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Introduction

Cystic fibrosis (CF) is the most common severe, auto-
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Abstract

Attitudes towards cystic fibrosis (CF) carrier testing, benefits of and barriers to
having such a test were assessed within a randomly selected group of high
school students in Flanders, after they had received sufficient basic informa-
tion about the nature and the mode of inheritance of CF. Attitudes towards
carrier testing for CF were not negative, but the majority preferred to wait to
have a test. This result changed little after 6 months. A hypothetical testing
offer from the Medical School Health Service elicited positive answers from
nearly two thirds, suggesting that such an offer may function as a cue to action.
Nevertheless, the appropriateness of such an offer may be questioned, consid-
ering the disadvantages of testing adolescents. Concern about a negative
impact of the carrier status on self-image was reported by 10% of the students.
These findings suggest that education about genetics is not only a prerequisite
for allowing more informed decisions about CF carrier testing, but also for
avoiding negative psychosocial effects of such a test.

oooooooooooooooooooo .

mutations causing CF (AF508 and 6-12 other mutations)
identifies 85-90% of CF carriers in Caucasian popula-
tions. Most infants with CF are born in families with no

somal recessive disease, affecting about 1 in 2,500 live
births in the Caucasian population [1]. Approximately
1 in 25 people is an asymptomatic carrier of the CF gene.
About 4 years after the localization of CF on chromosome
7 [2], an important breakthrough in CF research was
achieved in August 1989: the identification of the CF gene
[3]. Meanwhile, more than 300 different CFTR mutations
have been documented by the International Cystic Fibro-
sis Analysis Consortium. Testing for the most common

history of the disease. Therefore, population screening is
the only way to reach the majority of couples at risk of
having a CF child. However, the implementation of a het-
erozygote screening programme for CF leads to many
complex problems [4-6]. A major problem is the limited
test sensitivity: a detection rate of 85-90% implies that
10-15% of all carriers receive a false-negative result,
which has to be explained very carefully to all testees. This
not only compounds the normal problems of genetic
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counselling, but also requires effective educational pro-
grammes to increase public understanding regarding hu-
man genetics and genetic disorders as well as common
notions of probability [7, 8]. Moreover, education is a pre-
requisite for ensuring that testing of individuals at risk, or
screening of the population for CF carriers, is based on
real ‘informed’ consent, and that people make more
informed decisions in a genetic context. The importance
of education was a major lesson learnt from the sickle cell
and Tay-Sachs screening programmes in the seventies
(9, 10].

To study the complex issues involved in offering a pop-
ulation screening programme for CF, pilot projects have
been initiated in the US[11], Canada[12, 13] and Europe
[14-18]. While most of these studies revealed a poor level
of knowledge of CF and its genetic nature, they also
showed that the attitude towards population screening for
CF carriers was fairly positive. Support for offering the
possibility for CF screening ranged from 72 to 100% [19],
while the proportion who wished to be tested themselves
varied between 54 [14] and 89% [19]. A study within a
group of adults in Flanders [20] revealed that nobody con-
sidered a mass screening programme for CF unaccept-
able, while merely 1% thought it was unnecessary. At the
same time, only 63% of the group reported that they
wanted to know their own carrier status.

The present study is mainly aimed at assessing atti-
tudes towards carrier testing for CF within a randomly
selected group of adolescents in Flanders. In the first part
of the study, information about the nature and transmis-
sion mode of CF was given systematically to all partici-
pants. We always checked the understanding of the notion
of ‘asymptomatic carrier’ and corrected it if needed
before investigating attitudes towards CF carrier testing.
In the second part of the study, we investigated whether
understanding of this notion persisted and whether the
attitude towards CF carrier testing changed over time.

Method

The study was executed in cooperation with the Medical School
Health Service between January and December 1993. In the first part
of the study, alternating self-report questionnaires and standardized
face-to-face interviews concerning knowledge and opinions about
health problems, genetic diseases, perceived susceptibility to genetic
disease and expectations regarding genetic testing, were adminis-
tered within the scope of a 2-yearly medical checkup. Special atten-
tion was paid to CF and to carrier identification for CF, in the ques-
tionnaire and in the interview. First, initial general knowledge about
CF was measured by one open-ended and two multiple-choice ques-
tions (appendix A). To make sure that all students would have the
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same minimal level of basic information about the nature and the
mode of inheritance of CF, they were provided with an informative
text. This text (one page) concerned the symptoms of the disease,
possible treatments, the recessive mode of inheritance, the possibility
of CF carrier testing (mouthwash sample), and the possibility of pre-
natal diagnosis (appendix B). Immediately after reading the text, the
adolescents had to answer six multiple-choice questions, evaluating
whether they grasped the meaning of CF carriership (appendix C).
The number of right responses on these six questions constituted the
total score for understanding. Immediately after answering these six
questions, wrong answers were always corrected and additional
information was given if needed. It is only after this information pro-
cess that the attitudes towards carrier testing for CF were assessed.
This was done by asking the subjects (a) if they would want to know
their own carrier status at present, (b) in the future and (c) in the case
that the Medical School Health Service would offer a CF carrier test
during the next school year. Perceived benefits of and barriers to
knowledge of their own carrier status were assessed by four open-
ended questions (appendix D).

In the second part of the study, about 6 months later, all partici-
pants of the first part were invited to complete a follow-up question-
naire during lunch time at school. This follow-up questionnaire
repeated the foregoing questions (appendices A, C and D) but did not
contain the informative text about CF. During the second part of the
study, we also used a ‘control group’ for the questions concerning
general knowledge about CF. This control group, invited along to the
follow-up session, consisted of subjects from the same schools who
did not participate in the first part of the study. The control group
had only one function in this paper, namely to check whether there
had been a change in general knowledge about CF during the
6-month interval due to an uncontrolled factor.

Subjects

In the first part of the study a group of 166 fifth-grade students
between 16 and 20 years old was selected at random from name lists
we received beforehand from the Medical School Health Service.
Four of these subjects did not answer the questions about CF, so that
the sample in this paper is confined to 162 subjects. About 6 months
later, nearly 64% of them also filled in the follow-up questionnaire.
These 103 subjects were considered as the follow-up group. The con-
trol group consisted of 117 subjects (17-20 years old), attending the
same schools and classes as the initial group of 162 students. Some
subjects did not answer all the questions, resulting in a different sam-
ple size for some questions. Table 1 gives an overview of some socio-
demographic characteristics of the three groups of subjects. About
one fifth of the initial sample and the control group, and more than
one quarter of the follow-up group were acquainted with a CF
patient. These surprisingly high proportions are due to the presence
of two CF patients in one school involved in our study. No significant
differences were found among the three groups regarding the charac-
teristics described in table 1.

Results

First, a description of the results of the first part of the
study involving the group of 162 subjects is given. This
group is referred to as the ‘initial sample’. Secondly, the
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Table 1. Sociodemographic characteristics and proportions of
subjects who are acquainted with a CF patient

Initial Follow-up Control
sample group group
(n=162) (n=103) (n=117)
Sex
Male 45.1% 41.7% 42.7%
Female 54.9% 58.3% 57.3%
Mean age, years 16.7 17.2 17.4
Education
General 52.5% 56.3% 56.9%
Technical 47.5% 43.7% 43.1%
Do you know a CF patient?
Yes 21.0% 27.2% 20.5%
No 79.0% 72.8% 79.5%

results of the follow-up group are presented and compared
with the results from the first part of the study. Making
this comparison, only the subgroup of 103 subjects who
participated in both parts of the study is considered. This
group is called ‘follow-up group moment 1’ when talking
about the first part of the study and ‘follow-up group
moment 2’ when reporting on the follow-up session.
Inspection of the results tables reveals that the pattern of
results within the initial sample as a whole and within its
subgroup, i.e. ‘the follow-up group moment 1’ is largely
the same. Therefore, we conclude that no self-selection
occurred regarding participation in the follow-up session.

Initial General Knowledge about CF

Only 28.9% of the initial sample had heard of CF;
when asked to give a brief description of CF, 88.4% could
give at least one feature of the disease, which corresponds
to 25.5% of the total initial sample. Respiratory problems
are the most salient feature of the disease and were
referred to by 20.1% of the initial sample. The genetic
cause was spontaneously mentioned by only 2.0%. The
multiple-choice question concerning the cause of CF was
answered correctly by 4.7% (i.e. genetic cause). When
asked about the incidence of the disease in both sexes,
14.8% chose the correct alternative (i.e. CF is equally like-
ly in boys and girls). The proportion of ‘I do not know’ and
missing answers was very high: 85.9% for the first mul-
tiple-choice question and 84.6% for the second.

54 Eur J Hum Genet 1996;4:52-62

Understanding of Recessive Inheritance and
Carriership for CF Immediately after Reading an
Informative Text in the First Part of the Study

The answers to the six multiple choice questions (ap-
pendix C) are presented in table 2. Wrong answers were
always corrected to ensure that the students were correctly
informed before answering the next questions concerning
attitudes towards CF carrier testing.

A high score was obtained for most of the statements.
Except for the third statement (i.e. other people can be
infected by a CF carrier), more than four fifths of the ini-
tial sample gave a correct answer. This corresponds to a
mean total score of 5.2. However, although all subjects
had read the text immediately before answering these
questions, the proportion of subjects who answered all six
questions correctly reached only 48.1%. A t test revealed
that the total score for understanding was significantly
higher for the subjects who were acquainted with a CF
patient (t = 2.6; p < 0.05).

Initial Attitudes towards Carrier Testing for CF

After correcting the errors in understanding of reces-
sive inheritance and asymptomatic carriership, subjects
were asked if they would want to know their own CF car-
rier status (at the time of the study, in the future, and in
the case that the Medical School Health Service would
offer a CF carrier test the following year). They could
give their answer by choosing one of the following alter-
natives: ‘yes’, ‘I do not know’, or ‘no’. The results in
table 3 reveal that the proportion of subjects who do not
want to know their carrier status at the time of the study
was larger than the proportion of those who do. At the
same time, only a small minority stated that they did not
want to be informed about their own carrier status in the
future or by the Medical School Health Service the fol-
lowing year.

To examine if the change in attitude from one question
to another was significant, a series of sign tests [21] was
conducted. These tests revealed that the attitude towards
knowing one’s CF carrier status at the time of the study
was significantly more negative than the attitude towards
knowing it in the future (z = -9.06; p < 0.01) or if a test
were to be offered by the Medical School Health Service
the following year (z = -7.59; p < 0.01). The subjects in
the initial sample were more positive towards knowledge
about their own carrier status ‘in the future’ than towards
a test offered by the Medical School Health Service the
following year (z = -2.91; p < 0.01). Subsequent analyses
showed no significant relation between attitudes towards
knowing their own carrier status as measured by the three
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Table 2. Percentage of correct answers on the six multiple-choice questions concerning the informative text about CF

Initial sample Follow-up group Follow-up group McNemar
moment 1# moment 2b change test
(n=162) (n=103) (n=103) ?)
A CF carrier is not suffering from CF 90.7% 89.3% 79.6% 2.23
A CF carrier does not get CF later in life 88.3% 88.3% 66.0% 12.90*
Other people cannot be infected by a CF carrier 67.9% 66.0% 44.7% 9.02*
Not all of a CF carrier’s children will obligatorily be a CF carrier 83.3% 84.5% 52.4% 20.00*
A CF carrier’s children have a chance to be a CF carrier 94.4% 94.2% 76.7% 9.37*
A CF carrier’s children have a chance to suffer from CF 96.3% 97.1% 80.6% 10.31*

*p<0.01.

Follow-up group moment 1 = results obtained in the first part of the study from the subjects participating in the follow-up sessions.

b

Follow-up group moment 2 = results obtained in the second part of the study from the subjects participating in the follow-up sessions.

questions on the one hand, and acquaintanceship with a
CF patient (x2) on the other,

Subjects who were positive about knowing their own
carrier status in the future were also asked at what time in
the future they would like to have this information (open-
ended question). Most of them (58.6%) stated that they
wanted to know their own carrier status before mak-
ing reproductive decisions. A small proportion (10.5%)
thought that knowing one’s own carrier status was best
only after marriage, while 4.5% would want to have this
information before they had a partner.

The following two open-ended questions examined the
perceived benefits of having a CF carrier test at the time
of the study and in the future. The answers to these ques-
tions were coded into broader categories as shown in
table 4.

More than one quarter of the initial sample stated that
knowing their own carrier status at the time of the study
had no benefits at all, but this proportion decreased signif-
icantly to less than 5% when considering carrier testing in
the future (McNemar change x2 = 27.84; p< 0.01). On the
other hand, more than half the initial sample (53.1%) did
perceive some benefit for a carrier test at the time of the
study; the most important benefits were ‘having certainty,
being informed’ without mentioning children or repro-
ductive plans (21.0%), and ‘knowing the risks for future
children’ (17.3%). With regard to having a test in the
future, 82.1% of the initial sample mentioned some bene-
fit. Here, reproductive plans became more prominent:
about half of all the answers dealt with the possibility of
making more informed decisions concerning children,

Adolescents’ Attitude towards Carrier
Testing for CF

Table 3. Attitudes toward knowledge about their own CF carrier
status at the time of the study, in the future, and if offered by the
Medical School Health Service (MSHS) during the next school year

Initial Follow-up group
?ﬁnipllgl) moment 12 moment 2°
n=102) (n=100)
At the time of the study
Yes 37.3% 31.4% 31.0%
1 do not know 15.5% 21.6% 30.0%
No 47.2% 47.1% 39.0%
In the future
Yes 82.6% 81.4% 55.0%
I do not know 9.3% 9.8% 34.0%
No 8.1% 8.8% 11.0%

Offered by the MSHS during the next school year

Yes 68.3% 62.7% 61.2%
I do not know 16.1% 17.6% 22.4%
No 15.5% 19.6% 16.3%

a2 Follow-up group moment 1 = results obtained in the first part of
the study from the subjects participating in the follow-up sessions.

b Follow-up group moment 2 = results obtained in the second part
of the study from the subjects participating in the follow-up ses-
sions.

¢ n =98 for the MSHS question.
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Table 4. Perceived benefits of having

a CF carrier test at the time of the study and Initial Follow-up group
in the future sargplle moment 12 moment 2%
@=162)  1-103) @=103)

At the time of the study

No benefits 272% 31.1% 8.7%

Benefits: total 53.1% 49.6% 70.9%
Having certainty, being informed 21.0% 15.6% 37.9%
Knowing risks for future children 17.3% 14.6% 19.4%
If 'm a carrier, urge partner to take the test 8.0% 10.7% 2.9%
Preventing the birth of a CF child 3.7% 3.9% 1.0%
Other 3.1% 4.8% 9.7%

Answer reflecting misconceptions 0.0% 0.0% 5.8%

No answer 19.8% 19.4% 14.6%

In the future

No benefits 4.9% 5.8% 1.2%

Benefits: total 82.1% 80.5% 77.3%
Informed reproductive decisions 51.2% 48.5% 51.1%
Preventing the birth of a CF child 14.8% 15.5% 12.6%
Informing oneself about CF 6.8% 6.8% 5.8%
Other 9.3% 9.7% 7.8%

Answer reflecting misconceptions 0.0% 0.0% 3.9%

No answer 13.0% 13.6% 17.5%

2 Follow-up group moment 1 = results obtained in the first part of the study from the
subjects participating in the follow-up sessions.
b Follow-up group moment 2 = results obtained in the second part of the study from the
subjects participating in the follow-up sessions.

and 14.8% mentioned prevention of the birth of a CF
child as a benefit.

The last two open-ended questions examined barriers
to knowledge about their own CF carrier status at the time
of the study and in the future. The answers were coded
into broader categories and are presented in table 5.

A minority of 16.7% of the initial sample perceived no
barriers at all regarding a CF carrier test at the time of the
study. This proportion increased significantly to about
one fourth for having such a test in the future (McNemar
change ¥ = 5.63; p < 0.05). Complementary to these
small proportions, nearly three quarters (74.7%) and
more than half (5§7.4%) of the initial sample mentioned
some barrier to knowing their own carrier status at the
time of the study and in the future, respectively. As for
perceived barriers at the time of the study, nearly one
third of the subjects mentioned the expectation of being
worried about the increased risk of having a CF child or
about transmitting the carrier status to future children in
the event that the test result would be positive. Further, a
small but substantial proportion of the initial sample

56 Eur ] Hum Genet 1996;4:52-62

(11.7%) was afraid that a positive test result would have a
negative impact on self-image. Expressions like ‘I would
feel abnormal, sick, very depressed ..." or ‘I could never be
happy again’ belong to this category. When barriers to
having a CF carrier test in the future were considered, the
expectation of worry remained important: it was men-
tioned by more than one fifth of the subjects. The argu-
ment concerning being afraid of becoming pregnant or
during pregnancy became a more prominent barrier than
for the question concerning having a test at the time of
the study; it reached about the same level as the expecta-
tion of being worried. Finally, being afraid that a positive
test result would have a negative influence on self-image
remained a salient barrier for a small proportion of the
initial sample.

Are There Differences in General Knowledge about CF

6 Months Later?

The follow-up group, who answered the general knowl-
edge questions twice with an interval in between of
6 months, did better the second time: the proportion of

Welkenhuysen et al.



Table 5. Perceived barriers to having a CF carrier test at the time of the study and in the future

Initial Follow-up group
za:r:pllgz) moment 1* moment 2b
n=103) (=103)
At the time of the study
No barriers 16.7% 15.5% 17.5%
Barriers: total 74.7% 71.9% 62.1%
If 'm a carrier, I will be worried 32.1% 28.2% 35.9%
I’'m too young to have children 14.2% 15.5% 3.9%
If 'm a carrier, it will have a negative impact on my self-image 11.7% 12.6% 13.6%
If ’'m/my partner is a carrier, having children will be a problem 5.6% 4.9% 3.9%
If ’'m a carrier, it will increase anxiety about a/during pregnancy 4.9% 4.9% 1.0%
Other 6.2% 5.8% 3.8%
Answer reflecting misconceptions 0.0% 0.0% 2.9%
No answer 19.8% 19.4% 14.6%
In the future
No barriers 26.5% 26.2% 19.4%
Barriers: total 57.4% 58.2% 43.6%
If I'm a carrier, I will be worried 21.6% 21.4% 18.4%
If I'm a carrier it will increase anxiety about a/during pregnancy 18.5% 19.4% 1.0%
If ’'m/my partner is a carrier, having children will be a problem 8.6% 8.7% 11.6%
If 'm a carrier, it will have a negative impact on my self-image 6.2% 5.8% 8.7%
Other 2.5% 2.9% 3.9%
Answer reflecting misconceptions 0.0% 0.0% 1.0%
No answer 16.1% 15.6% 35.9%

2 Follow-up group moment 1 = results obtained in the first part of the study from the subjects participating in the

follow-up sessions.

b Follow-up group moment 2 = results obtained in the second part of the study from the subjects participating in the

follow-up sessions.

the follow-up group who spontaneously mentioned at
least one CF feature was higher than 6 months before
(56.3 vs. 27.2%; McNemar change %2 = 23.36; p < 0.01);
the respiratory problems, again the most salient feature,
were also mentioned more frequently 6 months later (48.5
vs. 24.3%) and we observed an increase in the proportion
of subjects who spontaneously referred to the genetic
cause of the disease (12.6 vs. 2.0%). However, the results
on the multiple-choice question concerning the cause of
CF were not much better than 6 months before (8.7 vs.
4.7% correct answers). This discrepancy is due to the sub-
stantial proportion (10.7%) who incorrectly chose the
alternative ‘chromosomal abnormality’ as the genetic
cause of CF. The results on the second multiple-choice
question were significantly better: 39.8% (vs. 19.6%;
McNemar change 2 = 14.7; p < 0.01) answered that CF
occurs equally likely in boys and girls. On the other hand,
the frequency of ‘I do not know’ and missing answers on

Adolescents’ Attitude towards Carrier
Testing for CF

these last two multiple-choice questions was still high
(67.0 and 50.5%, respectively).

The control group, who answered the same questions
as the initial sample to assess existing knowledge about
CF, showed no difference at all with the initial sample:
35.9% of the control group had heard of CF before, 30.8%
could describe at least one feature of the disease, the respi-
ratory problems were the most frequently mentioned
characteristics, only 4.3% could correctly answer the mul-
tiple-choice question concerning the cause of CF and
19.6% knew that CF occurs equally likely in boys and
girls.

Are There Differences in Understanding of Recessive

Inheritance and Carriership for CF 6 Months Later?

As shown in table 2, the results of the follow-up group
for five of the six multiple-choice questions concern-
ing asymptomatic carriership were significantly worse
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6 months after reading the informative text about CF than
immediately after receiving the information. This oc-
curred although additional information was given by the
interviewer when needed in the first part of the study.
Only for the first question was no significant difference
observed. The results on the third statement (i.c. other
people can be infected by a CF carrier) were the poorest
again. The total score for understanding also reflected this
drop in performance after 6 months, with a significant
decrease from 5.2 to 4.1 (t = 5.84; p < 0.01). When the
proportion of subjects who answered all six questions cor-
rectly is considered, a corresponding decrease from 48.1%
immediately after reading the text to 23.3% 6 months lat-
er was observed. Similar to the first part of the study, the
total score for understanding was significantly higher for
the subjects who were acquainted with a CF patient (t =
2.2; p<0.09).

Are There Differences in Attitudes towards Carrier

Testing for CF 6 Months Later?

The three questions concerning attitudes towards CF
carrier testing, which were asked a second time during the
follow-up session, elicited largely the same pattern of
results as 6 months before (table 3): the proportion of sub-
jects who did not want to know their own carrier status at
the time of the study was larger than the proportion that
did, while the proportion who did not want to know it in
the future or if a test were to be offered by the Medical
School Health Service the following year was fairly small.
Subsequent sign tests revealed that, similar to the first
part of the study, the attitude towards knowing one’s CF
carrier status at the time of the study was significantly
more negative than the attitude towards knowing it in the
future (z = -5.43; p < 0.01) or when a test were to be
offered by the Medical School Health Service (z = -4.85;
p <0.01). However, while in the first part of the study, the
follow-up group was more positive towards knowing their
own carrier status in the future than towards the offer
from the Medical School Health Service (z = -2.76; p <
0.01), there was no difference in attitude concerning these
two options during the follow-up session. In other words,
shortly after receiving information about CF and CF car-
rier testing, the favorite option was knowing one’s own
carrier status in the future, while after 6 months this latter
option seemed equally attractive as learning one’s own
carrier status when a test is offered by the Medical School
Health Service. The difference between the two parts of
the study becomes clearer when the results for each of the
three questions are compared separately. A series of sign
tests revealed only one significant difference: in the sec-
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ond part of the study, the attitude towards knowing one’s
own CF carrier status in the future was more negative
than in the first part (z =-2.44; p<0.01). An inspection of
table 3 reveals that this was due to a higher proportion of
subjects who were indecisive during the follow-up session,
rather than to explicit negative answers. Similar to the
first part of the study, the relation between tWelkenhuysen
towards knowing one’s own carrier status and acquain-
tanceship with a CF patient was not significant. There was
no significant rank correlation with the total score for
understanding.

When asked at what time in the future they wanted to
be informed about their own CF carrier status, the follow-
up group answered largely in the same way as in the first
part of the study. As for perceived benefits of knowing
their own CF carrier status, the results of the two parts of
the study were very similar (table 4), except for the follow-
ing: in the second part of the study, the proportion of sub-
jects who perceived no benefits at all in knowing their
own carrier status at the time of the study was much
smaller, while the proportion mentioning ‘having certain-
ty, being informed’ was more than twice as large as in the
first part of the study. With respect to knowing their own
carrier status in the future, reproductive plans and espe-
cially the possibility of making more informed decisions
were far the most important benefits, as also observed in
the first part of the study.

In the second part of the study, the answers concerning
perceived barriers to knowledge about their own CF carrier
status were not very different from those in the first part
(table 5). The proportion of subjects answering ‘no barriers
at all’ was just as small; with regard to perceived barriers in
the future it was even somewhat smaller than in the first
part of the study. The expectation of being worried
remained the most important barrier, and again a small
proportion talked about being afraid that a positive test
result would have a negative impact on self-image. With
respect to barriers to knowledge about their own carrier
status at the time of the study, the argument ‘I am too
young to have children’ was mentioned less frequently than
in the first part of the study. Increased anxiety about get-
ting pregnant or during a pregnancy was a less prominent
barrier to knowing one’s own carrier status in the future.

Discussion
Our study shows that senior high school students’ ini-

tial general knowledge about CF is poor: only about one
third of our subjects had ever heard of CF and less than
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5% knew it to be caused by a gene abnormality. This is
considerably less than in recent British studies involving
high school students, where 59-84% reported they had
heard of the disease [15, 16, 19] and 61.6% knew it was
inherited [19]. About one quarter of the students in the
Flemish study spontaneously mentioned that CF is char-
acterized by respiratory problems. This corresponds more
or less to the results of the British studies (between 17 and
34%) and to the results of an earlier Flemish study [20]
involving adults (28%).

It is obvious from these data that education about the
nature and course of CF will be required before young
people can make more informed decisions about CF car-
rier testing,

Participation in the first part of the study and receiving
concise information about CF had an effect on the general
level of knowledge, although it was limited. The improve-
ment in the follow-up group cannot be attributed to an
uncontrolled factor during the 6-month interval between
the interviews and the follow-up session. This can be
deduced from the results for the control group: their level
of general knowledge was similar to the initial level mea-
sured in the first part of the study.

The relationship between knowledge about CF and
acquaintanceship with a CF patient remained significant
in the second part of the study. This indicates that the
long-term effect of the informative text on knowledge was
fairly limited. More elaborate and attractive visual infor-
mation could be helpful in this respect.

In the first part of the study, the answers to the six mul-
tiple-choice questions concerning the informative text
revealed that, immediately after reading the text, the sub-
jects had enough passive knowledge about recessive in-
heritance of CF and asymptomatic carriership to allow
them to agree with most of the correct statements con-
cerning this topic and disagree with most of the incorrect
statements. This is of course much easier than active
reproduction of the information. When asked the same
questions 6 months later, the students did significantly
worse. Moreover, the question concerning benefits of
knowing one’s own CF carrier status at the time of the
study made it clear that at least 6 subjects in the follow-up
group transformed the information into some misconcep-
tion about asymptomatic carriership or about CF being a
contagious disease. Together with the rather high propor-
tion of students (about 30%) incorrectly agreeing with the
statement that other people can be infected by a CF car-
rier, this suggests that educational programmes or infor-
mation about genetics and genetic diseases should pay
(more) attention to this ‘confusion’ about genetic trans-

Adolescents’ Attitude towards Carrier
Testing for CF

mission. It is our hypothesis that knowledge about carrier-
ship for AIDS might be at the origin of this confusion.

With regard to the attitude towards knowing one’s own
CF carrier status, most of the students would clearly pre-
fer to receive a carrier test in the future. Only about one
third of the group would like to know their own carrier
status at the time of the study. This was consistent in both
study parts. The attitude towards knowing one’s CF car-
rier status in the future was less positive in the follow-up
(55%) than in the first part of the study (80%). The main
reason for waiting was the expectation of being worried
about risks for children in the case of a positive test resuit,
and this at a stage in life for which plans to have children
are usually not yet important. In line with this reasoning,
reproductive plans formed the central theme in the indi-
cation of benefits of knowing one’s own carrier status in
the future, and in the answers concerning the best time to
receive this information. The majority of positive atti-
tudes towards having a carrier test ‘in the future’ in the
first part of the study corresponds to the results of two
British studies [15, 19], both reporting a proportion of
77% of students with a positive attitude.

It is intriguing why so many more students in the sec-
ond part of the study were indecisive about knowing their
own carrier status in the future and why the proportion of
positive answers to this question decreased to 55%. A pos-
sible explanation for this decrease in positive attitudes is
the fact that the informative text, which served as a cue to
action [22], was not available during the follow-up ses-
sion. A similar explanation can be given for the high pro-
portion of positive answers (more than 60%) when sub-
jects were asked about participation in a screening pro-
gramme offered by the Medical School Health Service:
the hypothetical offer by the Medical School Health Ser-
vice in the next school year can be viewed as an important
cue to action. This line of reasoning receives some support
from the high uptake rate observed in a study by Kaplan
et al. [23]: 70% of the students who attended an informa-
tion session about CF also participated in the screening
session, both sessions being organized in close collabora-
tion with the school board, within curriculum time.

It is important to pay sufficient attention to the
increase in indecisiveness about knowing one’s own car-
rier status from the first to the second part of the study.
This increase in indecisiveness suggests that the weighing
up of the advantages and disadvantages of carrier testing
is a dynamic and complex process that needs time. In this
respect, temporary indecisiveness should be viewed posi-
tively. On the other hand, it also suggests that one should
proceed with care when offering carrier testing in a high
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school situation. Obviously, screening in high school has
some advantages [17, 24]: it is administratively easy, it
provides an opportunity to combine the test with a formal
education programme and it can usually be considered as
‘prepregnancy’ screening, so that it leaves open the full
range of reproductive options. On the other hand, it has
many disadvantages. First, the time delay between ob-
taining the test result and using the information is long.
Secondly, there is no consensus about consent residing
with the parents or with the teenager. Particularly in high
school, peer pressure towards conformity may occur, so
that adolescents cannot always make a really free deci-
sion. From a psychological point of view, they may be
especially vulnerable to social stigmatization when testing
occurs in a group session and loss of self-esteem may also
occur [9, 25]. A small proportion of the answers on the
questions concerning barriers to receiving a CF carrier
test at present and in the future point in that direction,
expressing very negative feelings in the situation where
one would actually be a carrier. That carriership of a
recessive defective gene can have some negative connota-
tions was also found in a study by Marteau et al. [26],
which showed that Tay-Sachs carriers perceive their fu-
ture health with less optimism than do non-carriers.
Moreover, a study by Evers-Kiebooms et al. [27] revealed
that CF carriers have less positive feelings about them-
selves than non-carriers and that CF carriership has nega-
tive connotations. Furthermore, in a study by Watson et
al. [28], nearly one quarter of a group of non-carriers for
CF, who attended an information session on CF and car-
riership for CF before participation in the screening ses-
sion, stated that it would lower their self-image if they
were carriers for CF. Therefore, a well-elaborated educa-
tional programme concerning human genetics and genetic
disease, here CF, is necessary to enable people to make
more informed decisions and to minimize possible nega-
tive psychosocial effects of carrier testing for CF and a
fortiori of carrier screening programmes,
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Appendix:
CF Questionnaires and Information Sheet

A: Existing Knowledge about CF
Have you heard of CF before?
(1) Yes
(2) No
Do you know a child with CF in your surroundings?
(1) Yes
(2) No

Give a brief description of the disease.

(1) CF is caused by environmental factors.

(2) CF is caused partly by hereditary factors and partly by environ-
mental factors.

(3) CF is caused by a chromosomal abnormality.

(4) CF is caused by a gene abnormality.

(5) I do not know.
[Option 4 is the correct answer.]

(1) CF occurs almost exclusively in boys.
(2) CF occurs almost exclusively in girls.
(3) CF is (approximately) equally likely to occur in boys as in girls.
(4) I do not know.
[Option 3 is the correct answer.]

B: Information about Cystic Fibrosis

Cystic fibrosis (CF) is a serious disease occurring in childhood. It
is caused by the malfunctioning of certain glands, resulting in the
mucus (e.g. mucus in the lungs and in the intestines) being sticky and
viscous. Serious problems concerning the lungs, the bronchial tubes
and the digestive system can already exist at birth. The sticky mucus
clogs the minor bronchial tubes, creating difficulties in breathing.
Pneumonia also occurs frequently. The presence of the sticky mucus
in the intestines leads to digestive disorders. The physical develop-
ment and maturation of CF children are often retarded.

CF is an incurable disease. A specially adapted diet and good
medical treatment can to some extent reduce and/or postpone the
physical symptoms. Despite the progress in treatment already made,
many CF patients still die before they reach adulthood.

CF is a hereditary disease. Approximately 1 person out of 25 is an
asymptomatic carrier of CF, in other words, carries a defective he-
reditary characteristic, which can cause CF. A carrier does not have
symptoms of the disease him/herself, but the defective characteristic
Jfor CF is present in his/her genetic material. It is possible that he/she
passes on the defective characteristic to his/her children.

A couple can have a CF child only if both the father and the moth-
er are asymptomatic carriers of the defective gene.

When two asymptomatic carriers of CF have a child, then the
chance is 1 out of 4 (25%) that this child will suffer from CF; 2 out of
4 (50%) that this child will be a carrier of the disease, but does not
suffer from it (like the parents); and 1 out of 4 (25%) that this child
does not suffer from the disease and is not a carrier, in other words,
this child cannot transmit the disease.

Welkenhuysen et al.



Before a pregnancy, the examination of mouthwash samples
makes it possible to detect asymptomatic carriers of CF (persons who
do not suffer from the disease, but who may pass it on to their chil-
dren); this procedure is called a carrier test.

Prenatal diagnosis makes it possible to detect the disease during
pregnancy.

C: Knowledge about Recessive Inheritance and Carriership
for CF

(1) An asymptomatic carrier of CF is suffering from CF.

(2) An asymptomatic carrier of CF will get CF later in his/her life.

(3) Other people can be infected by an asymptomatic carrier of CF
and get CF also.

(4) An asymptomatic carrier of CF will pass the gene with certainty
to each of his/her children and they will all be carriers.

(5) There is a chance that an asymptomatic carrier of CF will pass the
defective gene to his/her children, so there is a chance that they
will be carriers too.

(6) There is a chance that the children of an asymptomatic carrier of
CF will suffer from CF.

For each of these six statements the subjects could choose to
answer ‘correct’, ‘wrong’ or ‘I do not know’.

D: Attitudes toward Carrier Screening for CF and Perceived
Benefits of and Barriers to Knowledge of Their Own Carrier
Status

Your situation being as it is NOW, would you want to know
NOW if you are an asymptomatic carrier of CF?
(1) Yes
(2) I do not know
(3) No

What would encourage you to have a carrier test for CF NOW? In
other words, according to you, what are the advantages of receiving a
carrier test NOW?

What would hold you back from having a carrier test for CF
NOW? In other words, according to you, what are the disadvantages
of receiving a carrier test NOW?

Would you want to know your carrier status IN THE FUTURE?
(1) Yes
(2) I do not know
(3) No

At what time in the future?

What would encourage you to have a carrier test for CF IN THE
FUTURE? In other words, according to you, what are the advantages
of receiving a carrier test IN THE FUTURE?

What would hold you back from having a carrier test for CF IN
THE FUTURE? In other words, according to you, what are the dis-
advantages of receiving a carrier test IN THE FUTURE?

Suppose that the School Health Service were to offer all sixth-year
students of secondary school the possibility for testing if they are
asymptomatic carriers of CF (a test based on a mouthwash sample).
What would you do in such a case?

(1) I would let them test if I am a carrier of CF
(2) 1 do not know
(3) I would not let them test if I am a carrier of CF

R T Yy Y Y Y Y Y
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