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It has been 23 years since the discovery of the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene in 1989, which 
made carrier screening for cystic fibrosis (CF) possible.1 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 func-
tion in the epithelial cells of the lungs, pancreas, liver, sweat ducts, 
male reproductive tract, and digestive tract.2 More than 1,900 
gene alterations have been identified, with p.F508del being the 
most frequently occurring mutation in the Northern European 
population, accounting for ~70% of all mutations present.2

Chronic suppurative lung disease is the most severe feature 
of CF and is largely responsible for the reduced life expectancy. 
There is currently no cure for CF, and the median survival time 
is 37 years.3 Treatment involves daily chest physiotherapy, reg-
ular antibiotics, pancreatic enzyme replacement, vitamin and 
salt replacement, and a controlled diet.4 Lung transplantation 
is possible, although the 6-year survival rate after transplan-
tation is 50%.2 Diagnosis of CF by newborn screening (NBS) 
is routine in many European countries, as well as the United 
States, Australia, and New Zealand.5 Parents of children diag-
nosed with CF through NBS are identified as carrier couples. 
In Victoria, Australia, most carrier couples identified through 
NBS in 1990–1995 had no further children or used prenatal 
diagnosis for subsequent pregnancies.6

Carrier couples may also be identified through population-
based CF carrier screening, the aim of which is to offer test-
ing to as many individuals as possible regardless of family 

history. In the United States, guidelines recommend that CF 
carrier screening be offered to all pregnant women and couples 
 planning a pregnancy.7 In Australia there have been similar rec-
ommendations.8 In the United Kingdom, Canada, and France, 
population-based CF carrier screening is not currently recom-
mended and is generally offered only to those who have a fam-
ily history of CF and to partners of individuals with CF. The UK 
National Screening Committee is currently reviewing its policy 
on screening for CF carrier status during pregnancy.9

Some major issues regarding implementation of routine 
CF carrier screening in the general population include the 
 following: accessibility; how best to provide education and 
counseling; perceived relevance in the absence of a family 
 history; carrier detection rate, including residual risk due to the 
fact that screening is less than 100% sensitive; and the psycho-
logical 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 past 23 years.

MATERIALS AND METHODS
Search strategy
The following electronic databases were searched (latest search 
date: 31 October 2012): Medline (Medical Literature Analysis 
and Retrieval System Online; 1950–present), Embase (Excerpta 
Medica Database; 1980–present), CINAHL (Cumulative Index 
to Nursing and Allied Health Literature), PsychINFO, and the 
Cochrane Library. A detailed search strategy for each database 
is available from the authors upon request.

Cystic fibrosis is the most common severe autosomal recessive dis-
ease, with a prevalence of 1 in 2,500–3,500 live births and a carrier 
frequency of 1 in 25 among Northern Europeans. Population-based 
carrier screening for cystic fibrosis has been possible since CFTR, the 
disease-causing gene, was identified in 1989. This review provides a 
systematic evaluation of the literature from the past 23 years on pop-
ulation-based carrier screening for cystic fibrosis, focusing on the fol-
lowing: 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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Search terms were key words and relevant medical subject 
headings for CF, genetic carrier testing, or screening. Search 
terms, combined with the term “cystic fibrosis,” were the follow-
ing: carrier testing, heterozygote detection, screening, genetic 
research, medical genetics, population genetics, pregnancy, 
prenatal diagnosis, preconception care, behavior, psychological 
processes, attitude to health, genetic counseling, and genetic risk. 
Reference lists of identified studies 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 was peer-reviewed original research in 
which participants were offered CF carrier screening or were 
asked to consider a hypothetical offer of screening, or their 
views on CF carrier screening were sought.

The areas reviewed were the following:

1. Attitudes to screening: studies assessing attitudes of par-
ticipants/potential participants, formally or informally, 
toward 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: stud-
ies determining barriers and facilitators with regard to 
undergoing CF carrier screening.

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

6. Outcomes and follow-up of screening for CF carrier sta-
tus: studies reporting outcomes of screening in terms of 
recalling/understanding carrier status, screening of part-
ner, current/future reproductive behavior, and dissemina-
tion of information to family members.

7. Psychological factors: studies exploring psychological 
effects on participants involved in screening for CF car-
rier 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, commen-
taries, and reviews, were excluded from the review. Studies in 
which diagnostic testing such as NBS, as opposed to carrier test-
ing, 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 (B.J.M., L.I., and L.F.) independently assessed 
the studies based on both title and abstracts for inclusion or 

exclusion according to the criteria outlined above. Another 
reviewer (S.A.M.) was available to resolve any potential 
differences.

Data extraction
Data collected from the studies included name of first author, 
year, title, country, aim/hypothesis of study, participant charac-
teristics, study design, sample size, measures used, key results, 
and conclusions.

Data analysis
Analysis of categorical variables was undertaken using χ2 analy-
ses. A P value <0.05 was considered statistically significant. 
Meta-analysis was not possible due to the heterogeneity of the 
studies.

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

All the studies were published after 1989: 31 (37%) were 
from the United Kingdom, 21 (25%) were from the United 
States, and eight (9%) were from Australia. Sixty-four (75%) 
articles involved actually offering CF screening, with 34 
(40%) focusing on prenatal screening and 26 (31%) on pre-
conception screening. The remaining 25 (29%) offered CF 
screening to the general population regardless of pregnancy 
status (Table 1). Due to the heterogeneity of the samples in 
the studies, this review will use the term “target population” 
as a collective term to refer to the participants included in 
each study. These participants may be couples and individ-
uals being offered screening (or asked to consider a hypo-
thetical offer of screening) in a prenatal setting (or before 
conception) or may be members of the general population 
including settings such as high schools or colleges. The vari-
ous settings for each study are described in further detail in 
the Supplementary Material online.

During data extraction, the studies were coded into the seven 
areas of interest, with some covering multiple areas (Table 2). 
The number of papers was spread relatively evenly across these 
areas. The highest number of articles (n = 40) reported “uptake” 
(47%), and the least number of studies (n = 17) evaluated “how 
to offer” screening (20%).

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 (χ2 = 24.79, 
P < 0.01); outcomes and follow-up of screening (χ2 = 15.77, P < 
0.01); and psychological factors associated with screening (χ2 = 
10.35, P < 0.01).

Please refer to the Supplementary Material online for 
information on each of the studies included in the review. 
The Supplementary Material provided includes the follow-
ing: first author; year; country where the study was conducted; 
the setting in which testing was offered; study design; whether 
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testing was offered or hypothetical; and uptake rates of testing, 
if measured.

Attitudes toward cF carrier screening
Assessing attitudes of the target population toward population-
based CF carrier screening 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,10–16 
and 80–96% felt it should be routinely offered.17–19 However, 
some reservations were reported about the  widespread offer of 
screening and its perceived systematic implementation by gov-
ernments.10,14 The best time to offer screening was believed to be 
to individuals of reproductive age, before pregnancy, or when 
planning a pregnancy.10–12,20 The general population believed 
results of screening would influence their reproductive deci-
sions.10,21,22 Interest in screening was high, with 54–80% of the 
general population showing interested,19,22–24 although interest 
differed depending on life stage, with those of reproductive age 
showing more interest than those who had finished or were yet 
to start their families.19,24,25

Population-based CF carrier screening can be implemented 
at various life stages, including the neonatal stage, high school 
and college age, reproductive age, when planning a family, or 
during the early stages of pregnancy. The majority of stud-
ies in which attitudes were measured showed that individuals 
of high school and college age had positive attitudes toward 

Figure 1 Search strategy used in the review.

Search strategy
31 October 2012

CINAHL

n = 1,490

Medline
(1950–present)

n = 5,179

Embase
(1980–present)

n = 8,599

Cochrane Library

n = 278

PsychINFO

n = 436

Total
n = 15,982

Excluded
n = 14,367

- Non-English 
- No data

- Lab-based

Duplicates removed
n = 14,761

Included
n = 394

Population 
screening
n = 169

Excluded
n = 84

- Not area of interest*

*Note: “Not area of interest” refers to the exclusion of a study as it did not report areas of interest as outlined
under inclusion criteria in the methodology section.

Included
n = 85

Excluded
n = 225

- Newborn screening
- Cascade testing

Table 1 Demographic characteristics of articles included 
in the review

Demographic category N %

Year (n = 85) 1989 2 2.4

1990–99 59 69.4

2000–09 20 23.5

2010–2012 4 4.7

Country (n = 85) United Kingdom 31 36.5

United States 21 24.7

Netherlands 10 11.8

Australia 8 9.4

Other 15 17.6

Screening (n = 85) Offered 64 75.3

Not offered 21 24.7

Setting (n = 85) Prenatal 34 40.0

Preconception 26 30.6

General population 25 29.4

Method of data 
collection (n = 85)

Quantitative 59 69.4

Qualitative 7 8.2

Mixed 13 15.3

Program evaluation 6 7.1
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screening for CF,19,26–28 with 86–96% believing such screening 
should be available19,28,29 and 40–59% stating that the best time 
to offer screening is before pregnancy.27,28 However, most stud-
ies showed that the majority of those questioned did not want 
to have screening while at school.19,24,27

Nonpregnant women and couples planning a pregnancy had 
positive attitudes,30–34 with 69–89% believing that CF carrier 
screening should be routinely offered to all couples planning a 
pregnancy.30,32–34 Pregnant women had similar attitudes toward 
screening.35–39 Ninety-eight percent of pregnant women believed 
that the best time to offer screening is before pregnancy.23 
Nevertheless, 69% indicated they would accept an offer of screen-
ing during pregnancy, and 67% said they would utilize prenatal 
diagnosis.23 Attitudes of pregnant women toward screening have 
been shown to be influenced by perceived susceptibility, in addi-
tion to barriers to and benefits of screening, with barriers having 
the most negative impact on attitudes.40

How to offer cF carrier screening
Determining the most effective approach to both providing 
information and offering screening is essential to ensure maxi-
mum opportunity for participation and informed decision 
making.

Between 50 and 94% of the target population preferred to 
receive an offer of CF carrier screening, pretest information, 
and counseling from a general practitioner.12,15,24,37,41 A con-
sultation with a general practitioner resulted in higher uptake 
of screening: 25% uptake in couples planning a pregnancy, as 
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 per-
son rather than receiving the offer via a letter or brochure.42,43 
How information is provided has been explored, with 77–96% 
reporting brochures/information leaflets as useful.14,21,41,44,45 The 
main information that potential participants wanted to receive 
was information about CF and screening, in particular, the risk 
of being a carrier and having a child with CF.46

Written and audiovisual information were found to be 
equally effective.47 There was no difference in knowledge for 
those who received pretest information from an interactive 
computer program as compared with those attending a genetic 
counseling session.48 However, one study showed that present-
ing a videotape in addition to a leaflet resulted in significantly 
higher knowledge than when only a leaflet was provided.39

Uptake of cF carrier screening
Uptake was reported as the percentage of individuals/couples 
who accepted an offer of CF carrier screening of the total num-
ber of individuals/couples offered. Uptake ranged from 46 to 
99.8% in the prenatal setting, 2–96% in the preconception set-
ting, and 8–17% in the general population (Table 3).

Uptake was higher in women as compared with that in 
men,49,50 and the screening approach—whether couples were 
screened as a unit (couple screening) or individually (stepwise 
screening)—did not influence uptake.51,52

Factors influencing decisions about cF 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.43,53–55 Life stage was also shown to be important in 
decisions about screening, with studies showing lower inter-
est from preconceptional individuals as compared with those 
already pregnant.14,15 Although a study exploring the decision-
making process of pregnant women regarding an offer of 
screening concluded that pregnancy is not the best time for 
informed decision making, pregnancy had a powerful influ-
ence on the decision-making process.56

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’ feelings 
that they could not refuse the offer; individuals’ feelings that 
they would regret not undergoing screening; perceived impor-
tance of the test; perceived positive consequences; perceived 
fewer barriers; and perceived less difficulty in informing rela-
tives.30,57,58 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.15,31,59

Knowledge of cF and genetic screening
Evaluating knowledge of CF and CF carrier screening can 
assess individuals’/couples’ informed decision making in the 
context of accepting or declining such an offer. Knowledge 
has been tested at various points during the screen-
ing process: before receiving information, after receiving 

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

category
No. of articles, 

n (%) References

Attitudes 31 (36.5) 14–44

How to offer 17 (20.0) 16,18,19,25,28,37,38,41,43,45–52

Uptake 40 (47.1) 25,35–40,43,45,46,53–55,59,61,67, 
70–72,74,75,77–80,84,85,99–101

Influencing 
factors

37 (43.5) 18–20,24,31,34–40,53–55,59,61,62, 
64,65,71,72,77,84,85,101–104

Knowledge 25 (29.4) 20,24,25,31,36,46,52,66–68,73–76, 
80,84,101

Outcomes/
follow-up of 
screening

40 (47.1) 24,27,40,43,45,46,53–55,68,70, 
71,73–76,78–81,83–88,90,99–101

Psychological 
factors

23 (27.1) 24,38,43,46,53,54,68,70,71,73,74,7
8,84,86,87,91
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information, and after receiving test results. Testing knowl-
edge before 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 is 
low,10,12,21,22,24,28,29,60,61 with gender and education significantly 
influencing knowledge level:12,47,62 well-educated women had 
higher knowledge scores. Secondary and tertiary students 
tended to have a higher level of knowledge as compared with 

those in the general population.27–29,63 In general, the stud-
ies showed that participants were unaware that CF is an 
inherited condition,12,21,24,57 did not know that CF affected the 
lungs,10,12,61 were unaware that the majority of carriers do not 
have a family history of CF,16,21,61 and thought carriers had 
symptoms of the disease.61 Knowledge levels increased after 
receiving information on CF and screening.28,29,58,60,62 One 
study found that those who declined screening had a lower 
level of knowledge than those who accepted.32

Evaluation of knowledge after receiving the test result has 
shown that carriers of CF had a higher level of knowledge as 
compared with noncarriers.20,42,58,64 Knowledge decreased with 
the time elapsed since the test,64 although this may be the case 
only for noncarriers, with no decrease in knowledge observed 
for carriers 3 months after testing.58

The majority of those screened did not understand the con-
cept of residual risk for future pregnancies, believing that a 
negative test result meant they had no chance of having a child 
with CF.48,63–68 Although the majority of noncarriers under-
stood the meaning of their carrier status, some believed that 
they were definitely not a carrier,20,42,47,50,52,53,57,69–74 and some car-
riers believed they had no risk of having a child with CF due to 
their partner’s negative test result.58,74 The confusion regarding 
residual risk may have implications for a carrier if he or she is to 
change partners in the future.

Outcomes and follow-up of screening for cF carrier status
Studies involving the follow-up of CF carrier screening were 
undertaken at various time points ranging from 2 weeks 
to 3 years after testing; these explored recollection and 

Table 3 Uptake of screening for CF carrier status 
 according to country and setting

country Setting
Uptake 

(%) References

United 
Kingdom

Prenatal 62–99 40,48,60,70,77,78,84,99

Preconception 20–31 57,85

General 
population

~17 46,69

United States Prenatal 46–78 43,53,71,80,100

Preconception <2 35,72

Germany Prenatal 99.8 42

Denmark Prenatal 89 63

Canada Preconceptiona 40 56,58

Australia Preconceptiona 42–75 54,55

General 
population

4–8 54,55

aHigh school setting.

CF, cystic fibrosis.

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

Decision Factors influencing decision Prenatal (Ref.) Preconception (Ref.) General population (Ref.)

Accept Perceived severity of disease 24,62,104

Avoid having an affected child 39,40,48,49,53,61,71,101 15,37

Want to know carrier status 39,49,84,101 15,36,54 28,64

Doctor’s recommendation 53 18,24,102

High perceived susceptibility 39,53 24,104

To be prepared 39,61

Reassurance 39,40,61,71,101

Willingness to have all tests offered 40,84

Decline Low perceived susceptibility 39,40,53,71,105

Lack of family history 20,65,77 18,64,85

Lack of intention to terminate a pregnancy 40,48,53,60,71,105

Opposed to prenatal diagnosis 42,65

No further reproductive plans 64,85

Lack of time 36–38 85

Partner’s opinion 40,105

Anxiety 39,53 31

Cost of test 39,65 19,72

Lack of interest at this life stage 19

CF, cystic fibrosis.
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understanding of carrier status, testing of partners, impact on 
current and future reproductive plans, and the dissemination of 
information to other family members. The majority of carriers 
and noncarriers correctly recalled their carrier status,47,52,64,71,74,75 
with carriers more frequently recalling their carrier status as 
compared with noncarriers.20,53,67,73,76 Nevertheless, some carri-
ers believed they were only likely to be carriers of CF.42,50,53,64,73

Individual carrier status did not affect reproductive inten-
tions or behaviors, with carriers not altering their reproductive 
plans after receiving a positive test result.65–67,71,73,76–78 Screening 
of partners of carriers to determine risk of having a child with 
CF had an uptake of 61–100%,20,36,52,74,78–83 with reasons for part-
ners not being tested being as follows: anxiety about result; 
would be tested when planning to start a family; would not alter 
reproductive plans; and had no further reproductive plans.74,78 
When participants were asked to consider their reproductive 
intentions if they were found to be a carrier couple, the major-
ity stated that they would not have (more) children,10,71 would 
utilize prenatal diagnosis in future pregnancies,10,52,71 were 
unsure, or would not terminate an affected fetus.23,52,57 In actu-
ality, 80–100% of the carrier couples identified utilized prenatal 
diagnosis,38,39,41,51,60,66,75,78–80,82,84,85 and the majority terminated an 
affected fetus.38,51,60,66,75,79,80,82,84 Only one study reported the con-
tinuation of an affected pregnancy, with the carrier couple hav-
ing twins who were both identified as being affected.39

The dissemination of information from carriers to other 
family members about increased risk is often evaluated when 
exploring the outcomes of screening. The majority of carriers 
reported informing relatives of their carrier status,20,58,63,65,67,74,81 
most frequently telling parents and siblings.74,81,86

Psychological factors associated with screening for cF 
carrier status
Concerns have been raised over the potential psychological 
harm of population screening for CF carrier status. Although 
there was an increase in anxiety on receiving a positive test 
result,42,50,67,74,79,83 this dissipated once partners were tested and 
found to be negative,65,79,83 following genetic counseling,71,78 or 
after a period of 3–6 months.42,50,71 Anxiety appears to be tran-
sient among carriers, with little to no anxiety present at 6–12 
months or more after testing.65,74,78

There was no significant difference in anxiety between car-
riers and noncarriers37,39,73,78,84 and between those who were 
screened and those not screened.85 In the majority of stud-
ies, anxiety level was measured using the State Trait Anxiety 
Inventory, General Health Questionnaire, Miller Behavioral 
Style Scale, and/or the Tolerance for Ambiguity Scale.

On receiving test results, the majority of those screened 
were reassured, whereas some were slightly apprehensive.45 
Most carriers expressed feelings of surprise, shock, and worry 
on receiving their positive test result,57,71,81 whereas some 
expressed negative feelings and troubling thoughts.87 All indi-
viduals who had carrier screening attributed negative feelings 
to being a carrier, whereas carriers attributed positive feelings 
to themselves but negative feelings to other carriers.64 A study 

involving secondary school students showed a marked increase 
in uncertainty regarding feelings of concern and self-esteem 
after receipt of test results.28 Some studies showed that carriers 
perceived their current health to be poorer than that of noncar-
riers,73,76 although other studies showed no difference between 
carriers and noncarriers for past, present, and future perception 
of health.67,84 Despite these reports, 83–97% of those screened, 
including carriers, felt that they made the right decision and 
would make the same decision again,20,34,69,78 with only 2–12% 
stating that they were unsure or regretted their decision to have 
screening.66,78

DIScUSSION
The available studies of population-based screening for CF car-
rier 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 the following for the majority of studies: positive 
attitudes toward 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 psy-
chological harm. Understanding of residual risk was poor in 
many of the studies evaluated in this review.

These studies are heterogeneous in a number of ways, includ-
ing the setting in which screening was offered; populations who 
were offered screening; the cost of the test; how testing was 
offered; pretest counseling; pretest information; disclosure of 
test results; and posttest counseling. In addition, a number of 
the studies involved hypothetical screening; therefore, although 
the results are still important in determining predicted attitudes 
and behaviors toward screening, these might change on receipt 
of an actual offer of screening. Although there is some difficulty 
in comparing these studies, a great deal can still be learned.

The discovery of the CFTR gene in 1989, enabling CF car-
rier screening to take place, sparked a rise in research, with the 
majority of studies included in the review being published in 
the 1990s. The largest number of studies was conducted in the 
United States, in line with recommendations for the routine 
offer of CF carrier screening in that country. However, since 
the implementation of these recommendations, there has been 
limited evaluation. Fewer studies were based in the United 
Kingdom, which is currently reviewing its advice not to rec-
ommend routine screening. These UK studies often reported 
psychological factors in response to a policy recommendation 
to gather further data on the psychological consequences of 
carrier detection.88

Uptake rates are an important evaluation tool of screening 
programs. However, in a number of the studies included in this 
review, the uptake rate could not be reported because the over-
all number of individuals or couples who were offered screen-
ing was not recorded. Generally, uptake of CF carrier screen-
ing was higher in those who were pregnant at the time of offer 
as compared with those who were not pregnant or the general 
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population. Screening was perceived as more relevant during 
pregnancy, with some nonpregnant individuals of reproduc-
tive age stating that they would not accept screening at this life 
stage.14,15,27

When determining attitudes and opinions toward the offer 
of screening, most studies showed that potential participants 
would like to receive an offer of screening, in addition to pretest 
information and counseling from their general practitioner or 
primary health-care provider, 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. Although this review does not 
report on the attitudes of health professionals toward CF car-
rier screening, studies have shown that they perceived various 
practical barriers to the offer of screening. Health profession-
als 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 number of studies that have 
shown that a doctor’s recommendation is an influencing factor 
in accepting screening.14,20,55,85

Potential participants believed that the best time to have 
CF carrier screening is before pregnancy because identifica-
tion of carrier couples preconceptionally provides the most 
reproductive options, in addition to giving couples more time 
to make reproductive decisions, as compared with prenatal 
screening. Although this may be the most advantageous time 
to be screened, preconception screening was associated with 
lower uptake than prenatal screening due to lack of interest 
at this life stage; lack of preconception health-care settings in 
which to offer screening; and a large number of unplanned 
pregnancies.18 Offering CF carrier screening in high school has 
been proposed because it can reach a large proportion of the 
population.89 High uptake has been associated with screening 
in Jewish high schools, with 98% of Jewish high school stu-
dents accepting an offer of carrier screening for a number of 
conditions, including CF.90 The delay in the use of informa-
tion obtained from CF carrier screening in high school is 
the main criticism of this approach; 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.”91 However, research has indicated 
that adolescents screened recalled their positive carrier status, 
had their partners tested, and used this information to make 
future reproductive decisions.92 Despite concerns that adoles-
cents identified as carriers of CF would face stigmatization and 
discrimination from peers, research has shown that adolescent 
carriers have few negative psychological effects as a result of 
knowing their carrier status.92

The majority of studies reported that willingness to accept 
an offer of screening was associated with wanting to know car-
rier 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, lack of 
intention to 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 screen-
ing. Therefore, the majority of factors mentioned are perceived 
to influence the decision for hypothetical screening but may 
or may not actually influence decisions when individuals are 
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 among the influencing factors. For exam-
ple, 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 of CF.93

Henneman et al32 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 before screen-
ing but to improve thereafter. A potential reason for this increase 
may be the perceived relevance of that information, particularly 
if the individual is found to be a carrier. Provision of posttest 
counseling is also likely to improve knowledge, with carriers usu-
ally receiving more follow-up than noncarriers.20

Lack of knowledge/understanding of residual risk has been 
one of the major issues to arise from this review. Although car-
rier screening for most diseases has a test sensitivity of nearly 
100%, CF carrier screening has a test sensitivity of approxi-
mately 80% among Northern Europeans when screening for 23 
CFTR mutations, each with a frequency equal to or greater than 
0.1% in the CF population.2 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 among noncarriers and carriers with a noncarrier 
partner, with some of these individuals believing they have no 
risk of having a child with CF.

Approximately 70% of the target population in the United 
Kingdom, the United States, and the Netherlands stated that the 
results of screening for CF carrier status would influence their 
reproductive behavior.15,22,33 However, the review showed that 
the majority of carriers would not change their reproductive 
behavior 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 uti-
lizing prenatal diagnosis and terminating an affected fetus. NBS 
also identifies parents as carrier couples and provides reproduc-
tive options for future pregnancies. In Australia, 67% of parents 
identified as carriers through NBS chose to use prenatal diag-
nosis when having more children. The implementation of car-
rier screening has been shown to be associated with a reduction 
in the incidence of CF, as judged by the number of infants with 
CF identified by NBS in both Massachusetts (United States) and 
northern Italy since 1999 and 1993, respectively94,95 However, 
there has been no reduction in the incidence of CF in Colorado, 
where screening for CF began in 1982.96
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The dissemination of information by carriers to family 
members is important because they are at increased risk of 
being carriers of CF. This is particularly relevant if they are 
planning a pregnancy but is less so if they are not of repro-
ductive age, do not have a partner, or have finished repro-
ducing.20 Although most carriers stated that they informed 
family members of their carrier status, a study by McClaren 
et al97 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 because of screening has been pro-
posed as a barrier to the implementation of population-based 
CF carrier screening. Although there have been various stud-
ies 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 
little evidence of long-term psychological harm, with the provi-
sion of counseling. This is supported by Henneman et al,98 who 
reported that the potential psychological harms associated with 
population-based CF carrier screening are insufficient to war-
rant the refusal to offer carrier screening to the general popula-
tion in the Netherlands.

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

Despite the considerable heterogeneity among the included 
studies, there is now a substantial body of evidence collected to 
inform programs. Needed now are large-scale studies of “rou-
tine” screening to evaluate—in a real-world setting—the per-
ceived benefits, harms, barriers, motivators, and behaviors that 
have been identified in the literature so far.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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