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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 (46%). 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 (22%)
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,

KARG ER ©2010 S. Karger AG, Basel
1662-4246/10/0138-0449$26.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/phg

Martin Delatycki, PhD

Director, Bruce Lefroy Centre for Genetic Health Research

Murdoch Childrens Research Institute, Flemington Road

Parkville, VIC 3052 (Australia)

Tel. +61 3 9496 4355, Fax +61 3 8341 6390, E-Mail martin.delatycki@ghsv.org.au


http://dx.doi.org/10.1159%2F000276544

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
et al. [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
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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-
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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 10° <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-
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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.
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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 21.9
1in 500 8 19.5
Low risk 5 12.2
Child could be a carrier 2 4.9
Non-carriers

Low risk 33 60.0
No risk 12 21.8
At ease 6 11.0
Don’t know 2 3.6
1in 500 1 1.8
Child could be a carrier 1 1.8

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 having a 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
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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); () 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); (¢) 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.
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If no gene change is found they cannot be a carrier (F) o Non-carrier
A negative result means risk of being a carrier is
greatly reduced (T)

Partner determines risk as a couple (T) _ *
_ %

Need to be screened for CF carrier status every time
you have baby (F)

If only one parent is identified as a carrier there is still
a small chance of having a child with CF (T) *

CF test can identify all CF carriers (F) *

Carriers show signs of the disease (F)

If a person has one mutation they are a carrier (T) _

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 is a condition that affects the lungs (T) —

CF affects more males than females (F)

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- } i i j i ‘

. . 2 0 20 40 60 80 100
ers 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 (98%) 53 (87%)
n=108 During pregnancy 0 (0%) 4 (6.5%)
Unsure 1 (2%) 4 (6.5%)
Recommended to others Yes 44 (94%) 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 participants in 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
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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, affluent 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-
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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
factor 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
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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 is a 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
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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-
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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.
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