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CF Carrier testing in a high risk population: Anxiety, 
risk perceptions, and reproductive plans of carrier 
by "non-carrier'' couples 
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Purpose: The risk perceptions, psychological status and reproductive plans of 52 carrier by "noncarrier" (mutation 

screen negative) couples is the subject of this report. Methods: Cystic fibrosis (CF) carrier testing was offered to 
relatives of individuals with CF. Results: In this population testing was not associated with any significant adverse 

psychological effects, reproductive uncertainty, or inaccurate r isk perceptions. Conclusions: The results of this 
study have important implications in light of the recent NIH CF Consensus Panel recommendations that CF carrier 
testing be offered to all high risk adults and all couples planning a pregnancy or seeking prenatal testing. Genetics 

in Medicine, 1999:1(7):323-327. 
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In response to various concerns about the implementation 
of population-based carrier testing for cystic fibrosis (CF), the 
Ethical Legal and Social Implications (ELSI) Branch of the Na- 
tional Human Genome Research Institute funded seven CF 
pilot projects in 1991. The issues of test sensitivity and the 
potential that testing might result in confusion and reproduc- 
tive uncertainty, especially among couples in which one mem- 
ber tests positive and the other has a negative mutation screen, 
were among some of the critical areas of concern. The purposes 
of the pilot projects were to assess interest in testing, develop 
effective methods for providing counseling, education and in- 
formed consent for testing, evaluate the influence oftest results 
on reproductive behavior, and document the occurrence of 
psychological and social effects of testing. 

In April 1997, a 14-member Consensus Panel was convened 
by the National Institutes of Health to assess the optimal prac- 
tices for genetic testing for CF. In compiling their recommen- 
dations, the panel considered the data gathered by the pilot 
projects as well as other published reports. The panel recom- 
mended that CF carrier testing be offered to adults with a fam- 
ily history of CF, couples currently planning a pregnancy, and 
couples seeking prenatal testing.' The consensus conference 
report emphasized the need for testing to be accompanied by 
appropriate education, counseling, and informed consent so 
that individuals can make informed autonomous decisions re- 

garding testing. Specifically, the report states that individuals 
to whom testing is offered should receive adequate and bal- 
anced information regarding the range of severity of the dis- 
ease as well as the complex concepts of test sensitivity and risk. 
Presently a Steering Committee composed of representatives 
from the American College of Obstetrics and Gynecology, the 
American College of Medical Genetics, and the Ethical, Legal, 
and Social Implications Branch of the NHGRI is preparing 
professional practice guidelines for prenatal CF carrier testing. 
It is anticipated that these guidelines will be issued within the 
next 6 to 12 months. 

In our ELSI funded CF Pilot Project, we offered cystic fibro- 
sis carrier testing to relatives of individuals with CF. A total of 
296 relatives were tested as part of this study and 120 CF car- 
riers were identified. CF carrier testing was offered to the 
spouse or partner of all identified carriers, and genetic coun- 
seling was offered to all carriers regardless of their partner's 
decision to be tested. 57 partners were tested and 5 carriers 
were identified. The 5 carrier by carrier couples all received 
genetic counseling and were excluded from further participa- 
tion in the study. The risk perceptions, psychological status 
and reproductive plans of the remaining 52 carrier by "non- 
carrier" couples are the subject of this report. 
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Subject Recruitment 

This study was approved by the University of North Caro- 
lina Institutional Review Board. Details of study participation 
have been reported pre~iously'-~ and are summarized in Ta- 
bles 1 and 2. A total of 320 CF patients followed at the Univer- 
sity of North Carolina CF Center were identified. Each patient, 
or their parents if the patient was a minor, was sent a letter 
from the CF Center Director describing the study. They were 
then contacted by telephone by a study researcher and asked to 
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Table 1 
Summary of patient recruitment 

Clinic screen Home screen 
N = 163 N = 157 
(50.9%) (49.9%) 

Not eligible 28 2 1 

Not able to 
contact 

Eligible 94 109 

Declined 34 (36.2%) 27 (24.8%) 

Passive refusal" 14 (14.9%) 19 (17.4%) 

Participated 46 (48.9%) 63 (57.8%) 

"Passive refusal refers to individuals who agreed to participate but did not 
complete the process by providing contact information for their relatives. 

Table 2 
Summaw of relative's ~articioation 

Clinic screen Home screen 
N = 265 N = 434 

Contacted 205 309 

Declined 85 57 

Accepted 120 252 

Passive refusala 30 46 

Tested 90 206 

"Passive refusal refers to individuals who agreed to participate but did not 
complete the process by either scheduling an appointment for education and 
testing (Clinic Screen group) or submitting a sample for testing (Home Screen 
group). 

participate by providing the names, addresses, and telephone 
numbers of their close relatives. Patients were also asked to 
submit a blood sample for CF mutation analysis if this had not 
been performed previously. The patients were randomly as- 
signed to one of two testing arrangements: A clinic screen 
group in which relatives would receive traditional pretest edu- 
cation in clinic, and a home screen group, in which relatives 
would receive their pretest education by a specially designed 
educational brochure and would receive a saliva sample collec- 
tion kit for mutation testing. 

Our research participants included the siblings, aunts, un- 
cles, and first cousins of individuals with CF in which the mu- 
tation status was known and carrier testing by direct mutation 
analysis was possible. Participants were initially contacted by 
letter with a follow up telephone contact. All participants were 
at least 18 years ofage, not currently pregnant, and living in the 
study inclusion area (NC, SC, TN, VA, or WV). 

Education and Testing 

All education, counseling, and testing was provided at no 
cost to the participants. Individuals in the clinic screen group 
received pretest educationlgenetic counseling in clinic by a cer- 
tified genetic counselor prior to testing. Individuals in the 
home screen group were educated by a specially designed ed- 

ucational brochure. The topics covered in the brochure 
matched topics generally covered in a pretest genetic counsel- 
ing session including information about CF, explanation of 
autosomal recessive inheritance, estimate of carrier risks for 
relatives, implications of being a CF gene mutation carrier, and 
information about how the testing is accomplished. The bro- 
chure was written at an eighth grade reading level and was pilot 
tested. 

Carrier testing was performed on saliva samples by a reverse 
dot blot procedure. All subjects were screened for six common 
CF mutations (delta F508, G5513, G542X, R553X, W1282X, 
and N1303K). 

CF carrier testing was offered to the spouse or partner of any 
relative who was found to be a CF gene mutation carrier. Those 
who elected to be tested were screened for the above-men- 
tioned six common CF mutations. All carriers were offered the 
opportunity to return for additional genetic counseling re- 
gardless of their partner's decision to be tested. Participants 
were informed of the limitations of testing at the time of the 
study, both verbally and in a results letter. We also recom- 
mended that they seek genetic counseling in the future if they 
had additional questions or concerns about their carrier status 
or test results. 

Psychological Measures 

Carrier relatives and their partners were surveyed during the 
interval between the partner's testing and receiving the results 
and 6 months later. The 10-item Spielberger State-Trait Anxi- 
ety Inventory (STAI)5-6 was used to measure anxiety as an emo- 
tional state and personality trait. 

Positive and negative affect was measured by using the Pos- 
itive and Negative Affect Scale (PANAS) developed by Watson 
and  colleague^.^ Positive affect is defined as "the extend to 
which a person feels enthusiastic, active and alert. High PA is a 
state of high energy, full concentration and pleasurable en- 
gagement, whereas low PA is characterized by sadness and 
lethargy." Negative affect (NA) is characterized as a general 
feeling of "distress and unpleasurable engagement..including 
anger, contempt, disgust, guilt, fear, and nervousness with a 
low NA being a stage of calmness and serenity."' 

Risk Perceptions 

Prior to learning the partner's test results, carrier relatives 
and their partners were asked to give a numeric estimate ofthe 
partner's risk of being a CF gene mutation carrier and to eval- 
uate this risk on a 5 point scale ranging from extremely high' to 
extremely At the 6-month follow up, participants were 
also asked to give a verbal estimate of their children's risk for 
being a CF gene mutation carrier or for being clinically affected 
with CF using the same 5 point scale. 

Reproductive Plans 

The carrier relatives were asked about their reproductive 
plans upon entering the study and 6 months after learning 
their partner's carrier test results. The partners were also asked 
about their reproductive plans at the 6-month follow up. Al- 
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though participants were not asked specifically to consider the 
role of CF in their reproductive plans, the questions were asked 
in this context. 

RESULTS 
Education, Counseling, and Testing 

A total of 120 carriers were identified, 36 from the clinic 
screen group and 84 from the home screen group. 27136 indi- 
viduals in the clinic screen group and 65/84 individuals in the 
home screen group had partners. Of these, 19 (70.3%) of the 
clinic screen group partners and 38 (58.5%) ofthe home screen 
group partners accepted the offer for CF carrier testing. Five CF 
gene mutation carriers were identified among the 57 partners 
tested. The five carrier by carrier couples received genetic 
counseling and were excluded from further participation in the 
study. 

Few participants from either group returned for additional 
genetic counseling upon learning the results of their carrier 
testing. Results are summarized in Table 3. 

Psychological Measures 

The 10 item Spielberger State-Trait Anxiety Inventory 
(STAI) was used to measure participant anxiety. Spielberger 
reported that an average state anxiety score of the general pub- 
lic is 16.89 for males and 18.17 for females.5.6 Both relatives and 
their partners showed slightly higher anxiety scores while wait- 
ing for the partners test results, although the scores were not 
outside of the expected range for "normal" anxiety as mea- 
sured by the STAI. There were no significant differences be- 
tween the scores of the relatives and their partners at either 
point in time. Both the relatives and the partners showed a 
significant decrease in anxiety score 6 months after the com- 
pletion of testing (Table 4). 

Positive and negative affect were measured by the PANAS.7 
Carrier relatives scored in the average range for the general 
population while waiting for the partners' test results and six 
months later. There were no significant differences between 
relatives and their partners. 

Table 3 
Summary of testing and counseling 

Clinic Home 
(N = 90) (N = 206) 

Carrier 36 84 

No partner 9 19 

Partner 27 65 

Partner tested 19 (70.3%) 38 (58.5%) 

Carrier 3 2 

Non-carrier 16 36 

Counseling 6 (16.7%) 11 (13.1%) 

Novernber/D-,. ,,,, ,,,. I- 

Table 4 
Change in anxiety scores over time" 

Relatives Partners 
(N = 30) (N = 32) 

Waiting for results 17.4 17.31 

Six months later 14.7 15.0 

p < 0.01 p < 0.001 

"Anxiety as measured by the Spielberger State-Trait Anxiety Inventory (STAI). 
General population average scores are 16.89 for men and 18.17 for women. 

Risk Perceptions 

Prior to learning the results of the ~artners '  carrier testing, 
participants were asked to give an estimate of the partner's risk 
for being a CF gene mutation carrier and to rate this risk on a 
five point scale ranging from extremely low5 to extremely 
high.' Relatives generally rated this risk to be low. When the 
responses of individual couples were analyzed using a paired 
comparison t test, the partners' verbal estimates of their carrier 
risk was greater than that of the relative's estimate (t = 2.10, 
P < 0.05). 

At the 6-month follow up relatives and their partners were 
asked to give a verbal estimate of their children's risk for being 
a CF gene mutation carrier or for being clinically affected with 
CF. Participants were asked to rate this risk on a five point scale 
ranging from extremely high1 to extremely l0w.5 As shown in 
Figure 1, participants estimated that their children's risk for 
being clinically affected with CF was "low" (3.7-4.0 on a 5 
point scale), whereas their risk for being a carrier was "medi- 
um" (3) to "high" (2). These risk estimates suggest that partic- 
ipants understood that although their children's risk for being 
clinically affect was low, it was not zero, and that their chil- 
dren's risk for inheriting a CF gene mutation from their carrier 
parent was increased. There were no significant differences be- 
tween the relatives' and partners' responses on these questions. 

Reproductive Plans 

Relatives and partners were asked about their reproductive 
plans at the 6-month follow up. More than 80% of couples 
were in agreement about their reproductive plans. In 48% of 
couples, both members of the couple stated that they did not 
plan on having a child in the future. 26% of couples were plan- 
ning a child, and 7.4% of couples were not sure about their 
plans. Data are summarized in Table 5. 

Relatives were also asked about their reproductive plans 
when they entered the study, prior to testing. We compared the 
responses of the relatives prior to testing with their responses 
after learning their test results and their partner's test results. 
The results are shown in Table 6. Approximately 89% of the 
relatives showed no change in reproductive plans after testing. 
At the 6-month follow up, 2.1% of the relatives who initially 
indicated that they were not planning additional children re- 
ported that they were planning additional children. Similarly, 
of relatives who initially reported that they did plan to have 
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Relatives (N=32) 

Partners ( N=32) 

Children Children 
Carrier Affected 

Fig. 1 Participants were asked to estimate the risk that children would be CF gene mutation 
extremely loxv ( 5 )  

Table 5 
Reproductive plans of relatives and partners" 

Partners 
( N  = 32) Relatives ( N  = 32) 

No Not Sure Yes 

No 48.0% 3.7% 0.0% 

Not sure 3.7% 7.4% 11.1% 

Yes 0.0% 0.0% 26.0% 

"Participants' responses to the question "Do you plan to have a child in the 
future?" 

Table 6 
Reproductive plans of relatives" 

Six months after 
partner results Baseline 

No 

Not sure 

Yes 

No Not sure Yes 

41.2% 0.0% 2.1% 

2.1% 8.3% 2.1% 

2.1% 2.1% 39.6% 

"Relatives' response to the question, "Do you plan to have a child in the fu- 
ture?" upon entering the study (baseline) and 6 months after receiving the 
partners' test results. 

children in the future, 2.1% reported that they did not plan 
additional children and 2.1% were not sure about future chil- 
dren. 

CONCLUSIONS 

In our population of 52 nonpregnant CF carriers (all of 
whom had a positive family history of CF) and their partners, 
CF carrier testing was not associated with any significant in- 
crease in negative affect or anxiety. There was a slight increase 
in anxiety in both relatives and partners while waiting for the 
results of the partners' carrier testing, but within the range that 
is considered normal for the general population. By the 

carrier or  clinically affected with CF on a 5 point scale ranging from extremely high ( I )  to 

6-month follow up, there was a significant decrease in anxiety 
scores for both groups. These findings are similar to published 
reports that suggest that in the general population, CF carrier 
testing was associated with a short term increase in anxiety, but 
no long term negative psychological effects.' 

Although none of the partners had genetic counseling prior 
to testing, and few couples returned for genetic counseling 
after the partner's testing was completed, the majority of our 
participants could provide an accurate estimate of their chil- 
dren's risk for being a CF gene mutation carrier or for being 
clinically affected with CF. For the partners, information about 
CF and CF carrier testing was transmitted via their partner who 
was either educated in clinic (N  = 19) or by a specially de- 
signed educational brochure at home (N = 38). This suggests 
that pretest education of the relatives either in clinic or by the 
brochure was sufficient in providing information about CF 
carrier testing that the relative could accurately relay to his or 
her partner. Specifically, our participants seemed to under- 
stand that the child of a known CF gene mutation carrier has an 
increased risk for being a carrier and that for a couple in which 
one partner is a known CF gene mutation carrier and the other 
has a negative mutation screen, the risk for having a child clin- 
ically affected with CF is low. 

Approximately 89% of relatives reported no change in their 
reproductive plans after testing. More than 80% of the couples 
agreed on their future reproductive plans, and 26% of couples 
intend to have children in the future. In only 11% of couples 
did one or both partners report that they were unsure about 
their future reproductive plans. It seems, therefore, that for our 
sample of carrier by "noncarrier" couples, CF carrier testing 
was not associated with significant reproductive uncertainty. 

This study had several limitations when considering appli- 
cation to nonresearch situations. All education and testing was 
performed at no charge, and subjects had assurance of the con- 
fidentiality of their test results. Furthermore, the study proto- 
col excluded pregnant individuals. In a clinical setting where 
individuals or couples are seeking testing motivated by their 
own desire to learn their carrier status and reproductive risk, it 



CF Carrier Testing in a High Risk Population 

is likely that a higher proportion of partners of identified car- 
riers would seek testing. It is also possible that testing per- 
formed in the context of a pregnancy may be associated with 
more significant anxiety. 

We did not anticipate that that so few participants would 
return for follow up genetic counseling upon learning their 
carrier status. For most subjects in the Home Screen group, 
therefore, all education and testing was performed without any 
direct contact with a genetic counselor. Although this seemed 
adequate in terms of transmitting basic knowledge and risk 
information in this research setting, in a clinical setting, where 
individuals seek counseling and testing on their own accord, 
especially in the context of a pregnancy, it will be important to 
ensure the availability of follow up genetic counseling for iden- 
tified carriers and their partners. 

Our study focused on education, counseling, and testing for 
nonpregnant individuals with a positive family history of CF. 
Our results suggest that in this population, pretest education 
can be accomplished effectively with written materials. The 
NIH CF Consensus panel has recommended that in addition 
to offering CF carrier testing to any individual with a positive 
family history of CF, testing be offered to all couples contem- 
plating a pregnancy and all couples seelung prenatal testing. It 
is likely that many of these individuals will have little or no 
prior experience with CF and will, therefore, have somewhat 
different informational needs prior to and after testing. None- 

theless, our experience with testing in this population of indi- 
viduals at increased risk for CF suggests that couples in which 
one partner is identified as a carrier and the other partner has a 
negative mutation screen are, for the most part, able to com- 
prehend the limitations of the testing and draw appropriate 
conclusions regarding the genetic implications of their test re- 
sults. 
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