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AbSTrACT
background Preconception carrier screening (PcS) 
provides the potential to empower couples to make 
reproductive choices before having an affected child. an 
important question is what factors influence the decision 
to use or not use PcS.
Methods We analysed the relationship between 
knowledge, attitudes and intentions to participate in PcS 
using logistic regression in 832 participants in Western 
australia.
results two-thirds of participants said they would take 
the test, with 92% of these supporting screening for 
diseases reducing the lifespan of children and infants. 
those who had good genetic knowledge were seven 
times more likely to intend to use PcS (p≤0.001), while 
those with high genetic knowledge were four times more 
likely to (p=0.002) and raised concerns such as insurance 
and confidentiality. Decreasing genetic knowledge 
correlated positively with religiosity and apprehension 
(p≤0.001), which correlated negatively with intention 
to use PcS (p≤0.001). increasing genetic knowledge 
correlated positively with factors representing positive 
attitudes (p≤0.001), which correlated positively with 
intention to use PcS (p≤0.001). Many participants 
with good genetic knowledge nevertheless answered 
questions that tested understanding incorrectly. 80% of 
participants stated they would prefer to access the test 
through their general practitioners and 30% would pay 
up to $a200.
Conclusions Knowledge is instrumental in influencing 
participation. Having good genetic knowledge may 
not be enough to understand core concepts of PcS 
and may impact informed decision-making. this study 
recommends that continuous education of health 
professionals and thus the community, in PcS is crucial 
to reduce misconceptions.

InTroduCTIon
Autosomal recessive diseases are genetic diseases 
that arise when both parents in a couple are carriers 
of the same recessive disease. In this situation, the 
couple have a 1-in-4 risk of an affected child in 
each pregnancy. Since carriers of recessive diseases 
are usually unaffected, children with recessive 
diseases are most often born into families with no 
history of the disease.1 The risk of having a child 
with these severe recessive diseases is higher than2 
or equal1 to the birth prevalence of children with 
Down syndrome.3 Genetic disease is responsible 

for a significant proportion of infant morbidity 
and mortality4 and the burden of genetic disease on 
patients, families and society in terms of suffering 
and cost is large. For example, Walker et al inves-
tigated 437 rare diseases defined by orpha codes 
and demonstrated that these diseases affected 2% 
of the population in Western Australia; however, 
accounted for 9.9% of hospitalisations and 10.5% 
of hospitalisation costs, at AUD 395m a year.5

Preconception carrier screening (PCS) aims, 
according to the European Society of Human 
Genetics Public and Professional Policy Committee, 
'to facilitate informed reproductive decision making 
by identifying those couples at risk of having an 
affected child with an (autosomal or X linked) reces-
sive disorder’.6 PCS programmes have historically 
been for severe recessive diseases in high-risk popu-
lations, such as Tay-Sachs disease (TSD (OMIM 
#272800)) in the Ashkenazi-Jewish community,7 
or thalassaemia in Mediterranean countries.8 These 
programmes reduced the birth prevalence of TSD 
by over 90%7 in the Ashkenazi community and of 
thalassaemia, in Sardinia, for example, from 1:250 
to 1:4000.8 However, recommendations have 
been in place for some time for carrier screening 
of selected recessive genetic diseases in the general 
population. For example, the American College of 
Medical Genetics recommended carrier screening 
for cystic fibrosis (CF (MIM 219700)) to all couples 
regardless of ethnicity in 20019 and for spinal 
muscular atrophy (SMA (MIM 253300)) in 2008.10

It has been deduced and now shown experimen-
tally that everyone is a carrier of two to eight severe 
recessive lethal mutations.11 12 Therefore, screening 
for multiple recessive diseases through expanded 
carrier screening has the potential to identify more 
couples at risk of an affected pregnancy.13 Haque et 
al in 2016 modelled an expanded panel of around 
100 genes covering multiple recessive diseases and 
demonstrated it could detect carrier status for many 
more severe conditions than screening based on the 
guidelines then in place.14

In 2017, the American College of Obstetricians 
and Gynecologists recommended that all patients 
should be offered PCS, according to their values, 
including expanded carrier screening for multiple 
genetic disorders.15 Currently, Israel performs one 
of the most comprehensive pan-ethnic popula-
tion-wide PCS programmes, screening >60 000 
citizens annually for an expanded list of diseases.16

 on 1 A
ugust 2018 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2018-105362 on 1 A
ugust 2018. D

ow
nloaded from

 

http://jmg.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/jmedgenet-2018-105362&domain=pdf&date_stamp=2018-08-01
http://jmg.bmj.com/


2 Ong R, et al. J Med Genet 2018;0:1–9. doi:10.1136/jmedgenet-2018-105362

Screening

In Western Australia, the largest ethnic population, at 62%, 
is of European descent, with therefore the same carrier risks 
as other European countries. There is however an increasing 
proportion of individuals of African, Asian and Middle Eastern 
descent with higher frequencies of some recessive diseases such 
as thalassaemia and higher rates of consanguinity than in the 
general population. This demography is similar to the rest of 
Australia.17 There is no population-based PCS programme avail-
able in Western Australia currently, the only screening avail-
able through the public health system is cascade screening in 
families of individuals affected by a genetic disease. Screening 
from commercial entities is available but not subsidised by the 
healthcare system.18 Reproductive options available to at-risk 
Australian couples include using assisted reproductive technol-
ogies such as in vitro fertilisation (IVF) with preimplantation 
diagnostic genetic diagnosis.19 However, the cost per IVF cycle 
in Australia is complex with partial subsidy from Medicare and 
some private health insurance cover, resulting in considerable 
out-of-pocket expenses.20 Prenatal diagnosis is also available 
for at-risk couples and is fully subsidised by Medicare. Other 
options for at-risk couples include adoption, foregoing having 
children or not intervening in pregnancies.21

Increasing interest in providing PCS to the general popula-
tion has led to multiple investigations into various aspects of 
carrier screening such as the opinions of target patient groups in 
various countries,2 22–24 or to the use of publicly available data-
bases such as The Exome Aggregation Consortium (ExAC)25 and 
1000 Genomes26 to retrospectively determine carrier frequen-
cies of diseases of interest.14 27 28 However, previous studies have 
shown that the public’s willingness to use PCS is limited. Atti-
tudes towards PCS are multifaceted and influenced by a range of 
factors including lack of knowledge, feelings of vulnerability and 
concerns regarding the impact of the test.2 22 23 28 These inter-
national studies explored various factors such as preferences, 
familiarity and perceived benefits or risk. Previous research in 
Australia has included obstetricians29 or qualitatively explored 
themes surrounding carrier screening.30

Since knowledge is known to be an important factor influencing 
a person’s intention to participate in a PCS programme,31 32 
we sought to explore baseline levels of genetic knowledge and 
awareness regarding PCS in Western Australia prior to the imple-
mentation of any public health information campaigns without 
specifying what PCS meant in the survey. We also aimed to 
investigate factors that might influence knowledge and attitudes 
to participation in any future PCS programme implemented in 
Western Australia.

MeThodS
Study design and participant recruitment
The study was a cross-sectional study of 832 adults who partic-
ipated in an online survey conducted by a third-party market 
research company over a 2-week period in March 2017. Eligi-
bility criteria were residing in Western Australia and being aged 
18 years or older. The survey took approximately 15 min to 
complete. A total of 24 530 individuals on four online panels of 
Western Australian residents were invited to participate through 
emails from the market research company.

As we wished to measure current baseline knowledge and 
attitudes towards PCS of the Western Australian community, no 
information on PCS was provided to the participants.

Measures
The questionnaire contained several existing scales measuring 
prior knowledge of PCS, genetic knowledge, attitudes towards 

PCS, intention to take a PCS test and follow-up considerations of 
PCS. Established scales included in this questionnaire were modi-
fied for this study to be specific to rare diseases. For example, 
the question ‘Will lead to discrimination of people with CF’33 
was modified to ‘Will lead to discrimination of people with rare 
diseases’.

Genetic knowledge and prior knowledge of PCS
Questions about genetic knowledge were obtained from three 
studies.34–36 A total of 21 questions were used to test participants’ 
level of genetic knowledge such as ‘Unaffected parents can have a 
child with an inherited disease’ and ‘A gene is part of a chromo-
some’ (table 1 and online supplementary table S1). Participants’ 
responses to the genetic questions were consistent, with an alpha 
score of 0.89. A Pearson's product-moment correlation was run 
to determine validity of the genetic questions tested. There was 
a strong positive correlation between all questions, which was 
statistically significant (p≤0.001). Individual results were strati-
fied into IQRs based on the total number of correctly answered 
genetic questions: high, good, some and low.

Attitudes towards PCS
Items such as ‘Should be made available for all couples plan-
ning a pregnancy’ and "I will be discriminated against if I am 
identified as a carrier" measured participants’ attitudes towards 
PCS and were obtained and modified from existing scales33 35 
and measured on a six-point Likert scale (1=strongly disagree; 
3=neither agree nor disagree; 5=strongly agree and 6=do not 
know or not applicable).

Principal factor analysis with varimax rotation, with an Eigen-
value >1.0 was used to identify possible underlying dimensions 
in the individual statements measuring attitudes. Values <0.4 
were suppressed and not displayed. Reliability analysis was also 
used to determine the homogeneity of each set of statements 
(Cronbach's α). To investigate how each factor was associated 
with intention to take the PCS test and genetic knowledge, state-
ments from each item in each factor were combined to create a 
mean score. All items in each factor were measured on the same 
scale. The 22 items used to measure various aspects of attitudes 
loaded onto four factors and explained 61% of the total variance 
in those items. Factor 1 to factor 4 explained 33.7%, 16.4%, 
6.1% and 4.8% of the variance, respectively (see online supple-
mentary table S2). Each factor was labelled to best reflect the 
items grouped in that factor and the main construct/s it was 
measuring. Factor 1 included 11 items measuring apprehension 
and religious beliefs (α=0.899). Factor 2 included five items 
measuring equity of access and feelings of empathy (α=0.848). 
Factor 3 included three items that measured feelings about indi-
viduals with a genetic disorder (α=0.848). Factor 4 consisted of 
three items measuring test-related concerns (α=0.784). All four 
factors were included in the overall model (see online supple-
mentary table S2).

Intention to take a PCS test
Intention to take a PCS test was measured using the existing 
item2 "If you are offered preconception carrier screening, would 
you accept the test?" on a three-point Likert scale (1=yes; 2=no 
and 3=unsure).

Follow-up considerations of PCS
Existing items such as "I will do the test if the diseases detected 
are very severe" and "I will do a preconception carrier-screening 
test if it costs me less than $50", which measured preferences 
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on the way the PCS test is offered,2 were included and were 
measured on a dichotomous scale (yes/no).

Confounders
Sociodemographic and other potential confounders were 
included in the online survey and comprised age, gender, loca-
tion of residence, education level, religiosity or spirituality, 
individual annual income, relationship status, parenthood expe-
rience and intention to be parents (see online supplementary 
table S3 and S4).

data analysis
Descriptive analysis was run to understand participants’ char-
acteristics. Chi-square tests of independence were used to 
examine the association between intention to take a PCS test 
and i) sociodemographic and other potential confounders; ii) 
prior knowledge about the screening programme and iii) genetic 
knowledge.

Multinomial logistic regression and ordinal logistic regression 
were used to identify factors associated with intention to take 
a PCS test and genetic knowledge and attitudes towards PCS. 
Sociodemographic variables that were significantly associated 
with intention to take the test were included in each logistic 
regression analysis.

reSulTS
Sociodemographic characteristics
A total of 832 participants completed the survey and 84.5% 
(n=719) were of reproductive age (defined as 18–44 years of 
age). There were approximately the same proportion of males 
and females. More than 36% had completed a university degree. 
At least 42% of participants had an annual income less than the 
Western Australian median income of $A52 504 per annum37; 
indicating that in regard to income, the respondents were a good 
representation of the Western Australian population. Almost half 
of the responders were not religious. Most participants (71.3%) 
were in a relationship, 49.9% were parents and 70.6% of partic-
ipants reported their intention to become parents (table 2).

Intention to take a PCS test and follow-up considerations
Accepting the test
Overall, 67.5% (n=562) of participants indicated that they 
would take the test if PCS was offered to them (table 2). Of 
these, 92.0% said they would take the test if the diseases 
screened affected the lifespan of children or infants and 78.8% 
said they would take the test if the diseases screened for were 
chronic and required them to be a full-time carer. Sixty per cent 
said they would take the test if the test screened for adult-onset 
diseases (table 3A). Of those participants willing to take the test, 
79.7% indicated that they would want to access the test through 

Table 1 Participants’ level of genetic knowledge and knowledge about concepts related to genetics and carrier screening (n=832)

level of genetic knowledge number of questions answered correctly n Percent (%) 

High 16–21 284 34.10 

Good 11-15 361 43.40 

Some 6-10 104 12.50 

Low 0–5 83 10.00 

Total 832 100 

Correct answer Incorrect answer

Genetic questions testing basic concepts (true/false/do not know)

Question 1. An individual with a genetic mutation for a recessive disorder is known as a carrier (true). 542 (65%) 290 (35%)

Question 2. A carrier of a genetic disorder carries a mutation for that disorder but does not have the disease (true). 548 (66%) 284 (34%)

Question 5. Individuals in certain ethnic groups have an increased risk of being carriers of certain abnormal genes (true). 609 (73%) 223 (27%)

Question 7. Healthy parents can have a child with an inherited disease (true). 658 (79%) 174 (21%)

Question 9. Half your genes come from your mother and half from your father (true). 518 (62%) 314 (38%)

Question 10. A gene is part of a chromosome (true). 505 (61%) 327 (39%)

Question 11. Genes are segments of DNA that encode information critical for development (true). 645 (78%) 187 (22%)

Question 12. Genetic mutations may either harm or have little to no effect on an organism (true). 542 (65%) 290 (35%)

Question 14. Some harmful genetic mutations can be inherited (true). 668 (80%) 164 (20%)

Genetic questions testing understanding (true/false/do not know)

Question 3. If both my partner and I test negative for a specific disorder, our baby will definitely not have that disorder (false). 400 (48%) 432 (52%)

Question 4. I can be a carrier for a genetic disorder even though there is no history of the disorder in my family (true). 555 (67%) 277 (33%)

Question 6. If both my parents are carriers, I have a 75% chance of becoming a carrier (false). 111 (13%) 721 (87%)

Question 8. If a person is the carrier of a disease gene, it means that they have the disease (false). 581 (70%) 251 (30%)

Question 13. Genetic mutations in the DNA of any cells will be passed on to offspring (false). 289 (35%) 543 (65%)

Question 15. You cannot develop harmful genetic mutations from lifestyle choices (false). 312 (37%) 520 (63%)

Genetic question testing misconceptions (genetic mutations/environmental factors/mixture/do not know)

Question 16. Eye colour (genetic mutations). 623 (75%) 209 (25%)

Question 17. Food poisoning (environmental factors). 685 (82%) 147 (18%)

Question 18. Spina bifida (mixture). 144 (17%) 688 (83%)

Question 19. Frost bite (environmental factors). 704 (85%) 128 (15%)

Question 20. Cystic fibrosis (genetic mutations). 554 (67%) 278 (33%)

Question 21. Diabetes (mixture). 599 (72%) 233 (28%)
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Table 2 Demographics of study participants and intention groups. Bold values represent statistically significant associations.

Would you take the test? (value)

Value P valuesYes (n=56, 68%) no (n=84,10%) unsure (n=18 ,22%) Total (n=832,100%)

Age (years) 

 18–24 72 (13%) 12 (14%) 28 (15%) 112 (13%) 2.38 0.89

  25–44 409 (73%) 62 (74%) 136 (73%) 607 (73%)

  45–64 59 (10%) 6 (7%) 17 (9%) 82 (10%)

  65+ 22 (4%) 4 (5%) 5 (3%) 31 (4%)

Gender 

  Male 252 (45%) 39 (46%) 90 (48%) 381 (46%) 19.1 0.076

  Female 309 (55%) 43 (51%) 96 (52%) 448 (54%)

Religiosity 

  Yes 221 (39%) 50 (60%) 74 (40%) 345 (41%) 13.49 0.01

  No 341 (61%) 34 (40%) 112 (60%) 487 (59%)

Education 

  Completed university 220 (39%) 27 (32%) 57 (31%) 304 (37%) 13.32 0.039

  Completed vocational education 146 (26%) 32 (38%) 52 (28%) 230 (28%)

  Currently studying university or 
vocational education

67 (12%) 12 (14%) 21 (11%) 100 (12%)

  Completed high school or equivalent 129 (23%) 13 (16%) 56 (30%) 198 (24%)

Annual individual income ($A)? 

  125 000 and over 41 (8%) 12 (17%) 9 (6%) 62 (8%) 18.58 0.016

  80 000–124 999 129 (25%) 11 (15%) 30 (18%) 170 (23%)

  50 000–79 999 135 (26%) 14 (19%) 55 (34%) 204 (27%)

  30 000–49 999 89 (17%) 12 (16%) 30 (18%) 131 (17%)

  0–29 999 124 (24%) 24 (33%) 40 (24%) 188 (25%)

What is your relationship status? 

  In a relationship 405 (72%) 61 (73%) 127 (68%) 593 (71%) 1.06 0.59

  Not in a relationship 157 (28%) 23 (27%) 59 (32%) 239 (29%)

Are you, or have you been, a parent (including adoptive or step)? 

  Yes 277 (49%) 49 (58%) 89 (48%) 415 (50%) 12.09 0.076

  No 273 (49%) 32 (38%) 95 (51%) 400 (48%)

  No, we are expecting a child soon. 12 (2%) 3 (4%) 2 (1%) 17 (2%)

Do you intend to be a parent? 

  Yes 399 (71%) 65 (77%) 123 (66%) 587 (71%) 3.69 0.16

  No 163 (29%) 19 (23%) 63 (34%) 245 (29)

Table 3A Considerations when participants want to take the test

Will take the test (n=562; 67.5%)

Statement no Yes

I will do the test if the diseases that are screened affects lifespan of 
any children or infants.

45 (8%) 517 (92%)

I will do the test if the diseases that are screened is chronic and 
requires me to be a full time carer.

119 (21%) 443 (79%)

I will do the test if the diseases that are screened first show 
symptoms when my child is an adult but still able to look after 
himself/herself.

221 (39%) 341 (61%)

I would want to access this test through my: general practitioner 114 (20%) 448 (80%)

I would want to access this test through my: midwife 457 (81%) 105 (19%)

I would want to access this test through my: gynaecologist/
obstetrician

325 (58%) 237 (42%)

I would want to access this test through my: genetic counsellor 328 (58%) 234 (42%)

I would want to access this test through my: through mail or online 
ordering

480 (85%) 82 (15%)

I will do a preconception carrier-screening test if it costs me Free <$A50 $A50–$A200 $A200–$A500 $A500–$A1000 Any amount

109 (19%) 121 (22%) 192 (34%) 75 (13%) 19 (3%) 46 (8%)

Number indicates the responses while parentheses indicates percentages.
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their general practitioner. Most participants (85.4%) reported 
that they would not access the test and results via the mail and/
or online ordering, midwives (81.3%) or gynaecologist or obste-
tricians (57.8%). Finally, 75.1% reported that they would take 
the test if it cost <$A200 (table 3A).

Declining the test
Only 10.1% of participants reported that they would decline 
the PCS test if it were offered to them. A third of these partic-
ipants had no interest in finding out their genetic information 
and 28.6% believed that the test would not be useful for them 
(table 3B).

Being unsure about the test
Overall, 22.4% of participants indicated that they were unsure 
about taking the test if PCS was offered to them. As a follow-up 
to this question, 67.7% said they would like more information 
about the diseases tested, 46.8% said they would like more infor-
mation about the technology used and 43.5% said they would 
like more information about postscreening options (table 3C).

level of genetic knowledge among participants
Most participants (n=645; 77%) correctly answered at least 
10 out of the 21 genetic knowledge questions. Two-thirds 
of participants answered key concepts pertaining to carrier 
screening correctly (table 1). Participants did not fare well in 
advanced genetic concepts regarding probability (answered 
correctly=13%, question 6) and inheritance of mutations 
(answered correctly=35%, question 13). Almost half of partici-
pants correctly answered that their child may still have a genetic 
disease even if both parents tested negative for the disease. 
Misconceptions about diseases associated with lifestyle choices 
were also identified, with 63% thinking that one cannot develop 
harmful genetic mutations from lifestyle choices and 83% 
thinking that spina bifida is caused only by genetic mutations 
(table 1 and online supplementary table S1).

Factors associated with the intention to take a PCS test
Sociodemographic factors
Education level was positively associated with intention to 
take the test. Those who had completed postschool vocational 
education were twice as likely to reject the test than take it 

compared with those who had completed year 12 or equivalent 
(OR=2.18, 95% CI 1.09 to 4.32, p=0.03) (see online supple-
mentary table S5). Income was also significantly associated 
with taking the test. Participants who earned an annual income 
of $A80 000–$A125 000 compared with participants with an 
annual income of $A0–$A30 000 were two times more likely to 
take the test (OR=2.27, 95% CI 1.07 to 4.83, p=0.033). Those 
who were religious, or spiritual were three times more likely to 
reject the test when compared with those who were not reli-
gious or spiritual (OR=3.05, 95% CI 1.06 to 8.83, p=0.039) 
(see online supplementary table S5). Age, gender, relationship 
status and intentions of becoming a parent were not significantly 
associated with taking the test (table 2).

Prior knowledge and genetic knowledge factors
A third of participants (n=239) had heard about PCS, reflecting 
prior knowledge or awareness of the screening test. Prior knowl-
edge was shown to be significantly associated with intention to 
take the PCS test (see online supplementary table S6). Partici-
pants who had prior awareness of the test were more likely to 
either take or reject the test, compared with those who were 
unsure of their intentions (take the test: OR=2.53, 95% CI 1.65 
to 3.89, p≤0.001; reject the test: OR=2.20, 95% CI 1.20 to 
4.05, p=0.011) (see online supplementary table S7). Knowing 
about PCS from family members or searching through the 
internet were strongly associated with intention to take a PCS 
test (p≤0.05). Among participants who had heard about the PCS 
test from family members, 93.2% would take the test compared 
with 6.8% who were unsure. Similarly, among participants who 

Table 3b Considerations when participants do not want to take the test

Will not take the test (n=84; 10.1%)

Statement no Yes

I will not take the test because if we take it, pregnancy becomes less natural. 73 (87%) 11 (13%)

I will not take the test because I am concerned about my privacy regarding my genetic information. 76 (90%) 8 (10%)

I will not take the test because I do not trust the test results. 76 (90%) 8 (10%)

I will not take the test because I am not interested in finding out my genetic information. 57 (68%) 27 (32%)

I will not take the test because I do not believe it would be useful to me. 60 (71%) 24 (29%)

I will not take the test because I am concerned the information will have a negative impact on my life. 66 (79%) 18 (21%)

I will not take the test because I am concerned the information will have a negative impact on my family members. 69 (82%) 15 (18%)

I will not take the test because I do not trust the organisations/companies/people offering the test. 80 (95%) 4 (5%)

I will not take the test because I am opposed to genetic testing. 78 (93%) 6 (7%)

I will not take the test because I am concerned what other people might do with my genetic information. 75 (89%) 9 (11%)

I will not take the test because I am concerned I could be discriminated against based on my personal genetic test results. 73 (87%) 11 (13%)

I will not take the test because I am concerned that obtaining my personal genetic information will have negative implications on my 
ability to obtain health, life and/or disability insurance.

68 (81%) 16 (19%)

I will not take the test because I am concerned that my employer could discriminate based on my personal genetic results. 78 (93%) 6 (7%)

Number indicates the responses while parentheses indicates percentages.

Table 3C Considerations when participants are unsure about taking 
the test

Will not take the test (n=186; 22.4%)

Statement no Yes

More information about specific diseases tested. 60 (32%) 126 (68%)

More information about the technology used for the 
screening programme.

99 (53%) 87 (47%)

More information about postscreening pathways 
including adoption and surrogacy options and IVF 
subsidies.

105 (56%) 81 (44%)

Number indicates the responses while parentheses indicates percentages.
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know the test through internet searches, 91.1% will take the test 
compared with 8.8% who are unsure (see online supplementary 
table S6).

The likelihood of an individual accepting the PCS test 
compared with rejecting it was significantly higher for people 
who had ‘high’, ‘good’ and ‘some’ genetic knowledge compared 
with those who had ‘low’ genetic knowledge (all p≤0.05) 
(tables 4A and online supplementary table S8). The participants 
who had ‘good’ genetic knowledge were seven times more likely 
to take the test (OR=7.62, 95% CI 3.04 to 19.14, p=<0.001) 
while those with ‘high’ genetic knowledge were only four times 
more likely to take the test (OR=4.15, 95% CI 1.68 to 10.28, 
p=0.002) (table 4A).

Intention not to use carrier screening in individuals with ‘high’ 
genetic knowledge was associated with four concerns: 1) nega-
tive impact on my family members, 2) confidentiality of genetic 
information, 3) discrimination based on genetic result and 4) 
negative implications to obtain health, life and/or disability 
insurance (see online supplementary table S9).

Attitude factors
Individuals were more likely to take the PCS test than reject it 
with every one unit increase in the score (ie, from 4 to 5 on the 
Likert scale) for factor 2 ‘equity of access and empathy’, factor 3 
‘feelings about individuals with a genetic disorder’ and factor 4 
‘test-related concerns’ (all p≤0.001).

Individuals were less likely to take the test with every one unit 
increase in the score for factor 1 ‘apprehension and religious 
beliefs’ (OR=0.20, 95% CI 0.13 to 0.32, p≤0.001).

There were also some individuals who were more likely to be 
unsure about their intentions to take the test rather than rejecting 
the test with every one unit increase in the feelings about indi-
viduals with a genetic disorder score (OR=1.43, 95% CI 1.02 to 
2.01, p=0.037) (table 4B).

Association between genetic knowledge and attitudes towards PCS
Increases in genetic knowledge (eg, from ‘some’ genetic knowl-
edge to ‘good’ genetic knowledge) were positively correlated 
with individuals’ scores on the equity of access and empathy 
factors and test-related concerns factor (OR=2.36, 95% CI 1.96 
to 2.84, p≤0.001; OR=2.72, 95% CI 2.19 to 3.39, p≤0.001, 
respectively) (figure 1).

Individuals who had ‘high’ genetic knowledge but were less 
likely to take the test had higher mean scores for statements 
in attitude factor 1 ‘apprehension about the test and religious 
beliefs’ compared with those with ‘high’ genetic knowledge who 
said they intended to use carrier screening. In addition, these 
individuals also had lower mean scores for statements in atti-
tude factors 2 ‘equity of access and empathy’, 3 ‘feelings about 
individuals with a genetic disorder’ and 4 ‘test-related concerns’ 
(see online supplementary table S10).

As genetic knowledge decreased, scores for factor 1 ‘appre-
hension about the test and religious beliefs’ increased (OR=2.78, 
95% CI 2.26 to 3.43, ≤0.001) (table 4C).

dISCuSSIon
Our study identified key factors associated with intention to 
participate in a PCS programme (see online supplementary figure 

Table 4 Logistic regression with significant associations comparing genetic knowledge, attitudes and taking the test

A: Genetic knowledge and taking the test

Would you take the test? Genetic knowledge levels b P values exp(b)

95% CI for exp(b)

lower bound upper bound 

Yes* High genetic knowledge 1.42 0.002 4.15 1.68 10.28

Good genetic knowledge 2.03 <0.001 7.62 3.04 19.14

Some genetic knowledge 1.12 0.032 3.06 1.1 8.52

Low genetic knowledge† 0 – – – – 

Unsure* Good genetic knowledge −1.0 0.028 0.366 0.15 0.9

Low genetic knowledge† 0 – – – – 

b: Attitudes and taking the test

Attitudes Would you take the test? b P values exp(b)

95% CI for exp(b)

lower bound upper bound 

Factor 1: apprehension about the test and religious beliefs Yes* −1.59 <0.001 0.2 0.13 0.31

Factor 2: equity of access and empathy Yes* 1.77 <0.001 5.84 3.9 8.76

Factor3: feelings about individuals with a genetic disorder Yes* 0.7 <0.001 2.01 1.48 2.74

Unsure* 0.36 0.04 1.43 1.02 2.01 

Factor4: test-related concerns Yes* 1.04 <0.001 2.82 1.82 4.35

C: Genetics knowledge and attitudes

Genetic knowledge Attitude b P values exp(b)

95% CI for exp(b)

lower bound upper bound 

Decreasing genetic knowledge: ie, high genetic 
knowledge to low genetic knowledge 

Factor 1: apprehension about the 
test and religious beliefs

1.02 <0.001 2.78 2.26 3.43

Increasing genetic knowledge:
 ie, low genetic knowledge to high genetic 
knowledge 

Factor 2: equity of access and 
empathy

0.86 <0.001 2.36 1.96 2.84

Factor 4: test-related concerns 1.0 <0.001 2.72 2.19 3.39

*The reference category is: no.
†Reference variable. 
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S1). Higher levels of genetic knowledge correlated significantly 
with PCS participation, consistent with previous studies.31 32 Of 
interest is the comparative decrease in intention to participate 
in a PCS test in participants who had ‘high’ genetic knowledge 
compared with those with ‘good’ genetic knowledge. Our results 
show that those who have ‘good’ genetic knowledge were seven 
times more likely to take the test while individuals with ‘high’ 
genetic knowledge were only four times more likely to take the 
test. This finding appears to be explained in part by participants 
concerns related to: 1) negative impact on my family members, 
2) confidentiality of genetic information, 3) discrimination based 
on genetic result and 4) negative implications to obtain health, 
life and/or disability insurance. In addition, individuals with 
‘high’ genetic knowledge who said they would not take the test 
scored more highly on factor 1 attitudes ‘apprehension about the 
test and religious beliefs’ and less highly on attitudes in relation 
to statements in the other three factors. This indicates that high 
genetic knowledge has limited influence on certain attitudes.

Issues around privacy and insurance therefore received the 
most number of responses among those who had ‘high’ levels 
of genetic knowledge and had no intention of taking the test. 
Since the introduction of expanded gene panels in screening 
programmes, similar concerns have been raised and identified in 
studies among health professionals and communities.6 13 35 38 This 
has resulted in calls for more transparent methods of ensuring 
confidentiality and privacy in order to minimise stigmatisa-
tion and social discrimination.39 Community education, public 
campaigns and more extensive pretest and post-test counselling 
have been suggested as methods to reduce social discrimina-
tion. Some authors have suggested that the introduction of an 
expanded carrier screening programme may reduce social stigma 
through the ‘universal test’ approach as opposed to targeting a 
single ethnic group.6

Similarly, genetic discrimination is recognised as an international 
phenomenon40 and can occur in different types of insurance covers 
such as health or life insurance.39 As such, legislation including a 
moratorium or the Oviedo Convention (which prohibits insur-
ance companies from asking for any genetic test results from their 
applicant) are in place in certain countries, to protect their citi-
zens from genetic discrimination.40 A moratorium temporarily 
restricting insurers’ use of genetic information exists in Australia 
and the UK.41 Under the moratorium, insurers cannot request their 
applicants to undergo a genetic test or request previous results for 
policies under certain amounts, but applies only to health and not 
life insurance in Australia. As a result, even though participants 
in our study may have an understanding that being a carrier does 
not implicate or have an impact on their health, there is no legal 
framework in Australia to safeguard and protect consumers against 
discrimination by life insurance companies. As shown, this fear may 
reduce intentions to participate in carrier screening programmes. 
Otlowski et al suggested that continuous monitoring of policies on 
insurance through any available common metrics and instruments 
will aid in the comparative studies of long-term impact on individ-
uals, families and the community.40

Previous studies have highlighted that knowledge, attitude and 
personal values affect informed decision-making.32 42 Consistent 
with other studies,32 34 35 our data showed that 77.5% of partic-
ipants had at least ‘good’ genetic knowledge. Highly educated 
individuals tend to have higher levels of genetic knowledge and a 
deeper understanding of genetic concepts. However, a proportion 
of individuals with ‘good’ genetic knowledge answered incorrectly 
questions that tested understanding (see online supplementary 
table S11) such as ‘if both members of a couple test negative for 
a specific disorder, their child may still have a disorder’. These 
statements reflect core principles in PCS and without a sound 
understanding, informed decision-making may be compromised. 

Figure 1 Distribution of the mean likert score per factor across different levels of genetic knowledge. the X-axis represents various factors identified in 
questions related to attitudes. the Y-axis measures the mean likert score for each factor. colours represent each of the four levels of genetic knowledge: 
‘high’; ‘good’; ‘some’ and ‘low’. genetic knowledge is measured according to how many genetic questions an individual answered correctly. error bars 
indicate Se. the number in parentheses above each bar indicates the mean likert score of each factor from individuals with a specific genetic knowledge. 
likert scores range from 1 to 5 with 1 being strongly disagree and 5 being strongly agree.
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This result suggests that having ‘good’ knowledge may not be 
sufficient to understand and appreciate core concepts of PCS and 
may impact the ability to make informed decisions. The commu-
nity may benefit from a tailored education programme to reduce 
misconceptions and improve genetic literacy.

Participants who had positive attitudes towards the test tended 
to agree with statements such as ‘Provides couples with reproduc-
tive choices’ or ‘It is difficult for a person with a severe recessive 
disease to have a very good life’. These individuals were at least 
twice as likely to take the test, consistent with previous studies 
showing that positive attitudes towards a screening test generally 
correlates significantly with participation rates.32 33 Conversely, 
individuals who were more agreeable to statements such as ‘Is 
morally unacceptable’ or ‘Will do more harm than good’ were less 
likely to take the test. These individuals were also more likely to 
have lower levels of genetic knowledge (table 4C). Similarly, we 
found that with increasing genetic knowledge, individuals tend to 
agree more with statements such as ‘Provides couples with repro-
ductive choices’ as well as statements about ‘A post-test consultation 
with a genetic counsellor would be essential’ (figure 1). However, 
deeply personal values and beliefs such as "I think it is wrong to 
knowingly bring a child with a severe recessive disease into the 
world" and religious values are not influenced by genetic knowl-
edge (table 4C). Our results also show that religious individuals are 
three time more likely to reject the test than participate. Overall, 
these findings highlight that increasing genetic knowledge may 
have a positive effect on certain attitudes, but not personal values 
and beliefs, which go on to influence participation rates.

We also show that prior knowledge of PCS before taking the test 
is associated with increased likelihood of participation (p≤0.001) 
(see online supplementary table S6). Further investigation indicates 
those who had prior awareness of PCS reported that they would 
either take the test or reject it (see online supplementary table S7). 
This conflicting result may suggest that those who will take the 
test probably have a positive attitude towards the test, perceived 
susceptibility to the disease or probably want to avoid having an 
affected child, as studies have suggested.43 Conversely, those who 
decline the test may feel that they are not at risk, or that a lack 
of family history is sufficient to convince them that such tests are 
unnecessary.38 Our results show that who individuals learn about 
the test from is important. Although numbers are small, if an indi-
vidual learnt about the test through a family member, none would 
not take the test (see online supplementary table S6). The high 
level of intention to participate in those who had heard about PCS 
from a family member, suggests the social environment is strongly 
associated with an individual’s intention to participate in PCS and 
is consistent with other studies examining how an individual’s 
beliefs about a particular behaviour are influenced by the judge-
ment of significant others (eg, family).44

More than two-thirds of our participants indicated intentions to 
use a PCS test. Three previous studies have shown about a third 
of their participants were willing to take the test.2 22 38 The signifi-
cant increase in media coverage of PCS in Australia in the months 
prior to the survey45 46 may have raised awareness about PCS 
testing, and highlighted the benefits of adopting carrier screening 
before pregnancy. This may have encouraged more participants 
to consider taking PCS. It was not surprising that most partici-
pants in the Netherlands study preferred to access the test through 
their general practitioner (GP) and trust their opinions, given the 
strong primary healthcare structure in the Netherlands. Similarly, 
in Western Australia, almost 80% of our participants preferred to 
access the test through their GP. Most healthy Australians will see 
a GP at least annually, whereas interactions with medical special-
ists (eg, obstetricians) are less frequent. Interestingly, most of our 

participants rejected all other options including accessing the test 
through a gynaecologist or obstetrician, or accessing the test and 
results directly via the mail and/or online ordering. This may 
suggest confidence in our primary healthcare structure or simply 
that GPs provide the greatest convenience to the community.

This cross-sectional study provides comprehensive data on key 
factors affecting intentions to participate and attitudes towards 
PCS in Western Australia. We show that increased genetic knowl-
edge and a positive attitude to genetic testing are instrumental in 
influencing intentions to participate and whether those decisions 
are informed. Concerns surrounding social issues because of 
screening were also raised.

The study nevertheless has limitations which might bias the 
findings. The demographics may not fully represent the Western 
Australian population, although it is indicative of the cohort to 
whom PCS would be most relevant. As participants could choose 
whether to participate, self-selection bias may mean that the respon-
dents included an over-representation of individuals both strongly 
for and against PCS. In addition, other variables that may affect 
the uptake interest such as perceived behavioural control (how 
easy or difficult it is for an individual to perform the particular 
behaviour),44 availability of reproductive options or considerations 
around termination of pregnancy were not directly measured.

It is well known that intentions to do a behaviour and actual 
participation are not always in alignment, and may be influ-
enced by factors such as social barriers (eg, stigmatisation, 
discrimination), familiarity of diseases tested and awareness or 
perceived benefit.23 Consequently, tailored community education 
programmes addressing the issues identified in this study would 
be required to ensure individuals with different levels of genetic 
knowledge are sufficiently informed to make decisions regarding 
PCS testing. This study highlights that continuous education of 
GPs, and thus the community, is crucial to reduce misconceptions 
and to raise awareness about PCS in the community. Increasing 
genetic literacy among those who have a positive attitude towards 
screening in turn might improve uptake. Our findings thus inform 
how PCS might best be implemented into the future.

Supplementary information is available at the Journal of 
Medical Genetics website.

Acknowledgements the authors would like to thank all funding bodies for their 
continuous support. 

Contributors rO, DH, Pc, cM, gr, ngl designed the study. rO designed, analysed 
and administered the survey instrument, drafted the manuscript, coordinated the 
revisions and submitted the manuscript. DH, ar, Hc, cM, gr, ngl participated in 
the data analysis. ar provided technical expertise in the data analysis. all authors 
commented on various versions of the manuscript, agreed on the final version to be 
published and can attest to the integrity of the work.

Funding Hc is supported by a national Heart Foundation Future leader Fellowship 
(#100794). nl is supported by an australian national Health and Medical research 
council Principal research Fellowship (aPP1117510). gr is supported by an 
australian national Health and Medical research council career Development 
Fellowship level 1 (aPP1122952). rO is supported by an australian Postgraduate 
award and an australian genomics Health alliance PhD top-up award.

disclaimer  the funding agencies had no involvement in the design, completion or 
writing of this study.

Competing interests none declared.

Patient consent not required.

ethics approval ethics approval for the study was granted by the Human research 
ethics committee of the University of Western australia (ra/4/1/8847).

Provenance and peer review not commissioned; externally peer reviewed.

reFerenCeS
 1 archibald aD, Smith MJ, Burgess t, Scarff Kl, elliott J, Hunt ce, Barns-Jenkins c, Holt 

c, Sandoval K, Kumar S V, Ward l, allen ec, collis SV, cowie S, Francis D, Delatycki 

 on 1 A
ugust 2018 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2018-105362 on 1 A
ugust 2018. D

ow
nloaded from

 

https://dx.doi.org/10.1136/jmedgenet-2018-105362
https://dx.doi.org/10.1136/jmedgenet-2018-105362
https://dx.doi.org/10.1136/jmedgenet-2018-105362
http://jmg.bmj.com/


9Ong R, et al. J Med Genet 2018;0:1–9. doi:10.1136/jmedgenet-2018-105362

Screening

MB, Yiu eM, Massie rJ, Pertile MD, du Sart D, Bruno D, amor DJ. reproductive genetic 
carrier screening for cystic fibrosis, fragile X syndrome, and spinal muscular atrophy in 
australia: outcomes of 12,000 tests. 2017.

 2 Plantinga M, Birnie e, abbott KM, Sinke rJ, lucassen aM, Schuurmans J, Kaplan S, 
Verkerk Ma, ranchor aV, van langen iM. Population-based preconception carrier 
screening: how potential users from the general population view a test for 50 serious 
diseases. Eur J Hum Genet 2016;24:1417–23.

 3 WHO. Births with Down’s syndrome per 100 000 live births. Secondary Births with 
Down’s syndrome per 100 000 live births. 2017. https:// gateway. euro. who. int/ en/ 
indicators/ hfa_ 603- 7120- births- with- downs- syndrome- per- 100- 000- live- births/

 4 Kingsmore SF, lantos JD, Dinwiddie Dl, Miller na, Soden Se, Farrow eg, Saunders cJ. 
next-generation community genetics for low- and middle-income countries. Genome 
Med 2012;4:25.

 5 Walker ce, Mahede t, Davis g, Miller lJ, girschik J, Brameld K, Sun W, rath a, aymé 
S, Zubrick Sr, Baynam gS, Molster c, Dawkins HJS, Weeramanthri tS. the collective 
impact of rare diseases in Western australia: an estimate using a population-based 
cohort. Genet Med 2017;19.

 6 Henneman l, Borry P, chokoshvili D, cornel Mc, van el cg, Forzano F, Hall a, Howard 
Hc, Janssens S, Kayserili H, lakeman P, lucassen a, Metcalfe Sa, Vidmar l, de Wert g, 
Dondorp WJ, Peterlin B. responsible implementation of expanded carrier screening. 
Eur J Hum Genet 2016;24:e1–e12.

 7 Kaback M, lim-Steele J, Dabholkar D, Brown D, levy n, Zeiger K. tay-Sachs disease-
-carrier screening, prenatal diagnosis, and the molecular era. an international 
perspective, 1970 to 1993. the international tSD Data collection network. JAMA 
1993;270:2307–15.

 8 cao a, rosatelli Mc, Monni g, galanello r. Screening for thalassemia - a model of 
success. Obstet Gyn Clin N Am 2002;29:305.

 9 grody WW, cutting gr, Klinger KW, richards cS, Watson MS, Desnick rJ. 
Subcommittee on cystic Fibrosis Screening aogScaacoMg. laboratory standards 
and guidelines for population-based cystic fibrosis carrier screening. Genetics in 
medicine 2001;3:149–54.

 10 Prior tW. Professional Practice and guidelines committee. carrier screening for spinal 
muscular atrophy. Genet Med 2008;10:840–2.

 11 Bell cJ, Dinwiddie Dl, Miller na, Hateley Sl, ganusova ee, Mudge J, langley rJ, 
Zhang l, lee cc, Schilkey FD, Sheth V, Woodward Je, Peckham He, Schroth gP, Kim 
rW, Kingsmore SF. carrier testing for severe childhood recessive diseases by next-
generation sequencing. Sci Transl Med 2011;3:65ra4.

 12 Morton ne, crow JF, Muller HJ. an estimate of the mutational damage in man from 
data on consanguineous marriages. Proc Natl Acad Sci U S A 1956;42:855–63.

 13 edwards Jg, Feldman g, goldberg J, gregg ar, norton Me, rose nc, Schneider a, 
Stoll K, Wapner r, Watson MS. expanded carrier screening in reproductive medicine-
points to consider: a joint statement of the american college of Medical genetics 
and genomics, american college of Obstetricians and gynecologists, national Society 
of genetic counselors, Perinatal Quality Foundation, and Society for Maternal-Fetal 
Medicine. Obstet Gynecol 2015;125:653–62.

 14 Haque iS, lazarin ga, Kang HP, evans ea, goldberg JD, Wapner rJ. Modeled 
fetal risk of genetic diseases identified by expanded carrier screening. JAMA 
2016;316:734–42.

 15 american college of Obstetricians and gynecologists. committee Opinion no. 
690 summary: carrier screening in the age of genomic medicine. Obstet Gynecol 
2017;129:595–6.

 16 Zlotogora J, grotto i, Kaliner e, gamzu r. the israeli national population program of 
genetic carrier screening for reproductive purposes. Genet Med 2016;18:203–6.

 17 australian Bureau of Statistics. Census of population and housing: reflecting australia 
- stories from the census: australian Bureau of Statistics, 2016.

 18 laboratory ac. counsyl - Family Prep Screen. Secondary counsyl - Family Prep Screen. 
https://www. clinicallabs. com. au/ patient/ our- tests/ pregnancy- testing/ counsyl/

 19 Delatycki MB, Burke J, christie l, collins F, gabbett M, george P, Haan e, ioannou 
l, Martin n, McKenzie F, O’leary P, Scoble-Williams n, turner g, Massie J. Human 
genetics Society of australasia. Human genetics Society of australasia position 
statement: population-based carrier screening for cystic fibrosis. Twin Res Hum Genet 
2014;17:578–83.

 20 ivf a. iVF treatment costs. Secondary iVF treatment costs. 2017. https://www. ivf. com. 
au/ ivf- fees/ ivf- costs

 21 lew rM, Burnett l, Proos al, Delatycki MB. tay-Sachs disease: current perspectives 
from australia. Appl Clin Genet 2015;8:19–25.

 22 ekstrand ragnar M, tydén t, Kihlbom U, larsson M. Swedish parents’ interest in 
preconception genetic carrier screening. Ups J Med Sci 2016;6:289–94.

 23 Holtkamp Kca, Mathijssen iB, lakeman P, van Maarle Mc, Dondorp WJ, Henneman l, 
cornel Mc. Factors for successful implementation of population-based expanded carrier 
screening: learning from existing initiatives. Eur J Public Health 2017;27:372–7.

 24 Voorwinden JS, Buitenhuis aH, Birnie e, lucassen aM, Verkerk Ma, van langen iM, 
Plantinga M, ranchor aV. expanded carrier screening: what determines intended 
participation and can this be influenced by message framing and narrative 
information? Eur J Hum Genet 2017;25:793–800.

 25 lek M, Karczewski KJ, Minikel eV, Samocha Ke, Banks e, Fennell t, O’Donnell-luria 
aH, Ware JS, Hill aJ, cummings BB, tukiainen t, Birnbaum DP, Kosmicki Ja, Duncan 
le, estrada K, Zhao F, Zou J, Pierce-Hoffman e, Berghout J, cooper Dn, Deflaux n, 
DePristo M, Do r, Flannick J, Fromer M, gauthier l, goldstein J, gupta n, Howrigan 
D, Kiezun a, Kurki Mi, Moonshine al, natarajan P, Orozco l, Peloso gM, Poplin r, 
rivas Ma, ruano-rubio V, rose Sa, ruderfer DM, Shakir K, Stenson PD, Stevens c, 
thomas BP, tiao g, tusie-luna Mt, Weisburd B, Won HH, Yu D, altshuler DM, ardissino 
D, Boehnke M, Danesh J, Donnelly S, elosua r, Florez Jc, gabriel SB, getz g, glatt 
SJ, Hultman cM, Kathiresan S, laakso M, Mccarroll S, Mccarthy Mi, Mcgovern D, 
McPherson r, neale BM, Palotie a, Purcell SM, Saleheen D, Scharf JM, Sklar P, Sullivan 
PF, tuomilehto J, tsuang Mt, Watkins Hc, Wilson Jg, Daly MJ, Macarthur Dg, exome 
aggregation c; exome aggregation consortium. analysis of protein-coding genetic 
variation in 60,706 humans. Nature 2016;536:285–91.

 26 auton a, Brooks lD, Durbin rM, garrison eP, Kang HM, Korbel JO, Marchini Jl, 
Mccarthy S, McVean ga, abecasis gr. 1000 genomes Project consortium. a global 
reference for human genetic variation. Nature 2015;526:68.

 27 lazarin ga, Haque iS, nazareth S, iori K, Patterson aS, Jacobson Jl, Marshall Jr, 
Seltzer WK, Patrizio P, evans ea, Srinivasan BS. an empirical estimate of carrier 
frequencies for 400+ causal Mendelian variants: results from an ethnically diverse 
clinical sample of 23,453 individuals. Genet Med 2013;15:178–86.

 28 Shiroff JJ, nemeth lS. Public perceptions of recessive carrier testing in the preconception 
and prenatal periods. J Obstet Gynecol Neonatal Nurs 2015;44:717–25.

 29 Stark Z, Massie J, Mcclaren B, ioannou l, cousens n, lewis S, Metcalfe S, Delatycki 
MB. current practice and attitudes of australian obstetricians toward population-
based carrier screening for inherited conditions. Twin Res Hum Genet 2013;16:601–7.

 30 archibald aD, Hickerton cl, Wake Sa, Jaques aM, cohen J, Metcalfe Sa. "it gives 
them more options": preferences for preconception genetic carrier screening for 
fragile X syndrome in primary healthcare. J Community Genet 2016;7:159–71.

 31 ioannou l, Mcclaren BJ, Massie J, lewis S, Metcalfe Sa, Forrest l, Delatycki MB. 
Population-based carrier screening for cystic fibrosis: a systematic review of 23 years 
of research. Genet Med 2014;16:207–16.

 32 Metcalfe Sa, Martyn M, ames a, anderson V, archibald aD, couns gDg, carter r, 
cohen J, cotter M, gencouns M, Dang W, Delatycki MB, Donath S, edwards S, educ 
PD, couns gDg, Forbes r, couns gDg, gavrila M, MedSci M, Halliday J, Hickerton 
c, Hill M, couns gDg, Jacobs l, Ultrasound PD, Petrou V, couns gDg, Plunkett l, 
gencouns M, Sheffield l, racp F, thornton a, couns gDg, Younie S, econ PDH, 
emery JD. informed decision making and psychosocial outcomes in pregnant and 
nonpregnant women offered population fragile X carrier screening. Genet Med 
2017;19:1346–55.

 33 Maxwell SJ, Kyne g, Molster c, Barker nM, Ormsby J, O’leary P. Perceptions of 
population cystic fibrosis prenatal and preconception carrier screening among 
individuals with cystic fibrosis and their family members. Genet Test Mol Biomarkers 
2011;15:159–64.

 34 Molster c, charles t, Samanek a, O’leary P. australian study on public knowledge of 
human genetics and health. Public Health Genomics 2009;12:84–91.

 35 ready K, Haque iS, Srinivasan BS, Marshall Jr. Knowledge and attitudes regarding 
expanded genetic carrier screening among women’s healthcare providers. Fertil Steril 
2012;97:407–13.

 36 lazarin ga, Detweiler S, nazareth SB, ashkinadze e. genetic counselors’ perspectives 
and practices regarding expanded carrier screening after initial clinical availability. J 
Genet Couns 2016;25:395–404.

 37 australian Bureau of Statistics. Estimates of personal income for small areas, 2011-
2016: overview of personal income in Australia, 2016.

 38 gilmore MJ, Schneider J, Davis JV, Kauffman tl, leo Mc, Bergen K, reiss Ja, Himes 
P, Morris e, Young c, McMullen c, Wilfond BS, goddard KaB. reasons for declining 
preconception expanded carrier screening using genome sequencing. J Genet Couns 
2017;26:971–9.

 39 Keogh la, Otlowski MF. life insurance and genetic test results: a mutation carrier’s 
fight to achieve full cover. Med J Aust 2013;199:363–6.

 40 Otlowski M, taylor S, Bombard Y. genetic discrimination: international perspectives. 
Annu Rev Genomics Hum Genet 2012;13:433–54.

 41 aBi. Concordat and moratorium on genetics and insurance: Her Majesty government, 
2014.

 42 ames ag, Metcalfe Sa, Dalton archibald a, Duncan re, emery J. Measuring informed 
choice in population-based reproductive genetic screening: a systematic review. Eur J 
Hum Genet 2015;23:8–21.

 43 ioannou l, Massie J, collins V, Mcclaren B, Delatycki MB. Population-based genetic 
screening for cystic fibrosis: attitudes and outcomes. Public Health Genomics 
2010;13:449–56.

 44 Sheeran P, conner M, norman P. can the theory of planned behavior explain patterns 
of health behavior change? Health Psychol 2001;20:12–19.

 45 White n. Family devastated after two of their three children are suddenly struck down 
with an incurable rare degenerative disorder that can kill young sufferers within years: 
Daily Mail australia, 2016.

 46 aubusson K. The tragedy of Aviana: the Sydney Morning Herald, 2017.

 on 1 A
ugust 2018 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2018-105362 on 1 A
ugust 2018. D

ow
nloaded from

 

http://dx.doi.org/10.1038/ejhg.2016.43
https://gateway.euro.who.int/en/indicators/hfa_603-7120-births-with-downs-syndrome-per-100-000-live-births/
https://gateway.euro.who.int/en/indicators/hfa_603-7120-births-with-downs-syndrome-per-100-000-live-births/
http://dx.doi.org/10.1186/gm324
http://dx.doi.org/10.1186/gm324
http://dx.doi.org/10.1038/gim.2016.143
http://dx.doi.org/10.1038/ejhg.2015.271
http://www.ncbi.nlm.nih.gov/pubmed/8230592
http://dx.doi.org/10.1097/GIM.0b013e318188d069
http://dx.doi.org/10.1126/scitranslmed.3001756
http://dx.doi.org/10.1073/pnas.42.11.855
http://dx.doi.org/10.1097/AOG.0000000000000666
http://dx.doi.org/10.1001/jama.2016.11139
http://dx.doi.org/10.1097/AOG.0000000000001947
http://dx.doi.org/10.1038/gim.2015.55
https://www.clinicallabs.com.au/patient/our-tests/pregnancy-testing/counsyl/
http://dx.doi.org/10.1017/thg.2014.65
https://www.ivf.com.au/ivf-fees/ivf-costs
https://www.ivf.com.au/ivf-fees/ivf-costs
http://dx.doi.org/10.2147/TACG.S49628
http://dx.doi.org/10.1080/03009734.2016.1218575
http://dx.doi.org/10.1093/eurpub/ckw110
http://dx.doi.org/10.1038/ejhg.2017.74
http://dx.doi.org/10.1038/nature19057
http://dx.doi.org/10.1038/nature15393
http://dx.doi.org/10.1038/gim.2012.114
http://dx.doi.org/10.1111/1552-6909.12764
http://dx.doi.org/10.1017/thg.2012.152
http://dx.doi.org/10.1007/s12687-016-0262-8
http://dx.doi.org/10.1038/gim.2013.125
http://dx.doi.org/10.1038/gim.2017.67
http://dx.doi.org/10.1089/gtmb.2010.0121
http://dx.doi.org/10.1159/000164684
http://dx.doi.org/10.1016/j.fertnstert.2011.11.007
http://dx.doi.org/10.1007/s10897-015-9881-1
http://dx.doi.org/10.1007/s10897-015-9881-1
http://dx.doi.org/10.1007/s10897-017-0074-y
http://dx.doi.org/10.5694/mja13.10202
http://dx.doi.org/10.1146/annurev-genom-090711-163800
http://dx.doi.org/10.1038/ejhg.2014.89
http://dx.doi.org/10.1038/ejhg.2014.89
http://dx.doi.org/10.1159/000276544
http://dx.doi.org/10.1037/0278-6133.20.1.12
http://jmg.bmj.com/

	Measuring the impact of genetic knowledge on intentions and attitudes of the community towards expanded preconception carrier screening
	Abstract
	Introduction
	Methods
	Study design and participant recruitment
	Measures
	Genetic knowledge and prior knowledge of PCS
	Attitudes towards PCS
	Intention to take a PCS test
	Follow-up considerations of PCS
	Confounders

	Data analysis

	Results
	Sociodemographic characteristics
	Intention to take a PCS test and follow-up considerations
	Accepting the test
	Declining the test
	Being unsure about the test

	Level of genetic knowledge among participants
	Factors associated with the intention to take a PCS test
	Sociodemographic factors
	Prior knowledge and genetic knowledge factors
	Attitude factors
	Association between genetic knowledge and attitudes towards PCS


	Discussion
	References


