32.1) 2.43 (df=4)
Professional 46 (43.4) 22 (41.5) p=0.66
Office Duties 13 (12.3) 4 (7.5)
Skilled/Trades 16 (15.1) 8 (15.1)
Unskilled 1(0.9) 2(3.8)
Household Income <60 7 (9.6) 1(1.9) 2.14 (df=3)
(in AUD$1000s) 61-80 10 (9.6) 4 (7.5) p=0.54
81-100 14 (13.5) 8 (15.1)
>100 70 (67.3) 40 (75.5)
Ethnicity Australian 62 (56.9) 23 (43.4) 7.37 (df=3)
North European 28 (25.7) 11 (20.8) P=0.06
South European 13 (11.9) 15 (28.3)
Other 6 (5.5) 4 (7.5)
Affinity with a Religion Yes 45 (41.3) 28 (51.9) 1.51
No 63 (58.7) 26 (48.1) p=0.22
Partner at time of Yes 107 (98.2) 54 (100.0) 1.00
testing No 2(1.8) 0 (0.0) p=0.32
Pregnant at time of Yes 90 (82.6) 54 (100.0) 10.65
testing No 19 (17.4) 0 (0.0) *p=0.00
Number of children at 0 31 (29.0) 16 (29.6) 0.28 (df=3)
time of testing 1 50 (46.7) 26 (48.1) p=0.96
2 20 (18.7) 10 (18.5)
3 or more 6 (5.6) 2(3.7)

Note: * p<0.05 for comparison of proportions in current versus previous study using xz test.
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Figure 1. Comparison of CF and CF screening knowledge of participants who declined and accepted
screening. * p<0.05 for comparison of percent correct in current versus previous study using %°

test.
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Figure 3. Comparison of factors that influenced the decision to decline or accept CF carrier

screening. * p<0.05 for comparison of proportions in current versus previous study using %* test.
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Chapter 8
Not Offered CF Carrier Screening
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Addendum

p 151 para 2: Comment: One of the barriers identified in the study was offering
carrier screening for CF to an ethnically diverse population. One solution could be
to develop a decisional instrument to determine whether pregnant women and/or

couples should be offered carrier screening for CF based on their ancestry. **
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8.2 Paper preamble

This chapter explores the attitudes and opinions of pregnant women in the
public health system that did not receive an offer of CF carrier screening. This
paper is preceded by an expansion of methodology, with regards to the
development of the questionnaire. The paper was submitted to the European
Journal of Human Genetics in February 2013.

The previous research chapters explored the attitudes and opinions of
individuals who were offered CF carrier screening. In order to expand the GHSV
CF carrier screening program into the public health system, ensuring equity of

access, the views of potential consumers need to be explored.

8.3 Extended methodology

Interviews were conducted to assist with the development of the
questionnaire used in this study. Pregnhant women (<16 weeks gestation) were
recruited in the waiting rooms of antenatal clinics at two public hospitals in
Melbourne, Victoria. Women who were unable to read or write English or required
an interpreter were excluded from the study.

Interviews were semi-structured, approximately 10 minutes in duration
and were conducted in the waiting room of the clinic. The interview schedule is
included in Appendix F. Interviews were recorded and transcribed. Content
analysis was used to analyse the data.

Between January and June 2011, nine interviews were conducted. The
main themes to arise were: reasons for screening, reasons against screening and
information/education. A flow chart of the themes is shown in Figure 7. The
participant information sheet and questionnaire that was developed are included

in Appendix A and B.
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Abstract
Background/Aims

Cystic fibrosis is the most common severe, autosomal recessive disease amongst
Caucasians. A population-based cystic fibrosis carrier screening program was implemented in
Victoria, Australia, in 2006. Carrier screening for cystic fibrosis is currently only offered in
the private health system. The aim of this study was to determine the attitudes and opinions
of pregnant women in the public health system, towards screening for cystic fibrosis.
Methods

Pregnant women were recruited in the antenatal clinics of two public hospitals.
Results of this study were compared to previous studies where screening for cystic fibrosis
carrier status was offered.
Results

The majority of the 158 participants were aged 25-34 years old (66.1%) and the
largest ethnic group was Caucasians (45.8%). Compared to those who were offered
screening participants in the current study were younger, had a lower level of education and
a lower income. Knowledge was significantly lower in those who were not offered screening
compared to those who were offered screening (t= 3.32, p<0.01). The majority of
participants believe cystic fibrosis carrier screening should be offered in the public health
system (80.5%) and almost half would have liked to receive an offer of screening during
their current pregnancy (49.7%).
Conclusions

In order for the program to be equitable, screening for CF carrier status needs to be
offered in both the public and private health system and ideally should be at no cost to the

user.

Keywords: genetic screening, cystic fibrosis, cystic fibrosis carrier screening, attitudes
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Introduction

Genetic screening is a test performed for early detection of a hereditary disease,
predisposition to a hereditary disease or to determine whether a healthy individual carries a
predisposition that may cause disease in offspring.! A carrier is an individual who has a
heterozygous mutation for an autosomal or X-linked recessive genetic condition, such that
they are not at risk of the condition themselves, but are at higher risk of having a child with
the condition. Carrier screening can identify couples in which both individuals are carriers of
an autosomal recessive disorder, and therefore have a high risk of having a child with the
condition tested for. The couple can then be informed about available reproductive options.

Population-based genetic carrier screening is directed towards the whole population
with the aim being to counsel and test as many individuals as possible for genetic risk
regardless of whether or not they have a family history of the genetic disorder. In order to
justify population-based screening for particular diseases, the World Health Organisation
(WHO) proposed certain criteria that should be met. These include that the condition is an
important health problem, testing can be performed to determine carrier status with known
test sensitivity and reproductive options are available to prevent the birth of a child with the
disease.?

Cystic fibrosis (CF) is an example of a genetic disease that satisfies the WHO
requirements for population-based screening. It is the most common, severe, autosomal
recessive disease in Caucasians, with a birth frequency of about 1 in 2,500 and a carrier
frequency of 1 in 25.3 CF is the result of mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene and since the discovery of the gene in 1989 more than
1,900 alterations have been identified. The most frequently occurring mutation in the
Caucasian population is p.F508del, accounting for approximately 70% of all mutations
present.*

The main clinical features of CF are suppurative lung disease, pancreatic exocrine
insufficiency and elevated sweat electrolytes. There is currently no cure for CF but various
therapies have markedly improved lifespan. Treatment involves daily therapies including
chest physiotherapy, antibiotics, pancreatic enzymes and a high calorie diet.® The
suppurative lung disease is progressive and largely responsible for the reduced life
expectancy.® The median life expectancy is 37 years.” Lung transplantation is possible in
some patients and although the outcomes are continually improving, the five-year survival
post transplantation is still only 50%.8

Cascade testing is highly accurate and more sensitive than population carrier
screening for CF, as the familial mutations are usually known .° However, it has been shown
that cascade testing is only taken up by 2-3 relatives per proband.!® Also the efficacy, which
is defined as the total humber of carriers identified in a population, is much lower in cascade
testing than in population screening for CF!! due to the fact that more than 95% of carriers
have no family history of CF.1% 13

In 1999 the National Institute of Health (NIH) recommended that CF carrier

screening be offered to all pregnant women and couples planning a pregnancy. The American
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College of Medical Genetics (ACMG) and the American College of Obstetricians and
Gynaecologists (ACOG) subsequently released similar recommendations.'* > The Human
Genetic Society of Australasia (HGSA) position paper states that “all pregnant women and
couples planning a pregnhancy should be made aware of the availability of carrier screening
for CF”.1®

In Victoria, Australia, a population-based CF carrier screening program was
implemented by the Victorian Clinical Genetics Services (VCGS) in 2006. The program offers
screening to women or couples before or during the early stages of pregnancy via
obstetricians and general practitioners in the private health sector. It is currently a fee-for-
service program with each test costing AUD$220. During the first three years of the program
(2006-2008) 3,200 individuals were screened, all partners of carriers were tested and carrier
couples used the information received to make reproductive decisions.’

We have studied a number of aspects of this program, including the attitudes and
outcomes of individuals who accepted CF carrier screening®® and compared their responses
with those of individuals who declined CF carrier screening.'® These studies reflected the
attitudes of people offered screening in the private obstetric sector and were biased towards
women of higher education and family income than the general population. There are limited
data about attitudes toward CF carrier screening from women attending public obstetric
services.

The aim of this study was to explore the attitudes and opinions of pregnant women
in the public health system who were not offered CF carrier screening and compare these to
the attitudes and opinions of individuals who were offered CF carrier screening from our

previous studies.® 1°

Materials and Methods
Participants

Pregnant women (<16 weeks gestation) were recruited in the waiting rooms of
antenatal clinics at two public hospitals in Melbourne, Victoria. Women who were unable to
read or write English or required an interpreter were excluded from the study.
Questionnaire Development

Interviews were conducted, with nine pregnant women in the public health system,

to assist with the development of the questionnaire. Interviews were semi-structured,
approximately 10 minutes in duration and were conducted in the waiting room of the clinic.
The interview schedule is included in supplementary material (S1). Interviews were recorded
and transcribed. A combination of content and thematic analysis was used to analyse the
data for themes to be included in the questionnaire.
Questionnaire

The purpose-designed questionnaire assessed the following domains: demographic
characteristics; screening history; knowledge of CF and CF carrier screening; factors that
may influence a decision to have screening; attitude towards screening for genetic

conditions; attitude towards CF carrier screening. The knowledge questions and factors
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influencing the decision to have screening were sourced from the questionnaires used in the
previous studies of individuals who were offered CF carrier screening, to allow for
comparison.'® 1° The questionnaire can be viewed at
http://www.mcri.edu.au/notofferedcfscreening/.

Analysis

Data analysis of questionnaires was conducted using SPSS (Windows, version 17.0;
SPSS Inc., Chicago, IL). Preliminary descriptive analysis generated frequency data to elicit a
description of participants.

The ‘knowledge score’ was calculated by giving one point for a correct response to
each knowledge question and adding correct responses together. A response of ‘unsure’ was
considered as an incorrect response.

The importance of various factors that might potentially influence a decision to have
screening were measured on 5-point Likert scales. For analysis, points ‘1’ and ‘2’ were
combined to form the category “would not influence”, the middle point ‘3’ remained neutral,
while points ‘4’ and ‘5’ were combined to form the category “would influence”.

The data from the current study of participants who were not offered CF carrier
screening were compared with data from the previous studies evaluating the attitudes and
outcomes for individuals who had accepted!® or declined an offer of screening.'® Analysis of
categorical variables was undertaken using x° analyses and, for continuous variables,
differences in means between groups were assessed using t-tests. A p-value <0.05 was
considered statistically significant.

Ethics Committee Approval

This study was approved by the Southern Health Human Research Ethics Committee,

Victoria, Australia (HREC#10084B).

Results
Response rate

Between July 2011 and August 2012, a total of 187 eligible pregnant women were
approached in the waiting room at two antenatal clinics. Of the 187 women approached, two
directly declined to participate while the rest were provided questionnaires to complete in the
waiting room. Of the 187 women approached, 158 returned completed questionnaires, giving
a response of 84.5%.
Demographics of respondents

The demographics of participants are presented in Table 1. Those who were not
offered screening were significantly younger in age (x2= 97.65, p<0.01, df=5), had a lower
level of education (x2=62.64, p<0.01, df=5), were less likely to have managerial or
professional occupations (x2=84.82, p<0.01, df=8), and had lower household incomes (2=
113.67, p<0.01, df=4) compared to those who were offered screening. There was also a
significant difference in ethnicity between the two groups, with a higher proportion of
individuals of Asian descent and lower proportion of individuals of European descent among
those not offered screening (2= 97.91, p<0.01, df=5) (Table 1).
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Knowledge of CF and Screening

Participants were asked to select true, false or unsure as a response to 15 knowledge
statements regarding CF and carrier screening. The majority of participants (53.5%)
answered between one and five of the knowledge statements correctly. All fifteen knowledge
statements were answered correctly by less than 50% of participants. Thirteen of the 15
knowledge questions were answered correctly significantly more often by those who were
offered screening (accepted and declined combined) compared to those who weren't offered
screening. Mean total scores for knowledge of CF and carrier screening was significantly
lower in those who weren’t offered screening compared to those who were offered screening
(t=3.32, p<0.01) (Figure 1).

More than 50% of participants who were not offered screening selected unsure as a
response to all fifteen knowledge statements. Those who were not offered screening selected
unsure as a response to knowledge statements more often than those who were offered
screening for all of the fifteen knowledge questions (Figure 2).

Potential Factors Influencing the Decision to have Genetic Screening

Participants not offered screening were asked to rate factors that might influence
their decision to have carrier screening for genetic conditions on a Likert scale. The factors
most commonly rated as potentially influencing a decision to have screening were partner’s
opinion, n=88 (59.5%), and lack of family history, n=68 (46.3%). Believing that they would
not consider a termination of pregnancy for CF was identified as a potential influential factor
for 55 (38.7%) participants. Fifty-five (36.9%) and 89 (61.4%) participants, respectively,
considered that their doctor’s recommendation and cost of the test would not influence their
decision to have screening (Figure 3).

Three factors were found to be influential in the decision about whether or not to
have testing by a significantly greater proportion of those who were not offered screening or
those who declined screening compared with those who accepted screening. These were: (i)
family history of condition screened for (x2=59.80, p<0.01, df=2); (ii) family history of other
genetic conditions (x2=63.20, p<0.01, df=2); and (iii) perceived susceptibility of being a
carrier of CF (x2=54.09, p<0.01, df=2). Doctor’s recommendation was an influencing factor
more often amongst those who had screening than those who declined or were not offered
screening (x2=39.78, p<0.01, df=2) (Figure 4).

Screening history

Eighty-one (52.6%) participants sought medical advice prior to pregnancy, with 26
(32.1%) of these having discussed genetic issues. In their current pregnancy, 124 (81%)
stated that they had screening for trisomy 21, and 26 (16.5%) had been offered testing for
other genetic conditions. Fourteen (53.8%) of the latter group stated they were offered
screening for thalassaemia and 10 were tested.

Attitude towards screening for genetic conditions

One hundred and fifteen (75.7%) participants believe screening for genetic

conditions should be available regardless of having a family history. Of these, 50 (48.1%)

stated that before pregnancy would be the best time to offer screening and 79 (68.7%)
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wished they had been offered screening for genetic conditions during their current
pregnancy.
Attitude towards carrier screening for CF

Fifty-four percent of participants had heard of CF prior to completing the
questionnaire. Eighty-one percent of participants believe screening for CF should be offered
in the public health system, with only two percent of participants stating it should not be
offered, and the remaining 17% being unsure.

Fifty-seven percent of participants believe that CF carrier screening should be less
than AUD$50, with 37% of these believing it should be free of charge. When asked if they
would have liked to have received an offer of CF carrier screening during their current
pregnancy 50% stated they would and 83% of these women stated they would have
accepted the offer. Seventeen percent stated that they would not like to have been offered
CF carrier screening during their current pregnancy, but 60% of these would have accepted
the offer prior to pregnancy. The remaining 33% were unsure if they would have liked to

have been offered screening for CF.

Discussion

The majority of pregnant women in the Australian public hospital system in this
study believe that CF carrier screening should be offered in the public hospital system or by
family doctors. Most believe screening should be offered before pregnancy, but many would
have taken up an offer of screening in the current pregnancy. The cost of screening was an
important factor, and it was thought that it should be available for less than AUD$50 per
test. Knowledge of CF and screening was significantly lower in those who were not offered
screening compared to those who were offered screening. This indicates that receiving an
offer of screening is likely to increase knowledge although the difference in educational levels
between the groups is also likely to be playing a role. Factors seen as most likely to influence
a decision to accept an offer of screening were partner’s opinion, family history and
perceived susceptibility. These factors were different to those indicated by the group who
accepted an offer of screening where doctor’s recommendation was the major influence.!® °

The differences in the demographic factors between those offered and those not
offered CF screening reflects the private and public health settings in which participants were
recruited. Compared to our previous studies, participants from the present study were
recruited in the public health system and were younger, had a lower level of education, lower
household income and the more than 40% were of Asian descent. These findings suggest
possible barriers to the implementation of a population-wide CF carrier screening program.
Previously we have shown that uptake of CF carrier screening is associated with maternal
age, with those who declined screening being significantly younger than those who accepted
it.2° A higher level of education has also been associated with higher uptake of screening.?®
21 Knowledge of CF and screening is also higher in those with a higher level of education.??
Low income could also be a potential barrier with evidence showing that uptake is associated

with high income.?! The current cost of the test in Victoria is AUD$220. Together with out of
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pocket costs for screening for trisomy 21 and other pregnancy-related tests, CF carrier
screening may not be affordable to many couples in the public hospital system with an
average household income of AUD$20-40,000.

The fact that over 40% of the participants identified as having Asian origins has
important implications for a population CF carrier screening program. As the participants in
the study were required to read and write English it excluded a number of women from non-
English speaking backgrounds and therefore our study population is likely to under-represent
the ethnic mix attending public obstetric services. In addition to the issues of education and
income discussed above, CF is less common in non-Caucasian populations so that baseline
awareness of the condition is likely to be lower. Furthermore the ethnic diversity in this
population will affect the sensitivity of the screening test with the mutations tested for in the
current screening panel being the most common mutations in the Caucasian population.?
This complicates pre-test information about relevance of CF screening to certain ethnic
populations and affects residual risk calculations. However, identification of ethnic
background can be difficult and not offering carrier screening on the basis of race has ethical
implications. For this reason the pre-test information in our CF carrier screening program
includes data on the incidence of CF in different populations and the associated residual risk
estimates.

Participants were asked to rate factors that may influence a hypothetical decision to
accept or decline an offer of genetic carrier screening, however these factors may change
upon receiving an actual offer of screening. The main factors that might influence their
decision with regards to having screening were partner’s opinion, family history of the
specific condition or other genetic conditions, and perceived susceptibility. These influencing
factors, with the exception of partner’s opinion, were found to be important in the decision to
decline CF carrier screening.!® Therefore, if offered CF carrier screening, our data suggest
that the majority of women in the public hospital system would decline the offer based on a
lack of family history and low perceived susceptibility.?*

One of the other interesting outcomes of this study was the relatively high proportion
of women who saw health professionals prior to pregnancy. Preconception carrier screening,
while being the preferred time to screen, has previously been associated with low uptake due
to a lack of preconception health care settings in which to offer screening.?®> However, the
results show that almost half of the participants in this study sought medical advice prior to
pregnancy, from their GP or obstetrician. This was also shown in another Australian study
with a higher uptake of CF screening at a family planning clinic compared to general
practice.?®

The majority of participants indicated that they would prefer to receive an offer of CF
carrier screening and pre-test information from their GP. Therefore, health professionals are
key stakeholders in CF carrier screening, as they are the gatekeepers of screening and their
attitudes, opinions and knowledge in regards to CF carrier screening are significant in the

effectiveness of offering population-based screening. There is also evidence that doctor’s
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opinion and recommendation is an influencing factor in the decision to accept an offer of
screening.ls' 21, 24, 27

There are barriers to offering CF carrier screening from the health care provider’s
perspective, including costs, time constraints and availability of supporting services. Another
barrier is a lack of knowledge and experience with CF or genetic screening, resulting in a lack
of confidence in their ability to provide screening.?®3! Health professionals have also been
found to lack knowledge in regards to the carrier frequency of CF in the general population
with only a small number of GPs believing CF carrier screening should be offered to those
without a family history of the condition.3?

In conclusion, the majority of participants who are currently not offered screening
stated that CF carrier screening should be available in the public health system. A major
barrier to accepting an offer of screening appears to be lack of knowledge with potential
participants citing lack of family history as a significant factor in their decision to decline
screening. Health professionals offering CF carrier screening need education to provide
accurate pre-test information in order for women and couples of all ethnic backgrounds to
make an informed decision. Cost is a significant barrier that could be overcome with
government funding which would address the current inequity of access to CF carrier

screening in Australia.

Supplementary information is available at the European Journal of Human Genetics’ website.
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Table 1. Comparison of demographic characteristics of those who were offered screening

and those who were not offered screening for CF carrier status

No. of Participants (%) Chi square
Demographic Categories Offered™” Not offered statistic
n=166 n=158 (degrees of
freedom) and
p-value (x2)
Gender Male 3 (1.8) 0 (0.0) 2.88
Female 163 (98.2) 158 (100.0) p=0.09
<20 0 (0.0) 5(3.2) 97.65 (df=5)
Age (in years) 20-24 0 (0.0) 28 (17.9) *p<0.01
25-29 14 (8.6) 50 (32.1)
30-34 61 (37.4) 53 (34.0)
35-39 73 (44.8) 19 (12.2)
40+ 15 (9.2) 1 (0.6)
Highest completed Year 11 or less 3 (1.9) 24 (15.4) 62.64 (df=5)
level of education Finished secondary school 8 (5.0) 36 (23.1) *p<0.01
Trade/Apprenticeship 2 (1.2) 3(1.9)
College certificate or diploma 29 (18.0) 41 (26.3)
University degree 116 (72.0) 51 (32.6)
Other 3(1.9) 1 (0.6)
Occupation Managers 37 (23.3) 10 (6.9) 84.82(df=8)
Professionals 61 (38.4) 12 (8.3) *p<0.01
Technician & Trade 11 (6.9) 6 (4.2)
Community & Personal Service 30 (18.9) 45 (31.3)
Clerical/Administration 13 (8.2) 28 (19.4)
Sales 4 (2.5) 14 (9.7)
Machinery Operators & Drivers 0 (0.0) 3(2.1)
Labourers 0 (0.0) 4 (2.8)
Unskilled 3(1.9) 22 (15.3)
Household Income 20-40 3(1.9) 43 (29.7) 113.67 (df=4)
(in AUD$1000s) 41-60 8 (5.1) 38 (26.2) *p<0.01
61-80 14 (8.9) 25 (17.2)
81-100 22 (14.0) 15 (10.3)
>100 110 (70.1) 24 (16.6)
Ethnicity Australia 100 (61.7) 33 (22.9) 97.91 (df=5)
America 1 (0.6) 5(3.5) *p<0.01
Europe 52 (32.1) 28 (19.4)
Asian 6 (3.7) 59 (41.0)
New Zealand/Islander 3(1.9) 17 (11.8)
Africa 0 (0.0) 2(1.4)
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Affinity with a Religion Yes 73 (45.1) 74 (47.1) 0.35

No 89 (54.9) 79 (50.3) p=0.56
Partner at time of Yes 161 (98.8) 141 (90.4) 11.12
testing/participation No 2 (1.2) 15 (9.6) *p<0.01
Pregnant at time of Yes 144 (88.3) 158 (100.0) 19.58
testing/participation No 19 (11.7) 0 (0.0) *p<0.01
Number of children at 0 47 (29.2) 77 (50.0) 14.76 (df=3)
time of testing 1 76 (47.2) 55 (35.7) *p<0.01

2 30 (18.6) 17 (11.0)

3 or more 8 (5.0) 5 (3.2)

Note: * p<0.01 for comparison of proportions in current versus previous study using xz test.

Note: ** Data from previous studies

18, 19
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Figure 1. Comparison of knowledge of those who were offered screening (accepted and
declined) and those who were not offered screening for CF carrier status
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Figure 2. Comparison of participants who selected ‘unsure’ as a response to knowledge
statements between those who were offered screening (accepted and declined) and those
who were not offered screening for CF carrier status
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Figure 3. Potential factors that may influence the decision whether or not woman would
accept an offer of CF carrier screening (not offered screening group)
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Figure 4. Comparison of factors that influenced the decision to have CF carrier screening,
or potential factors that may influence the decision to have CF carrier screening,
respectively, between those who were offered screening (accepted and declined) and those
who were not offered screening for CF carrier status
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Chapter 9

General Discussion
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The aims of this thesis were to explore the characteristics of individuals
who accepted, declined or were not offered CF carrier screening and the effects of
multi-disease carrier screening through two separate carrier screening programs
in Victoria.

This final chapter summarises the findings of the studies and provides an
overall discussion. Limitations of this thesis as well as directions for future

research are also discussed, with the final section presenting concluding remarks.

9.1 Overview of findings

The findings of this thesis enhance our knowledge of population-based

reproductive genetic screening for autosomal recessive diseases in several ways.

9.1.1 Characteristics
Accepted screening

Previous research conducted in my Honour’s year explored the attitudes
and outcomes of screening retrospectively for carriers (excluding carrier couples)
and non-carriers of CF. It showed that: individuals who participated in this
screening program were more likely to be well educated, affluent women between
the ages of 35-39. There was no difference between carrier couples, carriers and
non-carriers with regard to demographic characteristics.
Declined screening

When evaluating the attitudes and opinions of pregnant women who
declined an offer of CF carrier screening it was found that there was no difference
in demographic characteristics between those who declined an offer of screening
and those who accepted, with the exception of age. Pregnant women who
declined an offer of CF carrier screening were significantly younger than those
who accepted an offer of screening, with majority being between the ages of 30-
34. This most likely represents the private health setting in which screening is
offered.
Not offered screening

An exploration of the attitudes and opinions of pregnant women in the
public health system, who were not offered screening, showed that they were
younger, had a lower level of education, lower income and were more ethnically
diverse compared to those who were offered screening in the private health

system.
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9.1.2 Knowledge

Knowledge of CF and screening was highest in those who accepted an
offer of screening. While there was no difference in knowledge level between
carrier couples and carriers, non-carriers however had a significantly lower level
of knowledge.

Pregnant women in the public health system, who were not offered
screening, had low knowledge with regard to CF and screening with more than
half of the participants being unsure of the correct response for all the knowledge
questions. Knowledge level was significantly lower in those who were not offered
screening compared to those that were offered screening, both accepted and

declined.

9.1.3 Factors influencing decisions
Accepted screening

The main reasons for accepting an offer of screening were the perception
of CF as a severe disease and doctor’s recommendation. There was no difference
between carrier couples, carriers and non-carriers with regard to factors
influencing the decision to have screening.
Declined screening

The main reason for declining an offer of screening was having no family
history of CF or no family history of other genetic conditions. Family history of CF
or other genetic conditions as well as perceived susceptibility of being a carrier of
CF were significantly more influential in the decision to decline screening than to
accept it.
Not offered screening

The main factors that would potentially influence the decision of pregnant
women in the public health system towards CF carrier screening were: partner’s
opinion and family history of the disease. There was no significant difference
between those who were not offered screening and those who declined screening
with regard to factors influencing the decision whether to have screening.
Therefore, the findings suggest that if offered CF carrier screening the majority of
women in the public hospital system would decline the offer based on a lack of

family history.

9.1.4 Effects of screening for multiple diseases
There is limited previous research on carrier screening for multiple
conditions. This is becoming an increasing area of interest as carrier screening

becomes available for more diseases and the cost of screening becomes more
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affordable. An evaluation of a carrier screening program implemented in Jewish
high schools in Melbourne, Victoria, offering screening for seven of the most
common genetic diseases in the Ashkenazi Jewish population has shown that the
program is associated with high uptake of screening, high knowledge compared
to adult screening programs and low predicted negative feelings if found to be a
carrier.

However, the addition of a further six genetic diseases to the screening
panel resulted in decreased knowledge and increased predicted negative feelings
if found to be a carrier compared to when single-disease (TSD only) carrier
screening was offered. The decrease in knowledge shown by participants,
particularly regarding the specific diseases screened for, raises questions about
informed consent with participants not fully aware of the diseases they are being
screened for. Furthermore, truly informed consent may not be possible as the
number of diseases screened for increases. Therefore education and counselling
will need to be directed towards carriers identified to ensure they understand the

disease for which they are a carrier and the meaning of their carrier status.

9.1.5 Outcomes of screening

An exploration of the experiences of couples that were both identified as
carriers of CF found that all couples were generally satisfied with the program and
service provided; did not expect and were unprepared for a positive result;
changed their reproductive behaviour as a result of their carrier status; and
communicated genetic information to family members.

Together with the findings of my Honour’s study, these results provide a
comprehensive evaluation of the current program, showing that the program
effectively offers CF carrier screening to pregnant women and couples planning a
preghancy, supporting the implementation of the routine offer of CF carrier

screening.

9.1.6 Attitudes towards screening
Best time to offer screening

The majority of participants who accepted an offer of CF carrier screening,
carrier couples, carriers and non-carriers, believe that the best time to offer CF
carrier screening is before pregnancy. The majority of pregnant women who
declined an offer of CF carrier screening and wished to be offered testing at
another time, would have liked to be offered testing prior to pregnancy. Pregnant

women in the public health system had a similar attitude, with almost half of the
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participants seeking medical advice prior to pregnancy and the majority believing
that that is the best time to offer genetic screening.
Routine offer of screening

Nearly all of the participants who declined an offer of CF carrier screening
stated that screening should be available to those who wish to have it.
Furthermore, the majority of participants who were not offered CF carrier
screening believe that CF carrier screening should be offered in the public health

system.

9.2 Implications

9.2.1 Knowledge

Provision of information is essential to ensure potential participants make
an informed decision with regard to accepting or declining an offer of CF carrier
screening. Knowledge of CF and CF screening is evaluated at various points
during the screening process: prior to receiving information, after receiving
information and after receiving test result. Studies have shown that the
knowledge of the general population, when making the decision whether or not to
have screening, is low but increases once having been screened.’*® A potential
reason for the increase in knowledge, from before to after screening, may be the
perceived relevance of that information, particularly if found to be a carrier.

Our studies have shown that carrier couples and carriers have a higher
knowledge of CF and CF screening than non-carriers.? The greater knowledge
shown by carrier couples and carriers is likely to be due to the provision of post-
test counselling, with carriers usually receiving more follow-up than non-carriers.
It is also likely that carriers would be more motivated to retain any knowledge
learned through the program, as it is more relevant to them.

Knowledge of CF and CF screening has been shown to be an important
factor in the decision whether to have screening, with those who decline
screening having lower knowledge than those who accept screening.®’ Studies
have shown that some of the main reasons for accepting an offer of screening are
perceived severity of the disease being screened for and perceived susceptibility
to that disease.’? °® Individuals who lack knowledge with regard to CF and CF
screening may form a perception of the severity of the disease and their risk of
being a carrier or having a child with disease based on incorrect information
leading them to decline an offer of screening.

Furthermore, our studies have shown that the main reason for declining

an offer of CF carrier screening is due to a lack of family history of CF. However,
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more than 95% of carriers identified through screening have no known family
history of the disease.'® A study from Canada had similar findings; with
participants who declined screening stating that the main reason for declining
screening was having no family history of CF.%°

Receiving an offer of screening is likely to increase knowledge of CF and
CF screening, with our study showing that knowledge was significantly lower in
those who were not offered CF carrier screening compared to those who were
offered screening. However, the difference in educational levels between the two
groups is also likely to be playing a role in this finding. Other studies have shown
that individuals who have a higher level of education have higher knowledge than
those who have a lower level of education.?%"192

Our research has also shown that increasing the number of diseases
screened for results in a decrease of knowledge and an increase in predicted
negative feelings if found to be a carrier. It could be implied that predicted
negative feelings if found to be a carrier increased due to a lack of knowledge,
with individuals having poorer understanding of the meaning of being a carrier.
This has implications for future programs which will screen for more diseases as
such testing becomes technically more feasible and more affordable.

Therefore, provision of information is important to ensure informed
decision making, reduce the likelihood that people will make the decision to
decline screening based on a lack of understanding of autosomal recessive
conditions and to reduce anxiety as a result of not understanding the meaning of
being a carrier. Post-test information and counselling should be targeted towards

individuals who are identified as carriers.

9.2.2 Factors influencing decisions

It is important to determine and understand the factors that influence an
individual or couples decision whether to accept or decline an offer of CF carrier
screening in order to develop appropriate education programs and increase
uptake in the population. The majority of the factors identified in our research
that influenced the decision whether to accept an offer of screening were Health
Belief Model (HBM) constructs. These were: perceived severity, perceived
susceptibility, lack of knowledge and opinion of healthcare professionals.

Perceived susceptibility and perceived severity are two of the four main
constructs of the HBM that predict health-related behaviour. Lack of knowledge
and opinion of healthcare professionals were later added to the HBM as modifying
factors that can predict health-related behaviour. Our findings are similar to those

reported in a review by Chen and Goodson who identified lack of knowledge as
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one of the most influential factors in deciding to decline an offer of CF carrier
screening.!!?

Age is also a modifying factor that was added to the HBM. Our results
show that those who declined an offer of screening were significantly younger
than those who accepted screening. This was expected as it has been shown that
older women who have a high level of education, high income and low parity are
most likely to accept an offer of screening.?’ 3% %% However, there was no
difference in education, income or parity between those who accepting screening
and those who declined screening in our study.

Those who were not offered CF carrier screening were significantly younger than
those who were offered screening, had a lower level of education, lower income
and higher ethnic diversity, all of which are modifying HBM factors that are
associated with declining an offer of screening.

The main factors influencing the decision whether to have screening,
perceived susceptibility, perceived severity, lack of knowledge and opinion of
healthcare professionals, can be altered through the provision of information and
education. Therefore, health education aimed at the general population relating to
CF and CF carrier screening could increase uptake of CF carrier screening in the

population.

9.2.3 Equity of access

Equity of access refers to ensuring all individuals in the population have
equal access to screening for CF carrier status regardless of their demographic
characteristic including age, ethnicity, socio-economic status and health care
insurance cover. The GHSV CF carrier screening program is currently only offered
in the private health system rendering it inequitable. In order to ensure equity of
access the program needs to be expanded to the public health system, however
there are several barriers to the offer of screening in the public health system
that need to be overcome before screening can be implemented. These include:
cost, diversity of ethnicity and provision of information.
Cost of testing

CF carrier screening is offered through the GHSV program for a cost of
AUD$220 for each test. Offering screening in the public health system for this
price would be inequitable, as our studies have shown that individuals in the
public health system have a significantly lower annual household income,
AUD$20-40,000, compared to those in the private health system,
AUD$100,000+. In addition, if offered during pregnancy couples will already be

paying out of pocket costs for screening for trisomy 21 and other pregnancy-
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related tests. Therefore, CF carrier screening may not be affordable to many
couples in the public hospital system.

Our study showed that less than one third of pregnant women in public
health system thought that cost of testing would influence their decision to have
genetic screening. However, the majority of participants believe screening for CF
carrier status should be offered for less than AUD$50. Furthermore, reports from
other screening programs show that the cost of screening is a significant factor in
the decision whether to have screening.®* %!

In order to offer screening in the public health system, and ensure equity
of access, screening for CF carrier status needs to be offered free of charge
through a Government funded program.

Ethnic diversity

Screening for CF carrier status does not detect all carriers of CF, as more
than 1,900 CFTR alterations have been identified to date.'®* The GHSV CF carrier
screening provides screening for 12 of the most common CFTR mutations in those
of Northern European descent, as it is the most common, severe, autosomal
recessive disease in this ethnicity. Offering screening for these 12 mutations in
those of Northern European descent has a test sensitivity of approximately
83%."

Test sensitivity would be lower for many people who might be offered
screening for CF carrier status in the public health system due to the high ethnic
diversity in this population. For example, less than 50% of Asian CF carriers will
be identified by the 23 CFTR mutation panel recommended by ACMG/ACOG albeit
that the a priori risk of being a carrier is much lower in this population compared
to for Northern Europeans.!?

Offering screening in the public health system will not only decrease test
sensitivity, reducing the number of carriers identified, it will also complicate pre-
test information and residual risk calculations. In addition, as previously
mentioned, not offering carrier screening based on ethnicity has ethical
implications. In order to offer screening in the public health system pre-test
information needs to include data on the incidence of CF in different ethnic

populations and the associated residual risk estimates.

Provision of information

Women in the public health system have a lower level of general
knowledge with regard to CF and CF carrier screening compared to those in the
private health system. As previously mentioned, this may be linked to education

level, with women in the public health system having a lower level of education
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than those in the private health system. In addition, there are a higher number of
women who do not speak English and women from non-English speaking
backgrounds in the public health system compared to the private health system,
making provision of information with regard to screening for CF carrier status
more difficult. The information in relation to screening would need to be available
in multiple languages.

Lack of knowledge has implications with regard to both informed consent
and uptake of screening. It is important to provide enough information to ensure
participants can make an educated decision with regard to having screening,
particularly as our studies have shown that the majority of participants decline an
offer of screening based on misinformation on recessive diseases and the
misconception that the majority of carriers of CF have a family history of the
disease.

In order to effectively offer screening for CF carrier status in the public
health system, education resources and programs need to developed and
targeted towards potential participants as well as health professionals, including
obstetricians, general practitioners and midwives, who will be offering screening

to their patients.

9.2.4 Setting
Gatekeepers of screening

CF carrier screening is mainly offered by health professionals, to pregnant
women and/or couples planning a pregnancy. Our study shows that the majority
of women who did not receive an offer of screening would prefer to receive an
offer of screening and pre-test information from their doctor. Doctor’s
recommendation with regard to screening has also been shown to be an
influencing factor in the decision to accept an offer of screening.?® %% %? Therefore,
health professionals are key stakeholders in CF carrier screening, as they are the
gatekeepers of screening and their attitudes, opinions and knowledge in regards
to CF carrier screening is significant in the effectiveness of offering population-
based screening.

Various studies have shown that health professionals perceive various
practical barriers to the offering of screening for CF carrier status. A recent study
by Stark and colleagues showed that barriers identified by health professionals in
regards to the routine offering of genetic carrier screening were: time constraints,
costs and availability of supporting services.** A lack of knowledge and experience
in regards to CF and genetic screening has also been indicated as a barrier to the

offer of screening for CF carrier status, with health professionals not having
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confidence in their ability to provide screening to their patients.'?*1% Mennie and
colleagues also found a gap in the knowledge of health professionals, with only a
small number of GPs thinking CF carrier screening should be offered to those
without a family history.!%’

During the recruitment phase of our study exploring the attitudes of
women who declined an offer of CF carrier screening, we discovered through field
notes that obstetricians were not routinely offering screening to all their patients.
This may be due to some of the barriers previously mentioned or the fact that
health professionals offer screening to patients based on certain criteria. The
proposed selection criteria used by health professionals for offering screening
may include: perceived susceptibility, maternal age, ethnicity, perceived interest
and parity.

Therefore, while health care has been determined as the preferred setting
in which to offer screening, in order for health professionals to routinely offer CF
carrier screening effectively several barriers still need to be overcome.

Best time to offer screening

All of our studies have shown that participants believe the best time to
offer CF carrier screening is prior to pregnancy as identification of carrier couples
preconceptionally provides the most reproductive options as well as giving
couples more time to make reproductive decisions. However preconception
screening is associated with lower uptake than prenatal screening due to barriers
including: lack of interest at this life stage, lack of preconception health care
setting in which to offer screening and the fact that a large number of
pregnancies are unplanned.>

The findings of our study exploring the opinions of pregnant women who
did not receive an offer of CF carrier screening, showed that almost half of the
participants saw health professionals prior to pregnancy. This was also shown in
another Australian study with a higher uptake of CF screening at a family
planning clinic compared to general practice.?” While it has been proposed that
preconception carrier screening is associated with low uptake due to a lack of
preconception healthcare setting in which to offer screening, our results indicate
that screening can be offered to women and couples seeking medical advice prior
to pregnancy from their obstetrician or general practitioner.

Offering screening for CF carrier status in high school has been proposed
as it can reach a large proportion of the population. High uptake has been
associated with screening in Jewish high schools and screening can be offered in

an educational environment, facilitating voluntary and informed decisions.?!" ° Our
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study had similar findings with 98% of Jewish high school students accepting an
offer of screening.

The main criticism of offering CF carrier screening in a high school setting
is the delay in the use of information obtained, with the American College of
Medical Genetics (ACMG) stating that carrier screening should not be offered to
adolescents as the information is only relevant for reproductive planning.”®
However, research indicates that adolescents not only recall their positive carrier
status but also have their partner tested and use this information to make future
reproductive decisions.”® 1% Other concerns were that adolescents identified as
carriers of CF would face stigmatisation and discrimination from peers. Yet
research has shown that adolescent carriers have few negative psychological

effects as a result of knowing their carrier status.%®

9.3 Limitations

Since the implementation of the GHSV CF carrier screening program in
1996, only a small percentage of the population has been screened due to
screening only being offered in the private health system and not all health
professionals offer screening to their patients in that setting. The limited number
of individuals who have been screened has resulted in only a small nhumber of
carrier couples being identified. Therefore a limitation of the study presented in
Chapter 6 which reported the outcome of interviews with carrier couples, was the
small sample size restricting the generalisability of these findings. In addition, the
former male partners of both couples that divorced since screening declined to
participate in the study, preventing their experiences from being heard.

Furthermore, in the case of Chapter 7, which reported the study of those
who declined screening, participants were recruited from a small number of
obstetric clinics, with approximately half of the participants being recruited from a
single obstetrician. This is due, as previously mentioned, to the fact that
screening is only offered in the private health system with only a limited number
of obstetricians and obstetric clinics associated with the program. This results in
limited variability in the sample, particularly with regard to provision of
information, and may not be truly representative of the population of pregnant
women in the private health system that declined an offer of CF carrier screening.

The public health system is ethnically diverse. Participants in the study,
reported in Chapter 8, were required to read and write English in order for them
to complete the questionnaire. The exclusion of women from non-English

speaking backgrounds resulted in the under-representation of certain ethnic
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groups in our sample. Therefore, the ethnicity of our sample is limited in
variability and may not be truly representative of the population of pregnant

women in the public health system.

9.4 Concluding statements

In order to increase uptake of CF carrier screening, pre-test information
needs to be targeted towards potential participants to inform them about the
genetic nature of autosomal recessive diseases as the main reason for declining
an offer of CF carrier screening was lack of family history of the disease.

The current program is inequitable as screening is only offered in the
private health sector. In order to ensure equity of access screening needs to be
offered in the public health sector with no out-of-pocket expenses, and
educational resources and programs need to be developed and targeted towards
potential participants.

As programs expand to screen for more diseases truly informed consent
may not be possible, with the more diseases screened for likely to result in less
knowledge. Pre-test information should provide basic information on the genetics
of recessive conditions which can be applied to all of the diseases screened for,
while detailed information should be targeted towards carriers during post-test

counselling.

9.5 Future directions

To date research has been conducted to ascertain the views of the
majority of key stakeholders with regard to the offer of population-based CF
carrier screening in Victoria, Australia. We have sought of the views of individuals
who accepted an offer of CF carrier screening (carrier couples, carriers and non-
carriers), pregnant women who declined an offer of CF carrier screening and
pregnant women in the public health system that were not offered CF carrier
screening.

The attitudes and opinions of individuals who have been diagnosed with CF
have been explored with regard to offering CF carrier screening.!% In addition,
the views of family members of individuals diagnosed with CF and individuals with
a family history of CF have been sought.?®
Various studies have explored the attitudes of health professionals towards

offering CF carrier screening to the general population.?® *1' 11% However, they
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were not in-depth studies and none have evaluated the offer of screening by
health professionals associated with program.
Future studies should assess the attitudes of other key stakeholders to

inform the Governments regarding population CF carrier screening.

1. Pregnant women in the private health system who were not offered CF
carrier screening. While screening is offered in the private health system,
not all obstetricians offer screening for CF carrier status or offer screening
to all their patients. It would be interesting to explore the attitudes of such
women towards and knowledge of CF and CF carrier screening and seek
their views on whether they would like to have been offered screening.

2. Exploration of the attitudes, knowledge, facilitators and barriers of health
professionals who have been involved in the current program (particularly
obstetricians and general practitioners), as well as their experience with
offering CF carrier screening, particularly with regard to the criteria for
offering screening to their patients. It is important to obtain the views of
this group as they are the gatekeepers of screening.

3. A study of health professionals in the public health system (obstetricians,
general practitioners and midwives) who do not currently offer CF carrier
screening exploring their attitudes towards and knowledge of CF and CF
carrier screening as well as potential facilitators and barriers to offering CF
carrier screening in the public health system. It will be of great interest to
assess the views of those who do not currently offer CF carrier screening
to help to determine how the program can be expanded to the public
health system.

4. The views of policy makers, including State and Federal politicians and
bureaucrats involved in health policy, in particular their views in relation to
the introduction of a government funded population-wide CF carrier

screening program.

An evaluation of the outcomes of multi-disease carrier screening in
Ashkenazi Jewish high schools has been conducted. This was important to
determine the effects of screening on carriers for single and/or multi-diseases.'*!
In addition, it will be important to evaluate the outcomes of screening for direct-
to-consumer multi-disease screening tests. The release of a direct-to-consumer
test by United States company Counsyl, which screens for more than 100

autosomal and X-linked recessive diseases, provides an opportunity to evaluate
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the test and assess the attitudes and outcomes of screening for both carriers and

non-carriers.
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Appendix A

Participant Information Sheet

This appendix contains copies of the participant information sheets used in
the evaluation of both the Multi-disease carrier screening program in Ashkenazi
Jewish high schools and the GHSV population-based CF carrier screening
program.

1. Carrier couples identified through the GHSV CF carrier screening
program

2. Pregnant women in private health system who declined an offer of CF
carrier screening

3. Pregnant women in the public health system who were not offered CF
carrier screening (Interview)

4. Pregnant women in the public health system who were not offered CF

carrier screening (Questionnaire)
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GENETICHEALTH

Victorian Clinical Genetics Services

Dear Sir and Madam,

Research Project: Attitudes and outcomes of population genetic screening for cystic
fibrosis

We are currently conducting a research project exploring the attitudes and outcomes of cystic
fibrosis carrier screening. We are writing to you because you have had carrier screening for cystic
fibrosis through Genetic Health Services Victoria, which was offered through your obstetrician or
General Practitioner.

What is the purpose of this research?

We are seeking your views on cystic fibrosis carrier screening to find out why people do or do not
choose to have carrier screening and to see how well our program is meeting the needs of people
being offered screening. We will use the information from the study to improve the cystic fibrosis
carrier screening program. We also intend to publish the results of the research so that others
who are setting up carrier screening programs may benefit from the information.

Where did we find out your contact details?

Some time ago you had a carrier screening test for cystic fibrosis. Genetic Health Services Victoria
run the screening program and your contact details were obtained from the cystic fibrosis carrier
screening program database. As a clinical geneticist employed by Genetic Health Services Victoria
I am coordinator of the screening program and I am sending this letter to you on behalf of the
researchers from Murdoch Childrens Research Institute, who are named at the end of this letter.
Please be assured that your details are only available to those involved in the screening program
and the researchers will not be given details about your identity.

How can you be involved?

Participation in this project will involve a face-to-face interview, which will be audio-taped, and the
completion of a questionnaire. You do not need to write your name on the questionnaire and your
responses to the questionnaire and interview will be kept confidential. The information we obtain
from you and others who respond will only be used for the purposes of this project. The data you
contribute to the study will be kept for a period of seven years after publication. Any publication
will not reveal information about you as an individual. We will not disclose any information you
give us to any other organisation.

To participate in the interview please complete the enclosed consent form and questionnaire and
return it in the reply-paid envelope provided. Once we have received your consent form will
contact you to organize a suitable time and location for the interview. If you do not wish to
participate in the interview you can still participate in this project by completing the questionnaire.
The questionnaire should take less than 15 minutes to complete. Please return it in the reply-paid
envelope to the Murdoch Childrens Research Institute.
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Are there possible benefits or risks from taking part in this research?

We cannot guarantee or promise that you will receive any benefit from participating in this study.
The results of the study will contribute to the future development of the cystic fibrosis screening
program.

There is not likely to be any harm arising from completing the questionnaire. If any concerns are
raised by participating in this study please contact one of the researchers who can arrange for you
to see a genetic counsellor from Genetic Health Services Victoria.

Do you have to take part in this research project?

Participation in this research project is voluntary. Your decision whether to take part or not to take
part will not affect your relationship with the researchers or the care you receive from your

doctor. By completing and returning the consent form and questionnaire you are consenting to
participate in the research project. Participants can withdraw from research projects. However,
please note that once you return this questionnaire we can not withdraw your data as the
guestionnaire is anonymous.

The ethical aspects of this research project have been approved by the Human Research Ethics
Committee of the Department of Human Services. This project will be carried out according to the
National Statement on Ethical Conduct in Human Research (2007) produced by the National
Health and Medical Research Council of Australia. This statement has been developed to protect
the interests of people who agree to participate in human research studies.

Who can you contact?

If you have any questions about the study or would like to know anything about the information
you provide us, please contact Liane Ioannou or any of the other researchers on the numbers
given below.

If you have any complaints about any aspects of the project or any questions about being a

research participant in general, then you may contact Ms Vicki Xafis, Executive Officer, DHS
Human Research Ethics Committee on (03) 9096 5239.

Yours sincerely,

Prof Martin Delatycki

Director, Bruce Lefroy Centre for Genetic Health Research
Clinical Geneticist, Genetic Health Services Victoria

(03) 8341 6201

The researchers involved in this study are:

A/Prof John Massie Dr Sharon Lewis

Respiratory Physician Senior Research Officer

Royal Children’s Hospital Murdoch Childrens Research institute
(03) 9345 6427 (03) 8341 6370

Liane Ioannou

PhD Student

Bruce Lefroy Centre for Genetic Health Research
Murdoch Childrens Research institute
0422118614
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GENETICHEALTH

Victorian Clinical Genetics Services

Research Project: Attitudes and outcomes of population genetic screening
for cystic fibrosis

We are currently conducting a research project exploring the attitudes and outcomes
of cystic fibrosis carrier screening. You can participate in this study because you have
been offered cystic fibrosis carrier screening through your obstetrician or General
Practitioner.

What is the purpose of this research?

We are seeking your views on cystic fibrosis carrier screening to find out why people
do or do not choose to have carrier screening. We will use the information from the
study to improve the cystic fibrosis carrier screening program. We also intend to
publish the results of the research so that others who are setting up carrier screening
programs may benefit from the information.

How can you be involved?

Participation in this project will involve completing the questionnaire and either
returning it to Liane Ioannou in the waiting room or you can return it in the reply-
paid envelope provided to the Murdoch Childrens Research Institute. You do not need
to write your name on the questionnaire and your responses to the questionnaire will
be kept confidential. The information we obtain from you and others who respond
will only be used for the purposes of this project. The data you contribute to the
study will be kept for a period of seven years after publication. Any publication will
not reveal information about you as an individual. We will not disclose any
information you give us to any other organisation. The questionnaire should take less
than 15 minutes to complete.

Are there possible benefits or risks from taking part in this research?

We cannot guarantee or promise that you will receive any benefit from participating
in this study. The results of the study will contribute to the future development of the
cystic fibrosis carrier screening program.

There is not likely to be any harm arising from completing the questionnaire. If any
concerns are raised by participating in this study please contact one of the
researchers who can arrange for you to see a genetic counsellor from Genetic Health
Services Victoria.
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Do you have to take part in this research project?

Participation in this research project is voluntary. Your decision whether to take part
or not to take part will not affect your relationship with the researchers or the care
you receive from your doctor. By completing and returning the questionnaire you are
consenting to participate in the research project. Participants can withdraw from
research projects. However, please note that once you return this questionnaire we
can not withdraw your data as the questionnaire is anonymous.

The ethical aspects of this research project have been approved by the Human
Research Ethics Committee of the Department of Human Services. This project will
be carried out according to the National Statement on Ethical Conduct in Human
Research (2007) produced by the National Health and Medical Research Council of
Australia. This statement has been developed to protect the interests of people who
agree to participate in human research studies.

Who can you contact?

If you have any questions about the study or would like to know anything about the
information you provide us, please contact Liane Ioannou or any of the other
researches on the numbers given below.

If you have any complaints about any aspects of the project or any questions about

being a research participant in general, then you may contact Ms Vicki Xafis,
Executive Officer, DHS Human Research Ethics Committee on (03) 9096 5239.

The researchers involved in this study are:

Prof Martin Delatycki Liane Ioannou

Director, Bruce Lefroy Centre for Genetic PhD Scholar

Health Research Bruce Lefroy Centre for Genetic Health
Clinical Geneticist, Austin Health Research

(03) 9496 4355 Murdoch Childrens Research institute

(03) 9936 6514

A/Prof John Massie Dr Sharon Lewis

Respiratory Physician Senior Research Officer

Royal Children’s Hospital Murdoch Childrens Research institute
(03) 9345 6427 (03) 8341 6370
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THE CYSTIC FIBROSIS CARRIER SCREENING STUDY

What is the study about?
The purpose of this project is to explore women's opinions about a genetic
carmier test for cystic fibrosis.

Who is eligible to participate?
Women over the age of 18, who speak, read and write English and who are
less than 20 weeks pregnant.

What is involved if I participate?
Participation in this project will involve an interview, which will take
approximately 5-10 minutes and will be audio-taped.

How do I participate?

If you wish to participate in the project please see the student researcher,
Liane Ioannou, in the waiting room. She will conduct the interview while you
are waiting for your appointment and answer any questions you may have
about the study. Participation will not delay your clinic appointment.

Participation in this research project is voluntary. Your decision whether to
take part or not to take part will not affect your relationship with the
researchers or the care you receive from your doctor.

If you do not have time today but would like to participate in the
study via a telephone interview, please provide us witl your name,
telephone number and the most converient time to contact your.

Mame:

Contact No.:

Please circle the most convenient day/s and time/s in which to contact you:

Monday: Morning Afternoon  Evening
Tuesday: Morning Aftermoon  Evening
Wednesday: Morning Aftermoon Evening
Thursday:  Morning Aftermoon Evening

Friday: Morning Aftermoon  Evening
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GENETICHEALIH

Yictorian Clinical Genetics Services

Research Project: The opinions and attitudes of women in the public health
system towards the offer of cystic fibrosis carrier screening

We are currently conducting a ressarch project exploring the attitudes and outcomes
of cystic fibrosis carrier screening. You can participate in this study because you have
not been offered cystic fibresis carrier screening.

What is the purpose of this research?

We are seeking vour views on cystic fibrosis carrier screening to find out whether
people would like to be offered cystic fibrosis carrier screening. We will use the
information from the study to improve the cystic fibrosis carrier scresning program.
We also intend to publish the results of the research so that othars who are satting
up carrier screening programs may benefit from the information.

How can you be involved?

Participation in this project will invelve completing the guestionnaire and =ither
returning it to Liane Ioannou in the waiting room or you can return it in the reply-
paid envalope provided to the Murdoch Childrens Research Institute. You do not need
to write your name on the questionnaire and your responses to the guestionnaire will
be kept confidential. The information we obtain from you and others who respond
will only be usad for the purposes of this project. The data vou contributs to the
study will be kept for a peried of seven yvears after publication. Anv publication will
not reveal information about yvou as an individual. We will not disclose any
information you give us to any other organisation. The questionnaire should take less
than 15 minutes to complete.

Are there possible benefits or risks from taking part in this research?
We cannot guarantee or promise that vou will receive any banefit from participating

in this study. The results of the study will contribute to the future development of the
cystic fibrosis carrier screening program.

There is not likely to be any harm arising from completing the guestionnaire. If any
concarns are raised by participating in this study please contact ona of the
researchers who can arrange for vou to see a genetic counszllor from Genetic Health
Services Victoria.

Do you have to take part in this research project?

Participation in this research project is voluntary, Your decision wheathear to take part
or not to take part will not affect your relationship with the researchers or the care
vou receive from your doctor. By completing and returning the quastionnaire yvou are
consanting to participate in the research project. Participants can withdraw from
research projects. Howeaver, please note that once vou return this questionnaire we
can not withdraw your data as the guestionnaire is anonymous.
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The ethical aspects of this research project have bean approved by the Human
Research Ethics Committee of the Department of Human Services. This project will
be carried out according to the National Statement on Ethical Conduct fn Human
Research {2007) produced by the National Hzalth and Medical Research Council of
Austrzlia. This statement has been developed to protect the interests of people who
agree to participate in human ressarch studizs.

Who can you contact?

If vou have any guestions about the study or would like to know anything about the
information you provide us, please contact Liane Ioannou ar any of the other
researches on the numbers given below.

If vou have any complaints about any aspacts of the project or any guestions about
being a research participant in general, then you may contact Julie Gephart,
Ressarch Directoratz, Southern Hezalth Human Reszarch Ethics Committes on
(03)9594 4611.

Tha reszarchers invalvad in this study ara:

Prof Martin Delatycki Liane Ioannou

Director, Bruce Lafroy Centra for Genatic PhD Schelar

Health Research Bruce Lafroy Centra for Genstic Health
Clinical Geneticist, Austin Health Fesearch

(032) 9496 4355 Murdoch Childrens Research institute

(03) 9936 6514

A/ Prof John Massie
Respiratery Physician
Roval Children's Hospital
(03) 9345 6427

Cr Sharon Lewis
Senior Research Officer

Murdoch Childrens Research institute
(02) 8341 6370
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Appendix B

Questionnaire-based surveys

This appendix contains copies of the questionnaires used in the evaluation
of both the Multi-disease carrier screening program in Ashkenazi Jewish high
schools and the GHSV population-based CF carrier screening program.

1. Students offered multi-disease carrier screening at Ashkenazi Jewish
high schools

2. Carrier couples identified through the GHSV CF carrier screening
program

3. Pregnant women in private health system who declined an offer of CF
carrier screening

4. Pregnant women in the public health system who were not offered CF

carrier screening
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High School Screening Program
Questionnaire

Beenenci i .E!::’cﬁ',ﬁ'?nﬁ?:a'rﬂ""‘ 7 MONASH University

h\._ altbiar ik, Heathins Fusfute

Abeurt yeu Your kiewlecge

ﬂ. Gender Please answer the following questions
Tick one box only
COMale 2
OFemale 2 cystic fibrosiz affects the brain
E Age COTrue
UFalse
4 CUnsure
O1s _
(3 [ { Bloom syndrome predisposzes to cancer
7
18 CTrue
CFalse
g Year level CUnsure
) 1] E, Canavan dizeaze uzually causes a perzen to die in
O11 childhood
012
CTrus
,!j., Do you have Jewizh Ancestry? COFalse
Tick one box only CUnsure
Olves §  Tay Sachs dizease only affects Jewich people
Ono
CUnsure COTrue
CFalse
If yas, what type? CUnsure

Tick one box only
i@ If the test zhows you are not a carrier you

CJAshkenazi (Eastem European) cannot have a child with that condition
(Sephardi (Middle Eastern)
CMixed CITrue
COMot sure CFalse
CUnsure
5 are you studying Biology?
ﬂﬂ Thiz program screens for 5 different genetic
Cves conditions
CNo
CTrue
CFalze
CJUnsure
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i@ A carrier has one copy of an altered gene

CTrue
CJFalse
—Unsure

13 some carriers develop symptoms of the disease

CTrue
CFalse
CUnsure

J4 For a couple to have a child with one of
the diseases being tested for, both
need to be carriers of an altered gene

CTrue
CFalse
CUnsure

i5 All people have some altered genes
OTrue

CFalse
—Unsure

) Il g
Vour eecision

i@ dre you going to have the genctic test teday
Tick one box only

OYas

If you are having the genetic test today,
how much did each of the following
factors influence your decision on having
sereening™

Please circle 3 number on EACH of the following
scales

ot at 3l Exfremety
1. Want to know if 1 2 3 4 5
| am a camier
2. The testis free 1 2 3 4 5
Mow
3. It iz easier fo 1 2 5] 4 3
have the test
now than later
4. It iz promoted 1 2 3 4 5
as a good thing
to do by the
Jewish
Community

5. My parents want 1 2 3 4 5
me to have the

test

6. My friends are 1 2 3 4 5
hiaving the test

-

If you are not having the genetic test
today, how much did each of the
following facters influence your decizion
on having screening.

Please circle 3 number on EACH of the following
scales

ot at all Exfremety

1. | never want to 1 2 3 4 5
know if | am a
carrier or not

2. | do not want to 1 2 3 4 5
know if | am a
carrier at this
tirne in my life

3. My rigk of being 1 2 3 4 5
a carrier is low

4. My parents do 1 2 3 4 5
not want me to
have the test

5. | want more 1 2 3 4 5
time to think/
dizcuss it

&. | want more 1 2 3 4 5
information
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19

Do you feel you know enough to make a
decizion about having the genetic test?
Tick one box anly

Cves
CMa

CUngure
If mo, what else would you like to krow? ...

Have yeou dizcussed with semeone or sought
any further information about the genetic
dizeazes or the szcreening program since the
education session?

Ces
CINa

If yas, from where or with whom?

COJintermet

CIFamily

CDoctor

CJFriends

OLibrary

[JGenetic Counsellor

CJRabbi or other religious leader
CICther

Have any of your relatives been tested for any
of the genetic dizeases being screened for?
Tick one box anly

Ces
CMo
CIDan't ko

If yas, whe?

CJParent
COBrother Sister
COGrandparent
CJaunt/Uncle
CICousin

m Do you have a family hiztory or have a
relative who iz a carrier of any of the
dizeases being screened for?

—Yes

C Mo
CIDon't ko

Your feelings
2

A number of statements which people have
used to deseribe themselves are given below.

Circle a number for cach statement to indicate

how you feel right pow ot this memeni_

. @ )
= i
I
1. 1 feel calm 1 2 3
2. 1 feel tense 1 2 3
3. | am upsst 1 2 3
4. | feel relaxed 1 2 3
5. 1 feel content 1 2 3
6. | am womed 1 2 3

o ery Much

.

@E How do you think you would feel if you found

out that you are a carrier of a genetic
dizease?

Flease circle 3 number on EACH of the following scales

Mot at 3l

1. | would be 1 2 3
wormied about
my own health

2. | would feel 1 2 3
angry

3. | would feel 1 2 3
depressad

4 | would be 1 2 3
scared

3. lwould feel less 1 2 3
confident

6. | would feel 1 2 3
inadequate
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Carrier screening for cystic fibrosis
Questionnaire

Thank you for completing this questionnaire. This is for a
research project exploring the attitudes and outcomes of cystic
fibrosis carrier screening. You can participate in this study
because you have been offered cystic fibrosis carrier screening
through your Obstetrician or General Practitioner and accepted it.

For further information please contact: Liane loannou
PhD Scholar
Bruce Lefroy Centre for Genetic Health Research
Murdoch Childrens Research Institute
liane.ioannou@mcri.edu.au
(03) 9936-6514

Murdoch Childrens
Research Institute
Healthier (ids. Healthier Futore.

:r(:ENETICH EALTH MONASH University

Victorian Clinical Genetics Services
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Carrier screening for cystic fibrosis
Questionnaire

Thank you for completing this questionnaire. This is for a
research project exploring the attitudes and outcomes of cystic
fibrosis carrier screening. You can participate in this study
because you have been offered cystic fibrosis carrier screening

through your Obstetrician or General Practitioner and declined it.

For further information please contact: Liane loannou
PhD Scholar
Bruce Lefroy Centre for Genetic Health Research
Murdoch Childrens Research Institute
liane.ioannou@mcri.edu.au

(03) 9936-6514
Murdoch Childrens o . .
Research lnstitvte GENEII(I: {EALTH % MONASH University
Vestthics s, Meadtoser ©uTorcs ic ; cal ¢ atics Services ”

203



T iaaey nof pip uaipyo Auew moy D
(sesuyo-uBlesny “s/dwexs o) ‘nod o] Ajdde se Auew e jsi ssesid)

ZYim Aynuapt jsow ned op Apiugia/AnssaueRInyn Yy 9

aunsurn) D oN D saA D

i Bunssybuasins swoapuAs umo saey nof pip queubsed siam nof g -
o ) . asrE et PR A +000'004$ D 000'001-18% D
ron (] v (] =]
‘ 000'09-LFS 000 0F-02%
ihoueubaid asojaq Bunssy 000 05195 D D D

palago usaq arey o) pausjaid aaey nod pinom ‘Jueubaid siam nof g | {wnuue s2d) swoou) ployssnoy 5

oM D saA D Jueubaid nof auspy, q (voipednaoo snoimasd anod sjels ssesyd ‘pooyusied o] anp Buniom ssbuoy ou y)
(2pn Iy anib) ¢uonednaso ined st jeym ‘ploy Apuauno nok gol ulew sy u)

oN D sap D itauped e axey nof pig B

B0 D uoneayenb frsismun D PR M_m%__mﬁ D
‘Buusaias jo 1ayo sy} jo swnl syl 1y g diysasonusiddesapel | D AIBpUGIBS P m_,mm__.u_"_un_m S59] 10 || JEa ) D

(panawjoe |ans) ysaybiy) [eaa] uogeanpy ¢

Aewidwos D yanw AIsA G [ennaN D sl faa, D IIE 1 10N G

£3J1] Inof u ayew

— @by 7

noA suoisiaap auy) aausnpul sieaq snoibijas Inof op yoanw moy ‘sak 3] q
TN D sl D Jspussy |

_ ‘ . “fanns
Ayis Ayuye ue saey nof op yauny o uoibial yosygm ‘salk ) e
sy} wouy sasuodsal sy BuisAjeue ypm sn digy [ ey} nod Inoge suonsanb jo 1s1| B 1 mojag

aInsun D oN D sa D swedioiLied ||y

£Yauny2 1o uoibis Aue Yy AQiuye ue saey nofog g '} uonass

I




{uoneynw)
abueyp ausb sy} Jo JsWED

5 ¥ € z ! e 8q Jou pjnom | ey ynoyy | g

suopuod snsualb Jayio

5 ¥ £ 4 L jo fuoysiy fjiuwey e saey juop | G
sIsoqy 0sA
5 ¥ £ [ ! jo fuojsiy fjwey e aneyjuop | p

159) BU) SABY PINOUS | JAUIAYM

[ ¥ Py 7 L noge uoluido s ssuped Ay ¢
1s9)
SUI SAEY pINoYs | Jsuyisym Inodqe
g ¥ c z7 L uolEpUSWILLIOISI S J0pPop Ay T
] ¥ £ [ L W SAEY JLUpIp | 7|
ER ER=
£ &=
T § 7
g~ B

Apeay ywew ey anod Jno ssouo ‘puny inoA abueys
nod Jj “suosanb Aue dpys jou op pue uogsenb yaes oy 1aquinu auo Ajuo afann “UoISIISp
paousnyu fjbuons, sjussaidal g pue JSES| S UI UOISIDSP SJUBN|UI Jou pIp, sjuasaidal |

-aqunu ajeudordde awyp Buijono Aqg Buueains aney o} uoisap Jnod paouanpul

1ojoe) 3y Jayjaym aJE)S pue ‘Anjales auo Yoea peal aseald 1sa) Buusains Jawea

s1soiqy 29540 e aABy 0] Jou ucisipap nof paousnpul aaey ABW JEY] SI0J2E] JO ]S1| B S1 MOj2g
“SNOLLONYHLISNI

Buiuaalas Jarued sisolqiy o2nsAo Buiuijoap 10) suoseay

:Z Uonoss

Juuoouoddouo g ouod g gdgdgg

O 0O U

O
oo g oo g odggd

O

Jooodo o O0ooOod

alnsun asjed anij

“sisouqy s

10 J3LWIED B 30 Jou ued uosiad ay) punoy s1 sbueys suabou y) -

‘paonpad fpealb si lswed e Buiaq jo

YSU Inof J3LEd-UoU B aIE NoA Jey} Sajedipul ynsal isa)inof §| -

40 Yum piyd e Buiney jo sjdnod e Se YsU INok suILLSISp ||im

ynsal 1sa) s Jauped 1nod sisouqy onsio Jo Jsled e ale nod J| -

‘Ageq e aney Asyl swn faaas 40 yum ppy2 e Buey jo
8|dnod B se YsU JIsy) SUILLISISP 0} palsa) a0 0} spaau a)dnoo ¢

"sisouqy a0sAa yum pliya e
Buiney jo sauey jews e ||1s s1 auay) (uonegnw) abueys susb

sisouqy ansfa sy Jo Jsled e s1 aidnoo e Jo ssuped suo fuo y| -

‘pa1sa) s1 eyl dnolb e ul siswred
sisoiqy ansAa ||e fouspl ued jsa) ansusb sisciqy onsfo sy

-aseasip ay Jo subls moys siIsolqy 21549 10 Sialen

“J81UED B ale Asy) (uonepnw) sBueyo

ausb sisouqy s auy jo Adod suo sey uosiad e )| -

“s1s01qY 21542
3AEL J0U S30P oym Py B aaey ued fay) (uogeynw) sbueyo

ausb sisouqy ansfa auy Jo siswwes sie sjualed yjog §| -

“UORIpUCY SIYY Jo Auojsiy AWe) e aaey
Ajlensn s1souqy 20542 UM pIIY2 B aAeY oy sajdnon)

"sjualed Ulogq wolp

(uonenw) sbueys ausb sy slusyul siIsciqy o0sAD Yim Py ¢ -
"UOIIPUOY PSUBYUI UE SI SIS0IqY JNSAD

-sBun| sy spo8Ye 1BU) USIIPUOD E S1 SISoIqY Jsis)

"S3[ELS] UEL} SS[EW SI0W SJ98YE SIsoqy asio) -

“uopuod Buiuspioys aj| e S1 sisoiqy sk

“Apeap yew sy inof no ssoud ‘puiw anof abueyp
noA J| ‘suonsanb Aue diys you op pue uogsanb yoes Joj xoq auo Auo ¥ “sbulssy

1o smaia “abpapmouy Inod saquasap Jsaq Jey) xoq ai) Y21 pue “{njaieds suo yiea
pE=1 asesld “sisoiqy ansko jo abpapwouy 1nof noqe suonsanb o s B 51 moRYg

“SNOLLDNULSNI
s1solqy o0sAa Jo abpajmouy

6

3%, SO



+00s$ [ |

005-00¢$ [ | ooe-00zs [ | 0020048 [ |

001058 [ | osgueussel [ ] seid [ |

i1sa] 1awen sisouqy 20540 e Joy Aed 01 aoud ajqeuosesds e s1 yuiyy nof op IBYM 71

[ v € z L 8UO S5IM E SEM UDISDap aY] 9
5 y £ z I wiey Jo Joj E 8L pIp 821042 3Y| P 3 v € ¢ . (Aypads aseald) 2O 11
uiefie 110 )1 Op 0} pEY buusans
[ ¥ Iy 7 L | 41 920U SWES S} SYEW PNOM | "2 I8LLIED Sisouql) 21542 SAEY JoU 0} UoISIap sU) Bunjew nof ul sem )i [EQUSR|UL MOY S1EDIPUI
pue mojaq a2eds au ul § sjum aseald ‘aaoge palsl| 10U S 1BY) UOSES] JSUIOUR SEM 218U J|
5 ¥ € z L SpewW sem JEY) 3210y ay) jaubar | q
sisouqy asho
oy Aaueubaud jo uoneuluwus)
1 4 £ C L uoisap Jybu sy sem ) e g ¥ € rd 1 E J3pDISUDD JoU pInos | 0|
LOSES]
oW p R
23 m a fue 1oy Aoueubaid jo uoneulwwsy
L= 3
3 g g 4 € z ! B JSPISUCD JOU pjnom | G

Apeaps srew sy nok no ssoun ‘pui inok abueys nod Jj suonsanb 158} Bulusaios JaLued

Aue diys Jou op pue uogsanb yoea oy saquinu auo Ajuo appar) “apew nok uoispap ay) G - £ z | SIS0UqY NSAD BY) J0 1509 8Y] g
noge |93} NoA MOy MoYs 1Saq JeY) SpIom aU) sjuasaldal yoiym Jaquuinu au) 3j aseald ’ ’
*SNOLLDNYILSNI

UBIpIY2 Py

5 v £ z l fupeay pey Ajsnoiaid arey | *)
bunjew uoisioag
5@ 50
£ uonoas 23 ge
2a g g5
B=< 8~
(=1

e = %]

;5,
E
¢



‘parerdaidde Ajeaib si uonediaied InoA

‘Aaruns siy1 bunsjdwos 10y noA-yueyy

ainsun D oM D s2A D

41 3y
pInoM OuMm SSOL 10} B|qe|IBAR a pnoys Buusalas Jewes sisouqy o054 yuiy nok og

alnsun D Aoueubsid Buung D faueubald sioeg D

8 1534 SY) 3 pnom Juiyl nod op usym ‘sak j| e

aInsun D oN D SA D

4w Jayjoue Je pajsa) aq o} fjunpoddo syy pasayo aq of ay| nof pnopy g

‘(hynads asead) JBu0 D
JO[|BSUNCS) JEURD) D

spusLI e D

ZLUOYM UM 10 318Um Woly ‘saf j| e

on () soA [ ]

Fuoisiaap nof Bunjew alojaq Buiusaids Jslwed sisoiqy JnsAa
10 s1s04q1 23542 INOQE UonEWLIOMUI ISYLINY fUE Y555 10 SUOSLIOS UIM SSNIsIp nof pig g

-

ansin (] o (] o (]
iausqam weiboid
Buiussuas Jawed sisouqy sS40 BUOIIA S8MES Uleay Jneuss) ay) Je yoo| nod pig -

aInsun D oN D saA D

£3INY201q U} ul paplacad UCHELLLIOIU Sy Yliam palsiies nof aispy, -

Apoads ssesid LU0 J|

BUIO D ausgem [ | anyooig | sopog [ ]

iBuuaains Jalwed ssouqy

ansha pue sisolqy 21542 noge uoneuuojul nok jo Auolew ay) aassal nof pip alsypy -

£mouy o} pal] sABY NOA pnom 3si3 JeyMm ‘ou | e

aunsun B oN D EETY D

£Buiuaalns Jalues

sisouqy onsfa Buiaey noqe uoisiaap B ayeLl o) uoiewlojul ybnous pey nod [gsp nof pig -

uUo/1eINP3 pUE UoNBeWLIoLU|

'p Uonaas




*

Genetic Screening
Questionnaire

Thank you for completing this questionnaire. This questionnaire
explores your attitudes and opinions towards screening for
inherited conditions. These are genetic conditions that can be
inherited from healthy parents for which options are available if
they wish to prevent the birth of a child with the condition.

For further information please contact: Liane loannou
PhD Scholar
Bruce Lefroy Centre for Genetic Health Research
Murdoch Childrens Research Institute
liane.ioannou@mcri.edu.au

(03) 9936-6514
Murdoch Childrens o . .
Research Insitte GENETICHEALTH 73 MONASH University
Vestthivs Fids. Heslthser T Vv B al( fLICS SPIVICE &
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il & b

7. Would you like to have been offered camer screening for cystic fibrosis in this

pregnancy?

D Yes D Mo D Unsure

a. If Yes, would you have accepted the offer?

(] es L (] unsure

b. If No, would you have accepted the offer before you became pregnant?

(] Yes [ Jno (] unsure

Thank-you for completing this survey.

Your participation is greatly appreciated.

If you wish to find out more about cystic fibrosis carrier screening please

contact:

Genetic Health Senvices Victona
(03) 8341 6201

Or visit the website:

www.cfscreening.com
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Appendix C

Supplementary material

This appendix contains supplementary information for the publication ‘Population-
based carrier screening for cystic fibrosis: A systematic review of 23 years of

research.’
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First Author Year |Country Setting Method Testing Uptake
Axworthy et al. 1996 |UK General Pop. Quant Offered

Bekker et al. 1994 |UK General Pop. Mixed Offered 17.3%
Bekker et al. 1993 UK General Pop. Quant Offered 17.0%
Bernhardt et al. 1996 |USA General Pop. Quant Offered 23.5%
Botkin & Alemagno 1992 |USA Prenatal Quant Attitude

Boulton et al. 1996 |UK General Pop. Mixed Offered

Brandt et al. 1996 |Denmark General Pop. Quant Offered

Brock et al. 1996 |UK Prenatal Program Evaluation Offered 69.0 - 71.0%
Castellani et al. 2011 |Italy Preconception Quant Offered

Clausen et al. 1996 |Denmark Prenatal Quant Offered 89.0%
Clausen et al. 1996 |Denmark Prenatal Quant Offered 80.0 - 98.0%
Clayteon et al. 1995 |USA Preconception Quant Offered

Clayton et al. 1996 |USA Preconception Quant Offered <1.0%
Cobb et al. 1991 |UK Preconception Quant Attitude

Coiana et al. 2011 |Italy General Pop. Quant Offered

Cuckle et al. 1996 |UK Prenatal Quant Offered 62.0%
Dacus et al. 2006 |UsSA Prenatal Program Evaluation Offered 46.0%
Decruyenaere et al. 1992 |Belgium General Pop. Quant Attitude

Delvaux et al. 2001 |Belgium Prenatal Quant Offered 27.0%
Doherty et al. 1996 |USA Prenatal Mixed Offered

Donaldson et al. 1995 |UK Prenatal Quant Offered 89.0 - 91.0%
Durfy et al. 1994 |Canada Preconception Quant Offered 84.29%,
Fang et al. 1997 |USA Prenatal Quant Offered

Flinter et al. 1992 |UK General Pop. Program Evaluation Offered 20.0%
Fries et al. 2005 |USA Prenatal Quant Offered 58.204
Gordon et al. 2003 |Australia Preconception Quant Offered

Green et al. 1992 |UK General Pop. Quant Attitude

Grody et al. 1997 |USA Prenatal Quant Offered 67.0%
Hall et al. 2006 |Australia General Pop. Mixed Attitude

Harris et al. 1993 |UK Prenatal Mixed Offered 95.7%,
Harris et al. 1996 |UK Prenatal Mixed Offered 98.7%
Harris et al. 1992 UK Prenatal Mixed Offered

Hartley et al. 1997 |UK Preconception Mixed Offered 84.9%
Henneman et al. 2001 |Netherlands Preconception Quant Offered 2.0%
Henneman et al. 2002 |Netherlands Preconception Quant Offered

Henneman et al. 2003 |Netherlands Preconception Quant Offered 5.2 - 15.0%
Henneman et al. 2004 |Netherlands Preconception Quant Offered 9.0 - 25.0%
Hill et al. 1995 |UK General Pop. Quant Attitude

Honnor et al. 2000 |Australia Preconception Quant Offered 43.5%
Ioannou et al. 2010 |Australia General Pop. Quant Offered

Ioannou et al. 2010 |Australia Prenatal Quant Offered

Jung et al. 1994 |Germany Prenatal Qual Offered 99.8%
Kaplan et al. 1991 |Canada Preconception Mixed Offered 40.7%
Levenkron et al. 1997 |USA Prenatal Quant Offered

Livingstone et al. 1994 |UK Prenatal Quant Offered 75.7%
Livingstone et al. 1993 |UK Prenatal Quant Offered 65.2%
Loader et al. 1996 |USA Prenatal Quant Offered 57.0%
Magnay et al. 1992 |UK General Pop. Quant Attitude

Marteau et al. 1997 |UK General Pop. Quant Offered
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First Author Year |Country Setting Method Testing Uptake
Marteau et al. 1999 |UK Prenatal Quant Offered

Massie et al. 2009 |Australia General Pop. Program Evaluation Offered

McClaren et al. 2008 |Australia General Pop. Qual Attitude

Melancon & De Braekeleer 1996 |Canada Preconception Quant Attitude

Mennie et al. 1993 |UK Prenatal Quant Offered

Mennie et al. 1993 |UK Prenatal Quant Offered

Mennie et al. 1992 |UK Prenatal Quant Offered 72.8%
Mennie et al. 1993 |UK Prenatal Quant Offered

Mennie et al. 1992 |UK Prenatal Quant Offered

Miedzybrodzka et al. 1995 [Netherlands Prenatal Quant Offered 89.0 - 91.0%
Mitchell et al. 1993 |Canada Preconception Quant Offered 42.0%
Myers et al. 1994 |UsSA General Pop. Qual Attitude

Neiger et al. 1992 |USA Preconception Quant Attitude

O’Conner & Cappelli 1999 |Canada General Pop. Quant Attitude

Ormond et al. 2003 |USA General Pop. Quant Offered

Payne et al. 1997 |UK Preconception Quant Offered 31.0%
Poppelaars et al. 2003 |Netherlands Preconception Quant Attitude

Poppelaars et al. 2004 |Netherlands Preconception Quant Attitude

Poppelaars et al. 2003 |Netherlands Preconception Qual Attitude

Schwartz et al. 1993 |Denmark Prenatal Program Evaluation Offered 89.2%
Slostad et al. 2007 |USA Preconception Program Evaluation Offered 2.20,
Sparbel et al. 2007 |USA Prenatal Qual Offered

Sparbel & Williams 2009 |USA Prenatal Qual Offered

Strum & Ormond 2004 |USA Prenatal Qual Offered 43.0%
Tambor et al. 1994 |UsSA General Pop. Quant Offered 13.6 - 39.2%
Ten Kate & Tijmstra 1989 |Netherlands General Pop. Quant Attitude

Ten Kate & Tijmstra 1990 |Netherlands General Pop. Quant Attitude

Twal et al. 1998 |USA General Pop. Mixed Attitude

Wake et al. 1996 |Australia Preconception Quant Offered 8.0%
Wald et al. 1995 |UK Prenatal Quant Offered 67.0%
Watson et al. 1991 |UK Preconception Quant Offered 66.0 - 87.0%
Watsaon et al. 1992 |UK Preconception Quant Offered

Watson et al. 1991 |UK Preconception Quant Attitude

Welkenhuysen et al. 1996 |Belgium Preconception Mixed Attitude

Williamson et al. 1989 |UK General Pop. Mixed Attitude

Witt et al. 1996 |USA Prenatal Mixed Offered 78.0%
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Appendix D
GHSV CF information brochure

This appendix contains the information brochure on CF and CF screening
that is provided to individuals who wish to have screening in the GHSC CF carrier

screening pack.
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Abstract

A population-based cystic fibrosis (CF) carrier screening pro-
gram was introduced in Victoria, Australia in 2006, and was
offered to couples planning a pregnancy or in early preg-
nancy for a fee. Individuals received pre-test advice from
their doctor and through a brochure. Carriers identified re-
ceived genetic counseling. The aim of this study was to as-
sessthe attitudes of people undertaking screening. Between
January 2006 and June 2008 all carriers (n = 79) and a ran-
domly selected cohort of non-carriers (n = 162) were invited
to participate. A purpose-designed questionnaire explored
the following domains: knowledge, recollection and mean-
ing of carrier status, reasons for having screening, anxiety
and communication of results to family members. Forty-sev-
en carriers (62%) and 65 non-carriers (41%) returned the
questionnaire. Most participants were female (97%) aged
35-39 (469%). The main reasons for choosing screening were
the perception of CF as a severe condition and a doctor's
recommendation. All carriers correctly recalled their carrier

status and the risk of having a child with CF, while 3 non-car-
riers (4.7%) were unsure of their carrier status and 12 (229%)
incorrectly recalled their residual risk. Carriers answered the
knowledge questions correctly more often than non-carri-
ers. There was no difference in anxiety between carriers and
non-carriers. The majority of carriers informed relatives of
their increased risk of being a carrier. We conclude that par-
ticipants’ attitude towards carrier screening for CF was gen-
erally very positive. Our model of screening could be applied

on a larger scale. Copyright ©2010 S. Karger AG, Basel

Cystic fibrosis (CF) is the most common severe auto-
somal recessive disease in childhood among Caucasians,
with a birth prevalence of about 1 in 2,500 live births and
a carrier frequency of approximately 1 in 25 [1]. In the
state of Victoria, Australia, which has a population of
about 5 million, there are approximately 200,000 hetero-
zygous carriers of CF and 20 children with CF born each
year [2]. The main clinical features are chronic suppura-
tive lung disease and pancreatic exocrine insufficiency
[3]. Although treatments have prolonged life expectancy
to the mid thirties, there is no cure for CF. Quality of life,
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particularly for individuals with end stage disease, is
poor [4].

Carrier screening for CF offers couples who are both
carriers reproductive choices regarding the birth of a
child with CF and reassurance of the low risk of having
an affected child if they are not carriers. The current sit-
uation in Australia is that relatives of people with CF or
known carriers are offered carrier testing for the known
gene mutation in their relative. However, the reality is
that more than 95% of CF carriers have no family history
of the condition [5]. Population carrier screening refers to
the screening of individuals who have no family history
of the condition [6]. Remembering that 4% of the Austra-
lian population are carriers, population-based carrier
screening makes sense [7].

Following the U.S. National Institutes of Health and
the American College of Obstetricians and Gynaecolo-
gists and the American College of Medical Genetics rec-
ommending CF carrier screening [6], a fee-for-service CF
carrier screening program was introduced in Victoria,
Australia in 2006. However, there has been little explo-
ration of the characteristics of individuals who might
choose to have CF carrier screening in Australia. Honnor
etal. [8], seeking to gauge test acceptance in the commu-
nity, offered CF carrier screening in a primary care set-
ting in Western Australia. A similar study was conducted
in a variety of different settings in New South Wales in-
cluding hospitals, workplaces and high schools with good
community test acceptance [9].

Here we report the results of a study determining the
attitudes towards genetic screening for CF in Victoria,
Australia. The aims of this study were to explore reasons
for having screening, knowledge of CF, recollection, un-
derstanding and impact of carrier status and communi-
cation of results to family members.

Subjects and Methods

Carrier Screening Program

A population-based CF carrier screening program was imple-
mented in 2006 by Genetic Health Services Victoria (GHSV). CF
carrier screening was offered to couples planning a pregnancy or
during the early stages of pregnancy by obstetricians and general
practitioners [7]. Pre-test information was supplied in the form of
a brochure (available at www.cfscreening.com.au).Testing was by
cheek swab with the swab posted to the DNA laboratory at GHSV
and tested for 12 CFTR gene mutations. Both partners were en-
couraged to undertake testing together, although generally one
partner was tested and the other partner was tested only if the first
tested individual was identified as a carrier. All carriers under-
went free genetic counseling including free cascade testing for

450 Public Health Genomics 2010;13:449-456

partners and family members. Non-carriers were not offered for-
mal genetic counseling through the program although they could
contact the service to discuss their result. Very few did this. Car-
riers were informed of their carrier result by telephone and either
had genetic counseling over the telephone at the time of receiving
their result or had face-to-face counseling. The test cost AUD 200
and there is no government or health insurance rebate for the
test.

Subjects

All individuals identified as carriers (n = 79) and a random
sample of non-carriers (n = 162) were sent an invitation to par-
ticipate. Subjects had been screened between January 2006 and
June 2008. The non-carriers were randomly selected by choosing
every 15th non-carrier in the files to result in a sample of 2 non-
carriers for every carrier [10]. Carrier couples were excluded from

the study.

Questionnaire

The questionnaire was designed to address the following do-
mains: demographic variables, knowledge of CF, anxiety levels at
the time of completing the questionnaire, reasons for participat-
ing in screening, recollection of carrier test result and meaning of
carrier status. The knowledge questions were sourced from vali-
dated surveys assessing the impact of cascade testing on families
affected with CF and evaluating school-based Tay Sachs disease
genetic screening programs [11]. The anxiety scale used in the
questionnaire was the validated, short version of the State Trait
Anxiety Inventory (STAI) [12].

The questionnaire was returned in a reply-paid envelope. The
questionnaires were identified by a study number allowing re-
minder letters to be sent to non-responders 3 weeks after the first
mail-out. If the questionnaire was not sent back after one remind-
er no further contact was made.

Analysis

Data analysis was conducted using SPSS Version 16.0. Prelim-
inary descriptive analysis generated frequency data to elicit the
description and attitudes of respondents. This was followed by
comparisons between groups defined by carrier status. Statistical
significance of between-group comparisons were assessed using
x’ tests of association for categorical variables. Where variables
had more than 2 categories, degrees of freedom are given with the
x’ statistic. As anxiety scores were not normally distributed, box
plots of scores are presented for each group, and between-group
comparisons were assessed for statistical significance using the
Mann-Whitney U test.

This study was approved by the Human Research Ethics Com-
mittee of the Department of Human Services, Victoria, Australia
(HREC 15/05).

Results

Response

Questionnaires were sent to 241 eligible individuals,
79 carriers and 162 non-carriers. A total of 112 completed
questionnaires were received, 47 from carriers, with a re-

Ioannou/Massie/Collins/McClaren/
Delatycki
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Table 1. Demographic characteristics of participants

Demographic Categories Participants
Gender Male 3(3%)
n=112 Female 109 (97%)
Age (years) 25-29 9 (8%)
n=109 30-34 32 (29%)
35-39 54 (50%)
>39 14 (13%)
Carrier status Non-carrier 65 (58%)
n=112 Carrier 47 (42%)
Highest completed level of education Secondary school only 9 (8%)
n =107 Trade/apprenticeship 1(1%)
College certificate or diploma 20 (19%)
University degree 77 (72%)
Current occupation Managerial 30 (28%)
n=106 Professional 46 (44%)
Office duties 13 (12%)
Skilled/trades 16 (15%)
Unskilled 1(1%)
Household income, AUD x 103 <60 10 (10%)
n=104 61-80 10 (10%)
81-100 14 (13%)
>100 70 (67%)
Partner at time of testing Yes 107 (98%)
n=109 No 2(2%)
Pregnant at time of testing Yes 90 (83%)
n=109 No 19 (17%)
Number of children at time of testing 0 31 (29%)
n =107 1 50 (47%)
2 20 (19%)
3 or more 6 (5%)

n = Number of actual responses provided, as not all questions were answered by all participants.

sponse rate of 62%, and 65 from non-carriers, with a re-
sponse rate of 41%.

Demographic Variables

Demographic features of the cohort are presented in
table 1. Most respondents were female (97%) with only 3
males (3%) participating in the study. Of the 112 partici-
pants, 98% had a partner and 83% were pregnant at the
time of being offered CF carrier screening.

Reasons for Having Screening

Participants were asked to rate factors that influenced
their decision to participate in CF carrier screening on a
5-point Likert scale, 1 being ‘did not influence’ and 5 be-

Attitudinal Study of Cystic Fibrosis
Screening

ing ‘strongly influenced’. For analysis, points 1 and 2 were
combined to form the category ‘did not influence’, the
middle point 3 was neutral and points 4 and 5 were com-
bined to form the category ‘influenced’ (fig. 1).

The most influential factor for participating in CF car-
rier screening was the perception that CF is a severe dis-
ease (72%) followed by their doctor’s recommendation
(58%). Partner’s opinion towards CF carrier screening
was influential for 45 participants (41%) while 44 par-
ticipants (40%) indicated their partner’s opinion did not
influence their decision. The majority of participants
(87%) stated that their perception of being a carrier of CF
was not an influencing factor in participating in screen-
ing.

Public Health Genomics 2010;13:449-456 451
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Fig. 1. Level of influence of various factors in the decision to par-
ticipate in CF carrier screening.

Knowledge of Carrier Status

All 47 carriers (100%) correctly recalled their carrier
screening result while 3 (5%) non-carriers were unsure
of their carrier screening result. Participants were asked
in an open-ended question to explain their CF carrier
screening test result with respect to their risk of having
a child with CF (table 2). Seventeen carriers (42%) re-
sponded that their risk of having a child with CF was
dependent on their partner’s result, while 9 (22%) carri-
ers stated that they had an increased or high risk of hav-
ing a child with CF. Thirty-three non-carriers (60%) re-
sponded that their risk of havinga child with CF was low,
while 12 (22%) stated that they have no risk of having a
child with CF.

Knowledge of CF

Participants were asked to answer 15 questions re-
garding CF and carrier screening (fig. 2). They were re-
quired to select 1 of 3 options: true, false, unsure. There
were 4 knowledge questions in which less than 50% of
both carriers and non-carriers were correct. These were:
(a) if no gene change is found they cannot be a carrier;
(b) CF test can identify all carriers; (c) carriers usually
have a family history; (d) affects more males than fe-
males.

Five of the fifteen questions were answered correctly
significantly more frequently by carriers compared with
non-carriers. These were: (a) a carrier couple can have a

452 Public Health Genomics 2010;13:449-456

Table 2. Meaning of results with respect to risk of having a child
with CF

n %

Carriers

Dependent on partner’s result 17 41.5
Increased or high risk 9 219
1 in 500 8 19.5
Low risk 5 12.2
Child could be a carrier 2 49
Non-carriers

Low risk 33 60.0
No risk 12 21.8
Atease 6 11.0
Don’t know 2 36
1 in 500 1 1.8
Child could be a carrier 1 1.8

n = Number of actual responses provided, as not all questions
were answered by all participants.

child who does not have CF (x% = 8.52, p < 0.01); (b) CF
test can identify all CF carriers (x* = 4.48, p = 0.03); (c) if
only one parent is identified as a carrier there is still a
small chance of having a child with CF (x* = 6.76, p =
0.01); (d) need to be screened for CF carrier status every
time you have a baby (x? = 4.50, p = 0.03); (e) partner de-
termines risk as couple (x? = 7.88, p = 0.01). No questions
were answered correctly more often by non-carriers than
carriers.

Anxiety

The STAI scores for carriers ranged from 20 to 60,
with a median of 33, while the STAI scores for non-car-
riers ranged from 20 to 70, with a median of 30. There
was no significant difference for anxiety scores in carri-
ers compared to non-carriers (p = 0.56).

Attitudes towards Screening

The attitudes towards screening are presented in ta-
ble 3. Most carriers (98%) and non-carriers (87%) believe
the best time to offer CF carrier screening is before preg-
nancy. Significantly more carriers (94%) than non-carri-
ers (41%) recommended carrier screening to others (x* =
31.88, p < 0.01). The vast majority of both carriers (96%)
and non-carriers (97%) stated that if they had their time
again they would still have CF carrier screening.

Ioannou/Massie/Collins/McClaren/
Delatycki
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A person with CF inherits gene from both parents (T)

CF is an inherited condition (T) —

CF is a condition that affects the lungs (T)

Fig. 2. Percentage of participants who cor-
rectly answered each CF knowledge ques-
tion according to carrier status. * p<0.05 CF is a life shortening condition (T)

for comparison of percent correct in carri- | . . . . .
0 20 40 60 80 100

CF affects more males than females (F)

€rs Versus non-carriers using x” tests. The
correct answer is provided in parentheses
(T = true, F = false).
Table 3. Attitudes towards screening according to carrier status
Categories Carrier Non-carrier
n (%) n (%)
Best time to offer Before pregnancy 46 (989%) 53 (87%)
n=108 During pregnancy 0 (0%) 4 (6.5%)
Unsure 1(2%) 4 (6.5%)
Recommended to others Yes 44 (949%) 26 (41%)
n=111 No 3 (6%) 37 (58%)
Unsure 0(0%) 1(1%)
If had time again would do again Yes 45 (96%) 61 (97%)
n=110 No 1(2%) 1(1.5%)
Unsure 1(2%) 1(1.5%)

n = Number of actual responses provided, as not all questions were answered by all participants

Attitudes of Carriers to Family Communication and Discussion

Testing

Forty-five (96%) of the carriers informed 95 family This is the first study to evaluate participantsin a pop-
members of their result (table 4). Sixteen carriers (34%) ulation-based CF carrier screening program in Austra-
reported that they had relatives who had been tested. lia. Most participants were women and already pregnant
Attitudinal Study of Cystic Fibrosis Public Health Genomics 2010;13:449-456 453

Screening



Table 4. Communication of increased risk of carrier status to
family

Categories n (%)
Informed family Yes 45 (96%)
n=47 No 2 (4%)
Informed who* Parent/s 34 (76%)
n=45 Sibling/s 41 (91%)
Aunt/uncle 7 (16%)
Cousin/s 13 (29%)
Informed why Childbearing age/ 22 (50%)
n=44 planning pregnancy
Awareness/interest 7 (16%)
At risk 6 (14%)
Implications for next 4 (9%)
generation
Support/advice 3(7%)
Other 2 (4%)
Family tested Yes 16 (34%)
n=47 No 27 (58%)
Unsure 4 (8%)
Tested* Parent/s 5(31%)
n=16 Sibling/s 11 (69%)
Aunt/uncle 0(0%)
Cousin/s 1 (6%)
Other 2(13%)

n = Number of actual responses provided by carriers, as not
all questions were answered by all carriers. * Carriers could select
more than one response.

at the time of screening. They generally chose to be
screened because of a perception that CF is a serious dis-
ease and because of a recommendation by their doctor.
Carriers recalled their result and its implications better
than non-carriers, probably due to their result being
more significant and because of the additional genetic
counseling received. Carriers were not more anxious as
aresult of the screening test than non-carriers. Most car-
riers informed members of their family of their increased
risk of being a CF carrier, and many relatives followed
through with cascade family testing. Despite most being
pregnant at the time of testing, participants recommend-
ed carrier screening should be undertaken prior to con-
ception.

The majority of participants in this study were well
educated, atfluent women between 30 and 40 years of age.
The demographics of our participants reflect the setting
in which screening is offered, mainly through private ob-

454 Public Health Genomics 2010;13:449-456

stetricians and some shared care general practitioners.
This may have implications for generalizability of our re-
sults to the Australian population. The cost of AUD 200
is likely to have been a barrier to some. Similarly, the lack
of government support may be an indication to some peo-
ple that CF carrier screening is not necessary. Most peo-
ple tested were women, reflecting attendance at prenatal
medical visits and a sense of responsibility for testing.
Most participants had no children or only one child at the
time of screening. This is in keeping with evidence that
women without children are more likely to have screen-
ing than those with children [8]. This may be due to wom-
en with children without CF believing that they are not
at risk.

The main reason participants stated they had CF car-
rier screening was the perception that CF is a severe dis-
ease. It is unclear whether many knew about CF prior to
the offer of screening and it is likely the severity was
judged from the pre-test information brochure. The at-
titude of the treating doctor was also an important factor
in the decision to screen. Higher uptake of screening is
associated with an active offer of screening from the
treating doctor, which includes providing the CF infor-
mation pack and discussing screening, while lower up-
take is associated with a passive offer of screening, which
involves including information on CF screening with the
other information pamphlets provided [13]. This was cit-
ed as a key factor by McClaren et al. [14] who interviewed
pregnant women and their partners regarding factors
that may influence their decision to have CF carrier
screening. In a study exploring the attitudes of non-preg-
nant couples towards the offer of free CF carrier screen-
ing, Clayton et al. [13] found that the most influential
factors in participating in screening were the opinions of
both doctor and partner. However, less than half of par-
ticipants in our study stated that their partner’s opinion
influenced their decision to have screening. The findings
of our study may reflect the fact that women often attend
obstetrician appointments unaccompanied by their part-
ner. This was noted by Wald et al. [15] who found that
46% of women in their study attended obstetrician ap-
pointments alone.

We hypothesized that the perception that individuals
were likely to be carriers of CF would be an important
tactor in choosing to be screened based on the findings of
Fangetal. [16]. However, this was not the case. Henneman
et al. [17] presented similar findings from a study of pre-
conception carrier couple screening. Interestingly the
uptake of cascade family testing for CF carriers following
the diagnosis of CF by newborn screening for CF has

Ioannou/Massie/Collins/McClaren/
Delatycki



been poor even though relatives are at high risk of being
carriers [18]. The consideration of pregnancy termina-
tion in certain circumstances was an influential factor for
nearly half of the participants in this study. Similarly,
Levenkron et al. [19] found that pregnant women who
had CF carrier testing had an accepting attitude towards
pregnancy termination.

The recollection of carrier status was high for both
carriers and non-carriers despite a time lag between test-
ing and questioning of over 12 months in many instances.
Carriers had better knowledge of CF and screening than
non-carriers. The most important point was the lack of
understanding about residual risk by non-carriers. Re-
sidual risk is covered in the pre-test brochure but also
may not be easily understood by those being screened.
Carriers received genetic counseling whereas non-carri-
ers did not and this is the most likely reason for the better
knowledge of the former group.

We showed that there was no difference in anxiety lev-
els between carriers and non-carriers at the time of com-
pleting the questionnaire. This is an important finding as
an argument against population-based carrier screening
is the detection of carriers who may consider they have
the disease or who may remain anxious about the result.
The low level of anxiety shown by carriers is likely to be
a reflection of the genetic counseling they received. Le-
venkron et al. [19] found that the anxiety levels after re-
ceiving a positive test result (carrier) was significantly re-
duced following genetic counseling.

We found that having been through screening, most
participants felt that the best time to offer CF carrier
screening is before pregnancy. This isa common finding
from other studies [19-21], however, preconception car-
rier screening is difficult to achieve. This is because of
the low attendance at general practice of healthy young
women (and men) with most people attending for preg-
nancy advice when already pregnant. Furthermore,
while intention to participate in screening has been
shown to be high it has been associated with low uptake
rates [21]. In an exploration of attitudes to carrier screen-
ing in Australia, McClaren et al. [14] found that unless
already pregnant, testing for CF was not considered rel-
evant to many.

The majority of carriers in the present study reported
that they had recommended carrier screening to others.
Although the positive endorsement of our program was
less by non-carriers, only one carrier and one non-car-
rier regretted their decision to participate in CF carrier
screening. It is likely that carriers, who received addi-
tional genetic counseling, recognized the importance of

Attitudinal Study of Cystic Fibrosis
Screening

screening. The low numbers regretting involvement with
screening is a positive reflection of the pre-test informa-
tion and informed decision to participate and deal with
the consequences of the result. In a similar study con-
cerned with test acceptance and follow-up one year after
screening, Levenkron et al. [19] studied 124 carriers and
showed that while the majority of carriers would recom-
mend CF screening to others, 12% regretted their deci-
sion to participate in the program due to anxiety and
stress while waiting for their partner’s result. By contrast,
Henneman et al. [22] reported that all carriers identified
in their study would make the same decision to partici-
pate in screening.

Most carriers identified in our population-based pro-
gram informed family members of their increased risk of
being a CF carrier. The main reason for passing informa-
tion to at risk relatives was the age of the relative and their
reproductive plans, with relatives of childbearing age or
those planning a pregnancy being the most likely to have
been informed. Ormond et al. [23] found the main reason
for disclosure of genetic information is a close bond with
the relative and is dependent on the relationship status,
with the main reason for non-disclosure being that the
relative is not in a significant relationship. Despite many
carriers telling at-risk family members about CF screen-
ing, only 16 carriers reported that family members had
undergone testing. This is likely to be the lowest estimate
of tested relatives as participants may have been unaware
of their relatives’ testing status. Ormond et al. [23] also
found that while the passing of information or recom-
mendation by carriers to at-risk relatives is high, the
screening of these relatives as a result of this information
or recommendation is low. This is similar to the low rate
of cascade family testing after newborn screening for CF
in Australia [18].

There are a few limitations of this study. Our program
is based on fee-for-service testing and not every obstetri-
cian or shared care general practitioner informs their pa-
tients of the availability of CF carrier testing. As such, the
target population for this study is not likely to be repre-
sentative of the Australian population. The overall re-
sponse rate was just under 50%. Although this is gener-
ally considered a satisfactory response rate for this type
of study, where individuals are approached by mail with-
out prior knowledge of the study, it was not possible to
determine how representative the responders were of the
total tested population. There is very limited information
available on non-responders.

Our program of population-based carrier screening
for CF can safely identify carriers without inducing un-

Public Health Genomics 2010;13:449-456 455
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necessary anxiety and enable them to pass this informa-

tion on to relatives. We would recommend pre-concep-

tion carrier screening where possible. With government
funding, this model of screening could be applied on a
larger scale enabling equity of access.

>

»2

>3

>y

»5

»6

»7

g

»9

References

Massie [, Olsen M, Glazner ], Robertson CF,
Francis I: Newborn screening for cystic fi-
brosis in Victoria: 10 years’ experience
(1989-1998). Med J Aust 2000;172:584-587.
Collins V, Williamson R: Providing services
for families with a genetic condition: a con-
trast between cystic fibrosis and Down syn-
drome. Pediatrics 2003;112:1177-1180.
Rowe SM, Miller S, Sorscher EJ: Cystic fibro-
sis. New Engl ] Med 2005;352:1992-2001.
Elborn J§, Shale DJ, Britton JR: Cystic fibro-
sis: current survival and population esti-
mates to the year 2000, Thorax 1991;46:881—
885.

Boulton M, Cummings C, Williamson R:
The views of general practitioners on com-
munity carrier screening for cystic fibrosis.
Br ] Gen Pract 1996;46:299-301.

Grody WW, Cutting GR, Klinger KW, Rich-
ards SC, Watson MS, Desnick R]: Laboratory
standards and guidelines for population-
based cystic fibrosis carrier screening. Genet
Med 2001;3:149-154.

Massie ], Delatycki MB, Bankier A: Screen-
ing couples for cystic fibrosis carrier status:
why are we waiting? Med ] Aust 2005;183:
501-502.

Honnor M, Zubrick SR, Walpole I, Bower C,
Goldblatt J: Population screening for cystic
fibrosis in Western Australia: community
response. Am ] Med Genet 2000;93:198-
204.

Wake SA, Rogers CJ, Colley PW, Hieatt EA,
Jenner CF, Turner GM: Cystic fibrosis car-
rier screening in two New South Wales coun-
try towns. Med ] Aust 1996;164:471-474.

10

>11

»12

>13

> 14

»15

> 15

Czaja R, Blair J: Designing Surveys: A Guide
to Decisions and Procedures, ed 2. Thousand
Oaks, Print Forge Press, 2005.

Gason AA, Metcalfe SA, Delatycki MB, Pe-
trou V, Sheffield E, Bankier A, Aitken M: Tay
Sachs disease carrier screening in schools:
educational alternatives and cheekbrush
sampling. Genet Med 2005;7:626-632.
Marteau TM, Bekker H: The development of
a six-item short-form of the state scale of the
Spielberger State-Trait Anxiety Inventory
(STAI). BrJ Clin Psychol 1992;31:301-306.
Clayton EW, Hannig VL, Pfotenhauer JP,
Parker RA, Campbell PW 3rd, Phillips JA
3rd: Lack of interest by nonpregnant couples
in population-based cystic fibrosis carrier
screening. Am ] Hum Genet 1996;58:617-
627.

McClaren BJ, Delatycki MB, Collins V, Met-
calfe SA, Aitken M: ‘Ttis not in my world: an
exploration of attitudes and influences asso-
ciated with cystic fibrosis carrier screening.
Eur ] Hum Genet 2008;16:435-444,

‘Wald NJ, George L, Wald N, MacKenzie IZ:
Further observations in connection with
couple screening for cystic fibrosis. Prenat
Diagn 1995;15:589-590.

Fang CY, Dunkel-Schetter C, Tatsugawa ZH,
Fox MA, Bass HN, Crandall BF, Grody WW:
Attitudes toward genetic carrier screening
for cystic fibrosis among pregnant women:
the role of health beliefs and avoidant coping
style. Womens Health 1997;3:31-51.

456

Public Health Genomics 2010;13:449-456

> 17

>3

»19

»20

L )|

»22

»23

Acknowledgements

We thank Agnes Bankier, Vicki Petrou and the GHSV CF lab-
oratory team. M.B. Delatycki is an NHMRC Practitioner Fellow.

Henneman L, Bramsen I, van der Ploeg HM,
Ader HJ, van der Horst HE, Gille JJ, ten Kate
LP: Participation in preconceptional carrier
couple screening: characteristics, attitudes,
and knowledge of both partners. ] Med Ge-
net 2001;38:695-703.

McClaren BJ, Aitken M, Massie ], Metcalfe
SA, Amor DJ: Cascade carrier testing for cys-
tic fibrosis: an Australian experience. Ab-
stracts of the 31st European Cystic Fibrosis
Conference. ] Cyst Fibros 2008;7:52.
Levenkron JC, Loader S, Rowley PT: Carrier
screening for cystic fibrosis: test acceptance
and one year follow-up. Am | Med Genet
1997;73:378-386.

Botkin JR, Alemagno S: Carrier screening
for cystic fibrosis: a pilot study of the atti-
tudes of pregnant women. Am ] Public
Health 1992;82:723-725.

Watson EK, Marchant ], Bush A, Williamson
B: Attitudes towards prenatal diagnosis and
carrier screening for cystic fibrosis among
the parents of patients in a paediatric cystic
fibrosis clinic. ] Med Genet 1992;29:490—
491.

Henneman L, Bramsen I, van der Ploeg HM,
ten Kate LP: Preconception cystic fibrosis
carrier couple screening: impact, under-
standing, and satisfaction. Genet Test 2002;
6:195-203.

Ormond KE, Mills PL, Lester LA, Ross LF:
Effect of family history on disclosure pat-
terns of cystic fibrosis carrier status. Am J
Med Genet 2003;119:70-77.

Ioannou/Massie/Collins/McClaren/
Delatycki

229



Twin Research and Human Genetics
page 1 of 7 1 © The Authors 2013 I doi:10.1017/thg.2012.152

Current Practice and Attitudes of Australian
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An anonymous survey of Australian Fellows of the Royal Australian and New Zealand College of Obste-
tricians and Gynaecologists was conducted with the aim of understanding current practice and attitudes
toward population-based carrier screening for inherited conditions in the setting of routine pregnancy
care. Of 1,121 Fellows invited to complete the online questionnaire by e-mail, 237 (21%) responded, and
of these 156 were practicing obstetricians and completed the whole survey. Of the respondents, 83% ex-
pressed support for population-based carrier screening for at least some conditions, with 97% supporting
carrier screening for B-thalassaemia, and 83% supporting carrier screening for cystic fibrosis (CF). A small
proportion of obstetricians reported offering carrier screening as part of routine pregnancy care (20%
for B-thalassaemia, 8% for CF, 5% for fragile X syndrome, and 2% for spinal muscular atrophy). The main
practical barriers identified for screening were cost, time constraints, and availability of supporting services.
Addressing these issues is crucial for the successful implementation of population-based carrier screening

programs in Australia and internationally.

m Keywords: carrier screening, cystic fibrosis, thalassaemia, screening programs

The purpose of population-based carrier screening is to
identify asymptomatic carriers of autosomal and X-linked
recessive conditions and give prospective parents reproduc-
tive options to prevent the birth of an affected child. Screen-
ing programs began formally in the 1970s with screening
for Tay—Sachs disease carrier status in the Ashkenazi Jew-
ish community (Kaback, 1997). Subsequent programs have
targeted cystic fibrosis (CF) in the United States and parts of
Italy (Castellani et al., 2009; Hale et al., 2008), thalassaemia
in Mediterranean at-risk populations (Cao etal., 1984, 1997;
Modell & Mouzouras, 1982), fragile X syndrome in Israel
(Berkenstadt et al., 2007), and most recently, spinal muscu-
lar atrophy (SMA) in the United States and Taiwan (Su
et al,, 2011; Sugarman et al., 2012). Several of these pro-
grams have reported reductions in the incidence of af-
fected infants born with the conditions tested. Develop-
ments in genetic technology mean that it is now possible to
simultaneously screen for an individual’s carrier status for
hundreds of inherited conditions using a single sample

(Levenson, 2010), and such panel-based testing is likely
to replace testing for individual conditions in the future.

In Australia, healthcare is available through the
government-funded public health system, as well as through
a user-pays private health system. The availability of
carrier screening varies for different conditions and in
different settings. Screening for B-thalassaemia carrier sta-
tus is publically funded and generally triggered by ab-
normal results on full blood examination (FBE), which
is performed as part of routine pregnancy care (Cousens
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et al., 2010). There are several well-established, non-
government funded, community-based programs offering
carrier screening to people of Ashkenazi (Eastern European)
Jewish ancestry for conditions such as Tay-Sachs disease
(Ioannou et al., 2010). A fee-for-service CF population car-
rier screening program has been in existence in the state of
Victoria, Australia since 2006 (Massie et al., 2009). In its
first three years of operation, the program screened 3,200
individuals, detecting 106 carriers, and 9 carrier couples.
All the couples identified through the program altered their
reproductive decisions, to avoid having a child with CE.
Screening for other relatively common genetic conditions,
such as SMA and fragile X syndrome carrier status, are less
frequently offered in Australia (Metcalfe et al., 2008).

The uptake of carrier screening is generally higher when
offered in pregnancy than when offered to the non-pregnant
population (Harris et al., 1996; Mennie et al., 1992; Wald
etal., 1993). The reasons may be that the first contact with a
health professional does not occur until the woman is preg-
nant or that screening does not become a priority until this
time. In addition, couples may not believe they need to con-
sider screening until pregnant (Delatycki, 2008). There is
little known about the attitudes of Australian obstetricians
toward carrier screening for inherited conditions. Knowl-
edge in relation to these attitudes is of great importance as
the frequency with which obstetricians and other pregnancy
healthcare providers offer tests to patients is a major deter-
minant of the success of population-based carrier screening
programs.

The aim of this study was to gather information about
the current practice and attitudes of Australian obstetricians
toward carrier screening for genetic conditions as part of
routine pregnancy care.

Methods

Participants

Australian Fellows of the Royal Australian and New Zealand
College of Obstetricians and Gynaecologists (RANZCOG)
were invited by e-mail to complete an anonymous online
survey between January 27 and March 3, 2011. Only Fellows
actively practicing obstetrics were requested to complete
the whole survey. A reminder was sent three weeks after the
initial invitation to participate, inviting those who had not
completed the survey to do so.

Measurement Tool

The survey was developed by a panel of clinicians and re-
searchers with expertise in carrier screening programs and
was informed by previous international studies (Morgan
et al., 2004, 2005; Wilkins-Haug et al., 1999). The sur-
vey was reviewed by the RANZCOG Continuing Profes-
sional Development committee, and the content was mod-
ified in response to their feedback. The survey was divided
into four parts: demographic information, current practice

and attitudes toward screening for (3-thalassaemia, current
practice and attitudes toward screening for CF, and atti-
tudes toward population-based genetic carrier screening in
general. Respondents were asked to rate certain aspects of
B-thalassaemia and CF screening tests on a 5-point scale,
where 1 was very poor, 2 poor, 3 satisfactory, 4 good, and 5
excellent. They were also asked to rate their level of concern
regarding general aspects of population-based screening for
genetic conditions using a 4-point scale, where 1 was no con-
cern, 2 minor concern, 3 moderate concern, and 4 major con-
cern. Respondents were provided with two, free text boxes at
the end of the survey and asked for any additional comments
about specific barriers to screening or general comments.
Responses to the questionnaire were anonymous.

Data Analysis

LimeSurvey software was used to generate the electronic
version of the survey, and to store and analyze the responses.
Using content analysis, open-ended responses were catego-
rized independently by Zornitza Stark, Belinda McClaren,
and Sylvia Metcalfe based on similarity and differences.
Numbers of responses in categories are reported.

Ethics Committee Approval

The study was approved by the Royal Children’s Hospi-
tal, Victoria, Australia Human Research Fthics Committee
(HREC 30068).

Results

Demographic Details

A total of 1,206 e-mails were sent to practicing Australian
Fellows of the RANZCOG who had supplied the College
with an e-mail address. Eighty-five e-mails were returned
as undeliverable, leaving 1,121 potential respondents. From
those, 237 responses were received (response rate minimum
of 21.1%) with representative proportion of responses re-
ceived from each state/territory; 55 respondents identified
themselves as not practicing obstetrics, and 26 did not com-
plete the survey sufficiently for their responses to be in-
cluded in the analysis. One hundred and fifty-six eligible
Fellows completed the full survey. Demographic informa-
tion and type of practice of the respondents is shown in
Table 1.

Current Practice and Attitudes Toward Carrier Testing
for B-Thalassaemia and Cystic Fibrosis

One hundred and fifty-two obstetricians (97%) supported
carrier testing for B-thalassaemia in pregnancy, and 130
(83%) supported carrier screening for CE Self-reported
current practice patterns with respect to these two condi-
tions are summarized in Table 2. The opinion of obstetri-
cians regarding certain aspects of [3-thalassaemia and CF
carrier screening are presented in Table 3.

TWIN RESEARCH AND)BYMAN GENETICS



TABLE 1

Demographic Information and Type of Practice of the 156
Survey Participants

Respondent characteristics N (%)
Gender
Male 82 (53%)
Female 74 (47%)

State/territory of main practice

Australian Capital Territory 3 (2%)
New South Wales 39 (25%)
Northern Territory 2 (1%)
Queensland 37 (24%)
South Australia 17 (11%)
Tasmania 7 (5%)
Victoria 41 (26%)
Western Australia 10 (6%)
Years of obstetric experience
<5 1(0.6%)
6-10 26 (16.7%)
11-15 36 (23.0%)
>16 93 (59.7%)
Size of obstetric practice (deliveries/year)
1-20 18 (11%)
20-100 32 (21%)
100-200 38 (25%)
>200 68 (43%)

Location of practice

Metropolitan 115 (74%)

Rural/regional 41 (26%)
Type of practice

Mostly private 80 (51%)

Mostly public, tertiary center 40 (26%)

Mostly public, other 36 (23%)
University appointment

Yes 60 (39%)

No 96 (61%)

TABLE 2

Self-Reported Current Practice Regarding Offering Carrier
Screening for B-Thalassaemia and CF in Routine Pregnancy Care
(Total Number of Respondents: 156)

B-thalassaemia Cystic fibrosis
Current practice pattern N (%) N (%)
Offer screening to all 32 (20%) 12* (8%)
patients
Offer screening to some 113 (72%) 128 (82%)
patients
Personal or family history 109 (70%) 123 (79%)
Higher risk ethnic group 85 (55%) 28 (18%)
Patient request 75 (48%) 88 (56%)
Private patients 0 9 (6%)
Screening not offered to 11 (7%) 16 (10%)

any patients

Note: *All 12 practiced in states where there are established fee-for-service
CF carrier testing programs (Victoria and New South Wales).

Current Practice and Attitudes Toward Carrier Testing
for Other Inherited Conditions

One hundred and thirty obstetricians (83%) supported
population-based carrier screening for at least some inher-
ited conditions. However, only 9 (6%) felt this should take
place during pregnancy, with 90 respondents (58%) stating
it should ideally take place in adulthood before pregnancy,
33 (21%) at birth and 24 (15%) in high school. A very low
number of obstetricians reported routinely offering carrier

Australian Obstetricians and Carrier Screening

TABLE 3

Respondents’ Mean Rating on Scale of 1-5 of Practical Aspects
of B-thalassaemia and Cystic Fibrosis Carrier Screening

B-thalassaemia  Cystic fibrosis

Ease of access to test 4.0 3.7
Cost of test 3.4 2.9
Sensitivity and specificity of the test 3.7 3.6
Availability of laboratory and 3.6 3.6

counseling support to help with the

interpretation and follow-up of

abnormal results
Availability of educational materials to 2.8 3.3

help counseling patients
Community awareness of condition 2.3 25

tests for any other conditions: 7 (5%) for Tay—Sachs disease,
8 (5%) for fragile X syndrome, and 3 (2%) for SMA.

The participants were asked to rate their level of con-
cern regarding various aspects of population-based carrier
screening and their responses are presented in Figure 1.
Ninety-three (60%) of survey participants stated they would
like more training in this area.

Additional Comments

Forty-six participants provided further comments in the
open-ended questions. Five of these commented on survey
design only and these are not reported. The responses of the
remaining 41 participants were categorized based on simi-
larity of content. Some participants’ responses covered more
than one topic and their comments were coded into more
than one category. Forty-nine comments addressed topics
raised in Tables 2 and 3 and Figure 1. There were eight new
topics raised in 25 comments that were not already covered
in the survey. These were: concern about equity of access and
distributive justice, from the perspective of reaching disad-
vantaged or multicultural populations, or limiting testing
to high genetic risk populations, or targeting populations
such as preconception/pregnant couples (n = 14), potential
for causing harm through creating a perception of eugenics
in society (n = 1), potential for stigmatization (n = 1), or
raising questions regarding paternity (n = 1), impacting on
life insurance (n = 2), the lack of evidence of cost-benefit
(n = 3), and the need for screening to be policy driven
(n = 1). Two respondents commented on their personal
view that screening has eugenic undertones.

Discussion

This is the first study to examine current practice and atti-
tudes of Australian obstetricians toward population-based
carrier screening for genetic conditions in routine preg-
nancy care. The majority of obstetricians expressed support
for population-based carrier screening for at least some
conditions, with 97% supporting carrier screening for -
thalassaemia, and 83% supporting carrier screening for CF.

The largely positive attitudes toward universal carrier
screening among Australian obstetricians are not translated
into practice, with only 20% reporting they routinely offer

TWIN RESEARCH AND HUMAN GENETICS
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-

-_—

concern

2 3 4

Major
concern

Moderate
concern

Minor
concern

FIGURE 1

Responses to survey questions asking participants to rate their level of concern regarding general aspects of population-based carrier

screening for genetic conditions on a scale of 1-4.

B-thalassaemia screening to all their patients, 8% offering
carrier screening for CF, 5% for fragile X syndrome, and 2%
for SMA. This contrasts with self-reported practice among
obstetricians in the United States, where a similar survey
found that 65.8% of respondents offered CF carrier screen-
ing to all prenatal patients (Morgan et al., 2004). The low
number of Australian obstetricians reporting offering 3-
thalassaemia screening to all patients, when in practice the
majority of pregnant women have a FBE performed, most
likely reflects the indirect nature of B-thalassaemia screen-
ing, with FBE testing not being perceived by obstetricians
as a screening test for B-thalassaemia. This finding is con-
sistent with patients found to be carriers for 3-thalassaemia
typically reporting that they were unaware that screening
had taken place (Locock & Kai, 2008).

Most Australian obstetricians report offering carrier test-
ing in specific circumstances, most commonly in the pres-
ence of a personal or family history of a genetic condition.
However, the majority of babies with CF are born to fam-
ilies with no family history of CF (McClaren et al., 2011),
and even when a family history of CF is known, only a small

proportion of relatives undertake carrier testing (McClaren
etal.,2010). This is not unique to CF, but applies to all reces-
sively inherited conditions. Therefore, the family history-
based approach (so-called ‘cascade testing’) is likely to iden-
tify only a small proportion of couples who are at risk of
having a child affected by an autosomal recessive condition.

In 2001, the American College of Medical Genetics
(ACMG) and the American College of Obstetricians and
Gynecologists (ACOG) issued joint guidelines recommend-
ing healthcare providers to offer CF carrier screening to all
couples planning a pregnancy or seeking prenatal testing
(ACOG/ACMG, 2001), and a similar position statement
has been issued by the Human Genetics Society of Aus-
tralasia (HGSA, 2009). The RANZCOG specifically recom-
mends 3-thalassaemia screening in routine pregnancy care
(RANZCOG, 2009), and with regard to other conditions
suggests that ‘counselling should address availability of car-
rier status screening for genetic conditions of perceived high
prevalence or consequence’ (RANZCOG, 2010).

A number of practical issues were raised by the obstetri-
cians in this survey as barriers to offering universal carrier
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screening. Chief among these was financial cost, both to
individual patients and to the health system as a whole. As
a guide, one Australian laboratory charges A$220 for CF
carrier screening, A$250 for fragile X screening, and A$350
for SMA screening. With the exception of the FBE and
hemoglobin electrophoresis that can diagnose carrier sta-
tus for B-thalassaemia, the cost of population-based genetic
carrier screening tests is not currently covered by govern-
ment funding or private health insurance. By contrast, sev-
eral health insurance providers in the United States cover the
cost of such testing. It should be noted that some of the cost
of the first trimester trisomy 21 screen is similarly not cov-
ered by government funding or private health insurance in
Australia. This is commonly offered as part of routine preg-
nancy care, and the majority of pregnant women choose to
pay between A$200-300 to include maternal serum screen-
ing and a nuchal translucency measurement by ultrasound.
Carrier testing has the advantage that it only needs to occur
once in each individual’s lifetime rather than in each preg-
nancy, provided partners remain unchanged. Nevertheless,
cost is an important barrier to universal carrier screening.
The current arrangement in Australia creates inequity in
healthcare, with only those that can afford it being in a
position to take up carrier screening.

Patient education is an integral part of informed con-
sent. Time constraints, language and cultural barriers, un-
certainty in interpreting results, and lack of supporting ser-
vices were all identified as important barriers to offering
screening. With the number of available screening tests set
to increase, it may be that detailed counseling will need to
be reserved for those couples found to be at increased risk
of specific conditions. Of note, the majority of obstetricians
offering CF carrier screening routinely to all patients prac-
ticed in the states where there are existing fee-for-service
carrier screening programs. Having a dedicated program
facilitates screening through the provision of practitioner
education, a clear pathway for testing, and support with
interpretation and follow-up of results.

Creating psychological harm was the most significant
concern that Australian obstetricians had with regards to
offering population-based carrier screening programs. In
addition, some survey participants commented that those
found to be carriers may be stigmatized and subject to insur-
ance restrictions. Carriers for recessive genetic conditions
are generally asymptomatic, and each person is estimated
to be a carrier for several recessive conditions. The evalua-
tion of existing carrier screening programs has shown that
carriers are often initially anxious about their positive test
results (Ioannou et al., 2010; Scriver et al., 1984). However,
this anxiety subsides, and the long-term follow-up of indi-
viduals who have taken part in carrier screening programs
has shown that the majority have enduring positive feelings
about the experience of being screened (Locock & Kai, 2008;
Zeesman et al., 1984). Although commonly cited in profes-
sional circles and in the mass media, the concern regarding

Australian Obstetricians and Carrier Screening

life insurance implications for those found to be carriers is
unfounded (Delatycki et al., 2002).

Australian obstetricians expressed only moderate lev-
els of concern regarding liability arising from not offering
carrier screening for genetic conditions in pregnancy. This
contrasts with studies of American obstetricians, who cited
liability from not offering screening as their most signifi-
cant concern (Morgan et al., 2004) and there are reports of
‘wrongful birth’ legal action being taken in the United States
over failure to provide CF carrier screening (Hausen, 2012).
We are not aware of successful legal action being taken for
failure to offer such screening in Australia, but if this were
to occur, it is likely that the level of concern would increase
considerably.

One of the most notable findings of this survey was that
only 6% of surveyed obstetricians felt that pregnancy is the
ideal time to offer carrier screening, with most favoring
preconceptual screening in adulthood. The ethical consid-
erations in choosing a model for universal carrier screen-
ing have recently been reviewed, with CF as an example
(Modra et al., 2010). It has been argued that preconceptual
carrier screening done outside of the medical context (e.g.,
in schools or workplaces) is ethically superior as it promotes
greater autonomy and maximizes the number of reproduc-
tive options open to people identified to be carriers. This
model works well for conditions that are limited to certain
ethic groups, with attendant high degree of community
support and education (e.g., Tay—Sachs disease screening
programs in Ashkenazi Jews). However, whether it can be
translated to the wider community remains to be seen, and
in the absence of such programs, offering carrier testing in
pregnancy remains important.

This electronic survey elicited responses from only 21%
of those successfully e-mailed. It is likely that the distribu-
tion list included many Fellows who do not practice obstet-
rics, and therefore the true response rate of practicing ob-
stetricians is considerably higher. Nevertheless, a relatively
low response rate may be indicative of this issue not be-
ing perceived as relevant by Australian obstetricians, which
in itself would constitute a major barrier to the develop-
ment of screening programs. Fertility specialists comprise
another group of RANZCOG Fellows who are well placed to
perform preconceptional carrier screening and ascertaining
their views, as well as the views of general practitioners who
deliver a substantial part of pregnancy care, will be equally
important.

The field of carrier screening for genetic conditions
evokes unique ethical, legal, psychosocial, and privacy con-
cerns. Advances in genetic technology mean that the ability
to simultaneously screen for an individual’s carrier status
for hundreds of inherited conditions using a single sam-
ple is already a reality (Levenson, 2010) and the cost of
such screening will continue to decline. We have identified
specific practical barriers and ethical concerns among
Australian obstetricians regarding the implementation of
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population-based carrier screening programs. Addressing
some of these concerns may increase support for screening
and the findings of this survey have important implications
for the future planning of screening programs and genetic
services in Australia and internationally.
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Original Article

Population-based carrier screening for cystic fibrosis in Victoria:
The first three years experience

John MASSIE,'* Vicki PETROU,? Robyn FORBES,? Lisette CURNOW,? Liane IOANNOU,?
Desiree DUSART,! Agnes BANEKIER® and Martin DELATYCEI>

' Department of Respiratory Medicing, Murdoch Children’s Research Institute Unit, Roval Children's Hospiral, *Genetic Health Services
Victoria, Murdock Children’s Research Institute, *Unversity of Melbourne, *DNA Laboratory, Gemetic Health Services Victoria, Murdoch
Children’s Research Institute, and * Bruce Lefroy Gemire for Genetic Health Research, Gemetic Health Serwices Victoria, Murdsch Children’s
Resaarch mstitute, Melbowrne, Victoria, Australia

Background: Cystic fibrosis {CF) 1= the most common mhenited, life-shortemang conditon affectng Australian chaldren. The
carrier frequency s one per 25 and most babies with CF are born to parents with no family history. Carrier testing is possible
before a couple has an affected infant.

Aims: To report the outcomes of a carrier screening program for CE

Method: Carnier screening was offered o women and couples planming a pregnancy, or in eardy pregnancy, through
obstetricians and general practitoners in Victoria, Australia. Samples were collected by check swab and posted to the
laboratory. Twelve CFTR gene mutations were tested. Carniers were offered genetic counselling and partner tesing, Camer
couples were offered prenatal tesung by chononic villous sampling (CVS) of pregnant. The number of people tested, camers
detected and pregnancy outcomes were recorded from January 2006 to December 2008,

Results: A total of 3200 individuals were screened (3000 females). One hundred and six carriers were identified (one per 30,
95% confidence interval one per 25, one per 36). All carmer pariners were screened, and nine carrier couples identified (total
carriers 115). Ninety-six mdmiduals (83%) were carniers of the p.508del mutaton. Of the nine carnier couples, six were
pregnant at the ome of screening (five natural conception and one @ witre ferulisaton) and all had CVS (mean gestation 12.5
weeks). Two fetuses were affected, three were camers and one was not a carrier. Termination of pregnancy was undertaken
for the affected fetuses.

Conclusion: Carner screening for CF by obstetricians and general practboners by check swab sample can be successfully

undertaken pnor o pregnancy or in the eary stages of pregnancy.

Key words: carner, cvstic fibrosis, screening.

Background

Cysoc fibrosis (CF) 1= the most common inherited, Life-
shortening  condion affecting Australian children. It 15
caused by mutattons I the gene encoding the CF
transmembrane conductance regulator (CFTR), an electrolyte
transport protein located in the apical membrane of epithelial
lined surfaces.! The main clinical manifestations are chronic
suppurative lung disease, pancreatic exocrine insufficiency
and elevated sweat electrolytes.” Although treatments have
mmproved over the two decades since the CFTR gene was
discovered there 15 stll no cure. Most children survive to
adulthood but the treatments are complex and there are
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many years of poor health, The median survival 15 reported
in the mid-thirties.?

Genetic testing for CF has been incorporated into
newborn screening programs for the eady identficavon of
affected mmdmviduals, and reproductive choices offered to
parents for subsequent pregnancies.*” However, it is possible
to offer carrier testing before a couple has an affected infant ®
While over 1500 CFTR gene mutations and polymorphisms
have been descnbed, the majority of cammers (84%) can be
detected wath a panel of 12 mutations.” The inheritance of
CF 15 autosomal recessive and carriers are completely healthy,
a situation that makes carrier testing strajghtforward. Carrier
screening for CF was recommended in the USA in 2001 and
subsequently there has been a 50% reducoon in the
incidence of affected mfants with the most common CETR
gene mutations *¥

In the absence of a government-supported program, we
initiated & fee-for-service  population-based CF  carmer
scTeening program in Victoria, Austraba, i 2006, The aim
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of this paper 15 to repont our experience of the first three
vears of carrier screemng for CE

Method

Implementation of fee=for-service CF screening
program

We convened a CF screeming working group n 2005 which
included members from the Roval Childrens Hospital CF
clmic (JM}, Genetic Health Services Victona (MD, AB, VE
RE LCY and the DNA laboratory of the Victoran Clinacal
Genetics Service (D5). Genetic Health Services Victoria
(GHSY) 15 the main provider of genetic testing in Victora,
The commumnity-bazed CF support group, CF Victoria was
consulted, and support for the program was offered. The
program commenced n Jamary 2006, mitially targetng
obstetricians {2006) and was later expanded to shared-care
general practuooners (GF) (20077 and subsequently all GPs
(2007 i the state of Victoria, Australia. Service providers
were identified through their respectve specialty  colleges
with letters of explanation, and sample screening packs were
provided. A media launch was held m January 2006 o
promote the program and repeated o January 2007,
Informaton regarding progress of the program was mcluded
with health informaton bulletine regulady semt out by
GHSV. Educaton regarding the screeming program was
provided to most metropolitan and some regional obstetric
groups. Information regarding CF screening was provided
on the GHSV website, and a speahe CF screening website

waz launched m 2008 (wwercfsoreeming com.au).

Subjects

Women or couples attending an obstemician or GP prior w
pregnancy or in the early swmges of pregnancy
(recommended to be < 14 completed weeks gestation) were
ehgible w be offered CF carrier screeming. The program
operated 1n Victoria, Australis, from January 2006,
Pretest informaton was provided by the obsterician or GP,
and wrmtten imformaton sbout CF and screening was
provided (see www.olscreeming.com.au for website and
pdf version).

CF screening

A fee-for-service test was developed costing AS200 using a
chieek sarab that was posted to the DNA laboratory at GHSV.
Screeming packs were provided to all interested  serace
providers (see below), and these included an information
brochure about CF a screening card detailing the three-step
collection procedurs, a check swab, reply paid envelope,
request shp and biling details. The following 12 mutations
were screened using a polvmerase chain reaction multplex:
p-so8dd, p.GS51D, p.G542X, pNI1303K, c.1585-1G = A,
pls07ddd, pRS60T, pW1282X, pV320E c489+1G =T,
pR353X and ¢.3718-2477C > T. These mutations were
chosen because they were the most frequent o our

i@ 2009 The Authors

populaton of CF pavents. This single panel of mutatons
gives a sensiovity of 83.5% to the geneml population in
Victona, but 95% to the Ashkenaz Jewish population. A
single panel of mutations removed the nesd to gather
questions about ethmicity. Our brochures included adpsted
risks for Caucasian and Asian people. To optimise residual
risk caloulations and minmmise tum-around tme, 1© was
recommended that both partners be tested at the same tme.
Megative results (mon-carriers) were sent by facsimile to the
requesting doctor. Positive results (carmers) wers notified by
telephone {and by facsimile) to the requesting doctor and all
carriers offered genetic counselbng by a trained genetic
counsellor with expertise in CF (VB RE LC). If only one
pariner was tesied and found to be a camer, testing of the
other partner was arranged as soon as possible, wath results
generally available within frve working days from arrieal 1n
the DMNA laboratory. Carmier couples where the woman was
pregnant were offered chononic villous sampling (CVS) to
determine whether the fetus was affected. Termination of
pregnancy was offered to couples with an affected fetus. If
carrier couples were not already pregnant (pre-conception
testing) then in addinon o the option of becoming pregnant
and having a CVS, pre-implantznon genetic diagnosis
PGDY was discussed. Once a camer was dennfied, all
subsesquent genetic tesung was offered free of charge. This
incheded cascade carmer testing of family members who
wished to be tested.

The minal offer of screening was left w the discrenon of
the individual practitoner, and data about the mumber of
patients who declined screeming are not available.

Audit of CF screeming program

We gocessed the results of all screeming tests which were kept
in 3 password-protected computerised database (Microsoft
Access). We also extracted data about genetic counselling
encounters (carriers and carrier couples) from the purposed
designed genenc file mamntained securely in GHSY., Stansncs
was performed using Stata (Smm Corporaton, College
Stanon, TX, USA).

The smudy was approved as a clinical sudit by the Ethics
in Human Research Committee of the Royal Children’s
Hospil (CAZ9050).

Results

Between January 2006 and December 2008, A total of 3200
mmdmviduals were screened, 3000 women and 200 men. One
hundred couples {200 individuals} were screened together at
the same ome. Besults were available within an average of
five working days (from arrival in the laboratory).

We idenofied 106 carmers (carrier frequency one per 30,
5% confidence interval one per 25, one per 36), and the
CFTR gene mutaton frequencies are presented in Table 1.
Minety-two carmers were women and 14 men, reflecting the
ascertminment bias as who accessed testing mutially. After
notificaton of the referring physician, i all but two cases
the carnier was contacted by our genetic counsellors. The
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Table 1 Cystic fibrosis transmembrane conductance regulator
{CFTR) gene mutstions identified in 20062008

=

CFTR gene mutation

p-5308de
Wi1z82x
cITIB-24TTC =T
pGE5ID
pG542X
pM1303E
p307ded
pRS&0T
pR553X
cdB94+1G =T
pV520F
cI385-1G= A
Total

l_qg:;lg:;l-—l-—l-—l-—l-—l-n—l-l,ul_.nl_.r.g

,_
=1

remamng  two  received genetic  counselhng  from  the
referring physician. In the first 12 months (2006} all 37
carriers came t© our centre for faceto-face genetic
counselling, while in the subsequent two vears (2007-2008)
mitial contzct was made by phone (k=69 and none
requested  face-to-face  counseling  despite an  offer.
Subsequent results (partner testing) were given by the
genetc counsellors on the phone, but pariners wath positive
resulis (that 1= carrier couples) were requested to be seen for
face-to-face counselling.

The partners of all 106 CF carriers were tested, resulting
in the dentification of mine carmer couples. Details of the
ninz carmer couples are provided in Table 2.

All =ix pregnant camer couples elected o have further
tesung with CVS. Four fetuses were unaffected (one with no
mutations, three with one mutaton) and two were affectsd
with CF (both homozypous p.508del). Both couples with an
affected fetus dected o termunate the pregnancy. The thres
other couples dected to use PGID.

T audit the efhcaency of doctor’s office or home collecton
we reviewed the samples collected over 3 12-month pened
(October 2007 o September 2008). Samples wers requirsd
to be recollected on 30 (3%) occasions.

Discussion

This 15 the fimst statewide screening program for CF in
Australia. This program iz different from other health
screcning programs because it dentifies carriers who are at
nsk of passing on an inherited (geneoc) disease. Other
programs identify discases i the indradual {for example
cervical cancer screening by Pap smear) or gene mutanon
testing of mdraduals at direct nsk of discase m themselves
(for example BCRA gene testing for breast cancer). It 1s also
different from Down svndrome screcmung that identfics
fetuses at msk but not parental camers. In our program,
prospective parents have been offered testing to determine if
they are carners of a gene mutaton for CF and given a nsk
estumate of having a child with CE So far we have tested over

4586

3000 people, identfying 106 carmers {1/30) and mine carrier
couples. None of these people were aware they were carmers
and at msk of having a child with CFE All made the decision
to test the fetus or use PG

The reason it has been possible to establish this program
in Victoria has been the coordinated approach by members
of the team canng for children with CF Genetic Health
Services Victoria (mchiding geneticists, genetic counsellors
and DMNA laboratory) and the commumty support group CF
Victona. Support from the CF advocacy group may seem
counter-inhmtve as therr role 1= to mmprove the life of people
with CF; however, screeming has raised the awareness of CF
among the more than 3000 people screened and has been
offered in the interest of cholce.

There 13 much to learn about carmer screeming for CF from
our program that will be directly relevant to a3 populaton
serecmung service. Most of the pretest information can be
provided by our detailed, but succinct brochure. This 15 a
new paradigm of care regarding penetic testing that has
tradiionally included formal (face-to-face) genetic counseling
by 3 traimed genetic counsellor before testing. There 15 no
doubt, however, that the pretest informabon offered by willing
obstetricians and GPs has been imvaluable. Samples can be
casily collected by panless check-brush and maled o a
central laboratory with minimal recollections needed. The
turn-around tme from the laboratory = fast, 3 relevant 1ssue
when couples are tested during a pregnancy. Chur program
has offered the flexability of carmer screeming in the cardy
stages of pregnancy and pre-conception. It has been possible
to relatively cheaply test for 12 CFTR gene mutstions which
gives a sensitvity of 84%. Face-to-face genetic counselling
was recommended m the first year of screening but had not
been needed subsequently and this will have benefits regarding
cost-saving 1f a universal pobicy of offening screening were
introduced. Simularly, face-to-face genetic counselling was not
required before testing or for non-carmers o the populaton
studied. We established our program with the faclity to offer
genetic counselling to anyone who requested 1t and have
mchuded free tesing of relatves. Inoa large-scale program,
counsdling could be done by midwaves, obstetricians or GPs
as happens currently for Down syndrome screening.

There has been some resistance to the uptake of screening
by both the public and the health-care providers. The
principle ssue relating to the public is likely to be awareness
about CE Issues relevant to obstetricians and GPs have been
perceived  difficulies of providing  pretest  information,
especially oting tme constraints, a lack of knowledge of CF
and the carner frequency, a percepiion that CF only occurs
in families (in fact 95% of babies with CF are bomn o parents
with no family lastory) and poor training i counsehng for
renetic conditons. We did not have dats that allowed us w
estimate uptake of screcming to those 1t was offered. Further
research to understanding the barriers to screening and
reasons for declming screening 15 bong undertaken. These
factors will all be important to address as we advocate for a
more widespread and equitable screcning program.

Although we have promoted the wpiake of CF camer
serecrmung © both partners o the relaponship it 5 evident

@ 2009 The Authors
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1. Massie et al.

that usually one partner 1= tested first, in this study, usually
the woman. This 15 hikely to reflect attendance at antenatal
health-care wisiis and 15 effecovely 2 two-step screcning
model. This makes sense economically as both partners are
tested for the same 12 mutaions, if one 15 negative the result
of the other becomes less relevant. The advanmge of testng
both together at the first visit s a more scourate estimate of
residual risk, if one panmer is tests negaove the residual nsk
of having a baby wath CF 5 one per 14 000 compared with
one per 80000 if both are negative. Furthermore, testing
together can save tme by not having to wait to test the
partner if one 15 a camer. We dected to nottfy individuals of
their results so that cascade testing of family members was
possible. Some models of CF carmer screemng only test
couples and give results as a unit, denying individuals ther
results and the possibility of cascade family screening.®

We did not confine the offer of screeming to pregnant
women or couples but included pre-concepton testing.
Pre-conception testing offers couples the greatest range of
reproductve optons and would be the preferred model of
carrier screcning. However, the reality of screening is that
many people present for care after they are already pregnane
and our screening model was able to ke that o account
One couple (couple &, Table 2} were already pregnant by
witre fertihsation (IVE) when they were offered CF carrier
screenng. It has not been the policy of INF units in Victoria
to routinely offer CF carner screemng although clearly there
would be tme to do so before establishing a pregnancy
giving the couple the opportumty to have PG

The sedection of the 12 gene mutatons In our screeming
panel was given considerable thought. The fact that 17% of
subjects had a mutaton other than p.508del psofies the use
of an expanded pane]l of mutatons as the pnmary screen.
The mumoon panel allows for 3 single west for all people,
regardless of ethmicity. There are many cthnic groups in
Victona and Australia, for whom CF iz extremcly uncommaon.
Whether they should all be offered CF screening 1= a difficule
question. Our informaton brochure highlights the reduced
nsk of carnage in Asian people, but decision o procesd with
screening should be thers. We chose the 12 most commen
CFTR gene mutattons in Victoria that cause classic CF wath
severe suppurative lungr disease and pancreanc insuffciency.
Screening programs overseas include CFTR gene mutations
associated with a milder phenotype and can include mutatons
with an uncertain phenotvpe. This can make counselling of
carrier parents extremely difficult and decmions  around
termination of an affected pregnancy more stressful than
when such mutations are not tested for.

We beheve that the cost of the screeming program has been
a factor lmiang = uptake. An applcaton for a unversal
state-funded program was rejected 1 2002 s0 a fee-for-
service model was developed. Ik = reasonable to expect that
economikes of scale would allow a lower cost should thers be
greater use of CF E-CI'I:I'_’I.'I.II!'lg The fee for screcming throws up
more than just economic isswes for patients. The fact that it
15 mot free to consumers suggests it may not be approved by
‘the medical system” (similar to recommended but unfunded
mmumsatons) and  health-care  providers may make
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dec=ions for patients based on what they think their pabients
may be able {or willmg) to pay. We recognse the inequahty
of the program we have instituted but see 1t as 2 bndge o
introducing funded CF carner screeming for the entire
population. Indviduals can then make their own choce as o
whether they wish to be screened.

S0, what does the fumre hold? Community-based carmer
screening 15 now well established in Victora, Australia, and
we will work towards improving knowledge about CF and
CF genetics in the commumity and among  health-care
providers. We are in the process of completing a detailed
health economic analvsis of the cost of CF care and cost of
screening on & populaton basis. Our systematic review of the
hiterature  supports the cost-effecoveness of CF camer
screening in other countries, but will use our own health
economic data to convince state and federal governments 1n
decisions to fund CF carrier screening.” Convincing
obstetricians and GPs of the mportance of CF camer
screening 15 vital, but finding wavs o offer them sducanon
and support will be critcal to the success of a universal
program. There = currently mo policy on CF camier
screening from the relevant professional bodies in Australia
{Human Genetics Society of Australasia and Boval College
of Obstetricians and Gynascologists of Austraba and New
Zealand). CF 15 onlv one of many inherited conditions for
which testing of healthy carners & possible. Serous childhood
diseases such as spinal muscular atrophy, fragile X syndrome
and many metabolic discases are candidates for screening.
The processes we are establishing for CF could be built on
for these other condibons in the mterests of offerng
prospectve parents choice.

We believe that camer screeming for CF m the genersl
community 15 a reality, although the ulomate model on how
it should be deliversd more broadly 15 yet to be decided. Our
program offers wvaluable imsights into the creaton of that
model and strategies for service provision.
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Appendix F

Interview Schedules

This appendix contains copies of the interview schedules used in the

evaluation of the GHSV population-based CF carrier screening program.

1. Carrier couples identified through the GHSV CF carrier screening
program

2. Pregnant women in the public health system who were not offered CF
carrier screening
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Thank you very much for taking the time to talk to me. | thought I'd start off with
giving you a quick run down on the study; why | want to have a chat with you and
how the interview will work:

e About the study

The reason | asked a genetic counsellor to contact you on my behalf was because |
wanted to speak to some individuals or couples about their experiences when they
were identified as carriers of cystic fibrosis.

We are doing this study to improve the program and make changes to improve the
service to help make the experiences better for new couples, when they first find out
they are both carriers.

e About the interview

| will ask some quite general questions, and they are very open. | am happy to hear
your views if you think | have left anything out that might be important. | also want
you to feel as comfortable as possible and to know there are no right or wrong
answers. | am just interested in your thoughts and experiences.

e Stop me if you want

Also, if at any time | am asking anything that is upsetting to you or if | am broaching
subjects you don't want to discuss with me that’s fine and please let me know.

e« Taping the interview

| would like to tape our interview so that | don’t have to write everything down while
we are talking. The tape will be used to transcribe our entire conversation onto paper
and then it will be deleted. But if you'd like me to turn the tape off during our
conversation, please let me know.

* Confidentiality

Once our conversation is on paper it won't have your name on it any more and no-
one will be able to identify your responses. Whatever you say here today will not be
relayed to anybody else. | also want to say that whatever we talk about today will
definitely not affect your relationship with the researchers or the care you receive
from your doctor.

« Wrapping-up
Does this all sound ok?
Would you like to ask anything before we start?
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Interview Schedule

Carrier screening process:
1. Offered screening
- Obstetrician or GP?
- Pregnant or not pregnant? First pregnancy?
- Doctor’s explanation/advice
- Had they heard of CF prior to the offer of screening
- Decision making
o Info (seek further info)
o time
o reasons/factors that influenced decision
2. Screening pack
- Process (swab, post?)
- Information
- Cost
3. Results
- Time?
- Understand meaning of results
- How did you feel?
- Counselling?
- Partner tested?
4. Partners results
- Time?
- Understand meaning of results
- How did you feel?
- Counselling
5. Support/Info
- GC
- Respiratory physician
- Satisfied with info and options provided
- Satisfied with support provided
6. Prenatal diagnosis (if applicable)
- How did you feel about having PND? Difficult decision?
- Time?
- Understand meaning of results
- How did you feel?
- Decision TOP?
Support?
Looking back are you happy with your decision to have screening
in the first place?
7. Future reproductive plans
- Did anyone discuss your future reproductive options?
- Any other pregnancies since test result?
- PGD?
- PND?
- Termination?
8. Cascade testing
- Have you told any family members that you are a carrier?
- What did you tell them?
- Have any family members had testing?
- Do you feel that genetic information should or should not be
disclosed to family members?
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9. Overall
- Do you feel you were given enough information/support/advice?
- What do you feel needs to be changed?
10. Individual interview (optional)
- Is there anything else you would like to discuss about your
individual experience?
11. Closing
- Is there anything else you would like to tell me?
- What was it like talking about all this?
- Do you feel that you would like to speak to anyone else?

Thank you for your time
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Introduction

Approach in waiting room:

Hi my name is Liane loannou and | am doing my PhD at Murdoch Childrens Research Institute on
cysiic fibrosis camier screening. | was wondering if | could ask you a few questions while you are

waiting for your appointment, to get your opinion on genetic screening. it should only take about 5-
10 minutes. The receptionist will know where you are so you will not lose your place in line.

Private room:

| would like to tape our interview so that | dont have to write evenything down while we are talking.
The recording is used o ensure that | don't get anything wrong after the interview as | may not
remember exactly how something was said. The tape will be usad to transcribe our entire
conversation onto paper and then it will be deleted. If vou'd like me to tum the tape off at anytime
during our conversation, please let me know.

Section 1: Personal Information

| would like to begin by asking you some questions about yourself. This is to ensure that | get a
sample of people that is representative of the women attending this clinic.

1. What is your age?
. Is this your first pregnancy?
. How many weeks pregnant are you?

2

3

4. s this your first appointment?

5. How has your pregnancy been so far?
B

. Have you experienced any pregnancy losses?

Section 2; Screening during pregnancy
7. Have you had or will you have Down syndrome screeningftesting?

- Blood test at 10 weeks and measurement of thickness of the back of the
neck at 11-13 weeks
ORN
- Blood test at 15 weeks
If YESI
a. Who offered you Down syndrome screening?
If NOWr
b. Have you been offered Down syndrome screening ?

Determine whether they are siill deciding whether to have screening or if they have
declined the offer of screening.

8. How was the information about Down syndrome screening provided?
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9. Do think you had enough information to make a decision about having Down syndrome
screening?

10. Were you given any information or offered any screening or tests for other genetic/inherited
conditions that can be done during pregnancy?

11. Do you think women should be offered screeningftesting for geneticiinherited conditions
during pregnancy?

a. Why yes or no?

Section 3: Carrier screening for cystic fibrosis
12.Have you heard of cystic fibrosis which is a genetic condition that can be screened for?
If YESI
a. What do you know about it?
Frovide more information if necessary
If MO/
Provide information about CF including: severity, treatment, recessive inheritance
13. Do you think screening should be offered for cystic fibrosis?
14. Would you like to have been offered carrier screening for cystic fibrosis?

15. Couples can be tested at anytime, if you had heen offered screening for cystic fibrosis
before pregnancy would you have accepted the offer?

16.Who do think should offer camier screening for cystic fibrosis? ie. GP, Ob, midwife etc.

17.How should the information about cystic fibrosis carrier screening be provided?
ie. Brochure, doctor's explanation eic.

18. Currently cystic fibrosis carrier screening is only offered in the private health system as
each test costs $5220. Do you think this is a reasonable price to pay?

19. How much would you be willing to pay for cystic fibrosis camier screening?

20. Do you think that cystic fibrosis camier screening should be offered in the public health
system?

Conclusion

O have any questions about what we have discussed. | have a brochure which contains
information on cystic fibrosis carrier screening and has a contact number if you wish to speak to
Someans.

Thank you very much for your time.
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