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1 | INTRODUCTION

With the development of technologies such as whole gen-
ome sequencing, population screening for increasing num-
bers of genetic disorders is now more feasible than ever
before. While many of the genetic disorders for which
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Abstract

Background: Spinal muscular atrophy (SMA) is an inherited neuromuscular dis-
order and a leading genetic cause of infant death worldwide. However, there is no
routine screening program for SMA in the UK. Lack of treatments and the inabil-
ity of screening tests to accurately predict disease severity are among the key rea-
sons implementation of screening has faltered in the UK. With the recent release
of the first therapy for SMA (Nusinersen), calls are being made for a reconsidera-
tion of this stance; however, very little is known about the views of the general
public.

Methods: An online survey was administered to 232 individuals with no prior
relationship with SMA to assess their attitudes toward a newborn screening pro-
gram for it. Results are compared with previously gathered data on the views of
SMA -affected families toward screening.

Results: Eighty-four percent of participants were in favor of newborn screening.
Key reasons for support were a belief that it would lead to better healthcare and
life expectancy for affected infants and facilitate informed decision-making for
future pregnancies. Key reasons for nonsupport were a belief in the potential for
significant negative impact on the family unit in terms of bonding and stress.
Conclusions: Public acceptability is a key component in the evaluation of any
potential screening program in the UK. This study demonstrates that newborn
screening for SMA is viewed largely positively by people unfamiliar with the
condition. The importance of early identification overrode all other social and eth-

ical concerns about screening for the majority of participants.
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screening could be introduced are considered rare, most
have limited treatment options, a substantial impact on
quality of life and unpredictable/variable trajectories (Rose,
2015). Genetic screening for such conditions, it has been
argued, would allow carrier parents the option of avoiding
the birth of an affected child (when carried out
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preconceptually or prenatally), or the timely introduction of
therapies or clinical trial enrollment (when carried out on
newborns). As well as earlier identification, newborn
genetic screening is also associated with what has been ter-
med ‘reproductive benefit’ (Bombard et al., 2009). That is,
through their identification as carriers, parents (as well as
their wider family) will be able to make informed decisions
in relation to any subsequent pregnancies (Botkin & Roth-
well, 2016). Moreover, some newborn genetic screening
programs, for example, that for cystic fibrosis in the UK,
are capable of not only identifying infants who have (or
will develop) cystic fibrosis, but also those infants who are
genetic carriers. Thus, the “reproductive benefit” of new-
born screening may potentially also be conferred on the
screened child.

Despite these possibilities for enhanced reproductive
options and/or treatments, however, the introduction of
newborn genetic screening for rare disorders is still some-
what controversial. This is particularly so when undertaken
through whole genome sequencing techniques which have
the capacity to generate large (and potentially unwieldy)
volumes of data and within which the boundaries between
pathogenic and nonpathogenic findings are not clear (Fried-
man, Goldenberg, Lister, Sénécal, & Vears, 2017). The
presymptomatic genetic testing of children for incurable
and/or late-onset disorders, furthermore, has long been con-
sidered ethically problematic, primarily because the direct
benefits to the child are limited (Schmidt et al., 2012), and
indeed, there can be associated harms. These harms include
the possibility of false positive/negative results, the impact
of the results on the relationship between parent and child,
the loss of disease-free time and anxiety about the future
(Tluczek, Orland, & Cavanagh, 2011). Indeed, asymp-
tomatic children who are diagnosed with a late-onset condi-
tion shortly after birth have been described by
Timmermans & Buchbinder (2010) and Grob (2008) as
existing in “liminal” state: neither fully ill nor fully well,
with varying implications for roles, identities, and (familial)
relationships.

Aside from the implications for the child, ethical con-
cerns have also been raised around the possible limits on
informed consent for expanded newborn genetic screening
programs (Bailey, Skinner, Davis, Whitmarsh, & Powell,
2008; Taylor-Phillips et al., 2014). Members of the general
population approach genetic screening with little/no back-
ground knowledge of the condition for which they, or their
child will be screened, and research has demonstrated that
they are often entirely unprepared for a positive result
(Dankert-Roelse & Meerman, 1995; McClaren, Delatycki,
Collins, Metcalfe, & Aitken, 2008). Indeed, it has been
argued that in an age of expansive genomic screening, that
notions of informed consent may have to be adapted
(Himes et al., 2016; O’Neill, 2001; Rose, 2015).

With these benefits and concerns in mind, this paper
considers the attitudes of members of the general public
toward a potential newborn screening program for spinal
muscular atrophy (SMA), a condition for which newborn
screening is currently being considered, both in the UK
and in the USA. While our previous study outlined the
views of families living with SMA toward newborn screen-
ing (Boardman, Young, & Griffiths, 2017a,b,c), this pre-
sent study contrasts these findings with the views of
members of the general population who have no prior rela-
tionship with the condition. The analysis explores how far
newborn genetic screening is accepted among its intended
recipients, highlighting the degree to which prior knowl-
edge of the condition being screened for is a significant
factor in attitudes.

1.1 | Spinal muscular atrophy and newborn
genetic screening

Spinal muscular atrophy is a neurodegenerative disorder
primarily resulting from the degradation of the alpha motor
neurons which connect the spinal cord, resulting in pro-
gressive proximal muscle weakness (Munsat & Davies,
1992, 1996). Spinal muscular atrophy can be characterized
into different types (I-IV) based on time of onset and
achievement of motor milestones: Type I (severe, onset:
<1 year); Type II (intermediate, onset: 7—18 months); Type
IIT (mild, onset >2 years); and Type IV (mild, adult onset)
(Lunn & Wang, 2008; Wang & Lunn, 2008).

There are currently numerous tests that can be used to
diagnose SMA, including restriction fragment length poly-
morphism, multiplex ligation-dependent probe amplifica-
tion, and quantitative PCR (Ar Rochmah et al., 2017; Kato
et al.,, 2015; Kesari, Mukherjee, & Mittal, 2003; Ogino,
Leonard, Rennert, & Wilson, 2002; Ogino & Wilson,
2002; Xu, Ogino, Lip, Fang, & Wu, 2003). In addition,
there is now a noninvasive prenatal diagnostic analysis that
can diagnose SMA using blood from expecting mothers,
although due to the nature of the analysis, this test can only
be offered to mothers who already have a child diagnosed
with SMA, making it an unsuitable screening tool (Parks
et al., 2017).

As all forms of SMA are caused by mutations in the
telomeric survival motor neuron (SMNI) gene (Lefebvre,
Burglen, Frezal, Munnich, & Melki, 1998; Lefebvre et al.,
1995, 1997), the second copy of SMN (centomeric SMN;
SMN2) is an important disease-modifying gene (Lefebvre
et al., 1995). Indeed, SMN2 copy number has been
described by some researchers as being linked to disease
severity in the majority of cases (with higher numbers of
SMN2 copies being associated with milder pathology),
although this approach has been somewhat controversial,
and criticized for being overly simplistic without
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consideration of potential gene modifiers (Oprea et al.,
2008). In practice, therefore geno- and phenotype data are
taken into consideration when a symptomatic child is diag-
nosed with SMA (Gavrilov, Shi, Das, Gilliam, & Wang,
1998; Wadman et al., 2017; Wirth et al., 2006).

When SMA is diagnosed through a screening program,
however, there are unique challenges. The combined lack
of family history, together with a (potentially) asymp-
tomatic infant may make an accurate prognosis for the
child difficult (Prior et al., 2010). Indeed, a newborn
screening program would lead to the identification of not
only severely affected infants (those with type I SMA who
are unlikely to live past 18 months), but also those who
will go on to develop milder forms of the condition later in
life (Prior et al., 2010: p;. 1613). Given the vast spectrum
of presentations associated with SMA, a clear idea of the
likely course of the disease—and critically, whether the
child is expected to survive infancy—is of paramount
importance to new parents. Inability to provide accurate
information about type was indeed one of the key reasons
that SMA screening was not introduced in the UK after the
last public consultation (Cartwright, 2012).

Spinal muscular atrophy screening is currently in place
in several countries internationally, with Qatar implement-
ing compulsory premarital carrier screening, and countries,
such as Australia and Israel, offering screening as part of
state-subsidized healthcare programs (Boardman et al.,
2017b,c). Newborn screening for SMA has long been
called for within the US; however, efforts to introduce it
have been consistently thwarted by the absence of an effec-
tive therapy, a prerequisite for all new newborn screening
programs (Swoboda, 2010). The licensing of Nusinersen
(Spinraza) at the end of 2016, however, following promis-
ing results of phase I clinical trials (Chiriboga et al., 2017),
dramatically shifted the landscape of SMA newborn screen-
ing. Nusinersen therapy (administered via repeated intrathe-
cal injections) was demonstrated to have a significant
impact on the motor function and survival of type I
affected infants. As it has been demonstrated that Nusin-
ersen therapy is most effective when administered in
presymptomatic children (Bertini, Hwu, Reyna, Farwell, &
De, 2017), the case for the introduction of state-wide new-
born screening to identify infants before they become
symptomatic has been considerably strengthened in recent
months. Indeed, newborn screening for SMA is currently
under review for inclusion on the Federal Newborn Recom-
mended Uniform Screening Panel and in July 2017, Mis-
souri became the first state to mandate SMA newborn
screening. Within the UK, newborn screening for SMA is
considered periodically.

As well as the development of therapies, a small num-
ber of pilot studies have also been undertaken to demon-
strate both the feasibility of a newborn screening program
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for SMA (Prior, 2010a,b,c; Prior et al., 2010), and limited
number of studies have also explored attitudes toward such
screening among parents (Rothwell, Anderson, Swoboda,
Stark, & Botkin, 2013), the general public (Lin et al.,
2016), and also families who live with SMA (Boardman
et al., 2017b; Wood et al., 2014). This paper contributes to
this increasingly important body of literature by exploring
attitudes toward newborn screening for SMA among a
large sample of people (n = 232) from the UK general
population, and offers a comparison with our previous
work with affected families.

2 | METHODS AND MATERIALS

2.1 | SMA screening survey and SMA
newborn screening survey (UK)

The SMA Screening Survey (UK) was developed from
qualitative interview data from interviews with people liv-
ing with SMA or their families, as described elsewhere
(Boardman et al., 2017a,b,c). For this study, questions
regarding newborn screening were selected and reproduced
in a shorter survey (UK NewGenPop Survey). Questions
used to assess the demographics of respondents were either
modified versions of, or directly taken from, questions used
in the 2011 UK Census survey. As participants had no pre-
vious experience with SMA, key information about the
condition, its inheritance and presentation was provided at
the start of the survey. Ethical approval of the survey was
awarded in July 2014 by the Biomedical and Scientific
Research Ethics Committee.

2.2 | Survey distribution

Quantitative data collection was carried out from January
to May 2017. The UK newborn survey was only available
online through the survey platform Qualtrics. Participants
were invited to complete the survey if they were over the
age of 18 and had no relationship with SMA. The survey
was distributed through social networking pages (Face-
book). All participants remained anonymous by distributing
the survey link generated by the Qualtrics platform: (http://
warwick.col.qualtrics.com/jfe/form/SV_d1jLEuyn0o2 hal7).
The link was reusable and was unable to track identifying
information of respondents.

2.3 | Statistical analysis

Basic descriptive analysis was performed to show the per-
centage of respondents associated with each demographic
characteristic. Responses were stratified as follows: gender
(male 1 vs. other 0); age (18-25 years 1 vs. >26 years 0);
qualifications (degree 1 vs. other 0); religion (yes 1 vs.
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other 0). For responses to each question regarding newborn
screening, data were stratified as either strongly agree/agree
(1) or other (0). This allowed all positive views to be
assessed in comparison to those with negative or uncertain
views.

Percentages of respondents that answered either agree
(1) or other (0) to questions regarding newborn screening
were calculated and compared to the responses of people
with SMA and their families using a chi-square test.

Univariate binary logistic regression was performed to
find associations between those that had ‘agree’ responses
to each question regarding newborn screening and those
who stated they would support a newborn genetic screen-
ing program for SMA. This allowed for the effect of each
independent variable to be assessed. For those that had a
significant association, multivariate binary logistic regres-
sion was performed to find questions independently associ-
ated with the test variable. Last, in order to assess bias
among the demographics, forward multivariate binary
logistic regression using the identified main drivers, age,
gender, qualification, and religion as the independent vari-
ables was performed. During the course of the statistical
analysis, any probability value (p value) of <.05 was con-
sidered significant. All statistical analysis was performed
using IBM SPSS Statistics 24 software.

3 | RESULTS

3.1 | Comparative cohort descriptive
characteristics

The total number of respondents to the survey was 232. Of
the 232 participants, the majority were female (69%), aged
between 18 and 25 years of age (40%), educated to degree
level (49%), and had no religious faith (63%). There was
an almost even split of participants that had children and
those that did not (48% and 51.5%, respectively). Only 3%
of respondents were either pregnant or trying to get preg-
nant. All participants had no relationship with SMA
(Table 1).

3.2 | Newborn Genetic Screening

Of the 232 people surveyed, 84% of participants were in
favor of a newborn genetic screening program for SMA
(Table 2). This is significantly higher than the views of
people with SMA and their families where 70% of survey
participants were in favor (p < .001). Most participants
agreed that a newborn screening program would lead to
better support and health care for the child with SMA and
their family, it would help research into treatments by
enabling more children to be enrolled into clinical trials
early on and that it would enable parents to make informed

TABLE 1 Participant demographics

General population

Characteristic (n = 232)
Gender — no. (%)
Male 73 (31)
Female 159 (69)
Age (%)
18-25 years 93 (40)
26-34 years 29 (12.5)
35-45 years 24 (10)
46-55 years 37 (16)
56-65 years 29 (12.5)
>66 years 20 (9)
Religious faith (%)
Yes 74 (32)
No 146 (63)
Prefer not to say 12 (5)
Children (do you have) (%)
Yes 111 (48)
No 120 (51.5)
Prefer not to say 1 (0.5)

decisions about future pregnancies (Table 2). It is impor-
tant to note that 82% of the general population surveyed
agreed that despite the inability to diagnose an SMA type,
it is still important to have a diagnosis at birth (Table 2).

Of the questions asked regarding newborn screening,
there were significant differences in the answers given by the
general population and SMA families in nine of the 12 ques-
tions (Table 2). Arguably the most noticeable difference is
that a significantly larger percentage of the general popula-
tion surveyed agreed that identifying SMA at birth would
make the diagnosis easier for the parents to accept. However,
both groups agreed that identifying SMA at birth (and not in
pregnancy) removes the parents’ ability to make informed
decisions about bringing SMA children into the world, that it
would not interfere with the early bonding process between
parent and child and that it is not unethical to screen newborn
babies for conditions which lack treatments (Table 2). The
overall level of support for newborn genetic screening by the
general population is similar to the overall support for other
methods of SMA screening, namely preconception screening
(86%) and prenatal screening (84%).

3.3 | Why do the general population support
newborn screening for SMA?

Univariate logistic regression shows that participants who
were in support of a newborn genetic screening program
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TABLE 2 A comparison of SMA families and the general population (views on newborn screening)

GenPop UK SMA population

Question (n = 232) (AwS and Families; n = 337)
Q1. Identifying SMA at birth would lead to better support for children and families (%)

Agree 215 (93) 282 (84)

Other 17 (7) 55 (16)
Q2. Identifying SMA at birth would extend life expectancy of SMA children (%)

Agree 118 (51) 127 (38)

Other 114 (49) 210 (62)

Molecular Genetics & Genomic Medicine
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p-value

.001

.001

Q3. Identifying SMA at birth and not during pregnancy removes parents ability to make informed decisions about bringing SMA children into

the world (%)

Agree 145 (63) 192 (57) 18
Other 87 (37) 145 (43)

Q4. Identifying SMA before symptoms emerge will prevent families and children enjoying life while they are symptom-free (%)
Agree 60 (26) 149 (44) <.0001
Other 172 (74) 188 (56)

Q5. Identifying SMA at birth will help research by enabling more children to be enrolled into clinical trials early on (%)
Agree 209 (90) 251 (74) <.0001
Other 23 (10) 86 (26)

Q6. Identification of SMA at birth would interfere with the early bonding process (%)
Agree 30 (13) 50 (15) 52
Other 202 (87) 287 (85)

Q7. Identification of SMA at birth would make the diagnosis easier for parents to accept (%)
Agree 118 (51) 100 (30) <.0001
Other 114 (49) 237 (70)

Q8. Identifying SMA at birth would spare the difficulties associated with finding a diagnosis for a child later on (%)
Agree 185 (80) 222 (66) .0003
Other 47 (20) 115 (34)

Q9. Identifying SMA at birth is important, even if the Type cannot be determined (%)
Agree 191 (82) 225 (67) <.0001
Other 41 (18) 112 (33)

Q10. Identifying SMA at birth is important because it will enable parents to make informed decisions about future pregnancies (%)
Agree 217 (94) 272 (81) <.0001
Other 15 (6) 65 (19)

QI1. It is unethical to screen newborns for conditions that have no effective treatment (%)
Agree 15 (6) 27 (8) 48
Other 217 (94) 310 (92)

Q12. T would support a Newborn screening program for SMA (%)
Agree 196 (84) 236 (70) <.0001
Other 36 (16) 101 (30)

for SMA believe that it will improve health care, extend that having a diagnosis at birth is important even if the par-
the life expectancy of the child, improve research into treat- ticular type of SMA cannot be determined (Table 3). With
ments, spare difficulties associated with finding a diagnosis regard to negative drivers, participants who supported a
later on, and enable parents to make informed decisions newborn screening program did not agree that identifying
about future pregnancies (Table 3). In addition, they agree SMA at birth would prevent enjoyment of life while the
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TABLE 3 Univariate logistic regression showing positive and
negative drivers of newborn screening support in general population

Question Odds ratio (95% CI) p-value
Univariate logistic regression

Q1. Identifying SMA at birth would lead to better support for
children and families
Other Reference <.0001
Agree 7.83 (2.79-22.04)

Q2. Identifying SMA at birth would extend life expectancy of SMA
children

Other Reference .004
Agree 3.19 (1.46-6.97)

Q3. Identifying SMA at birth and not during pregnancy removes
parents ability to make informed decisions about bringing SMA
children into the world

Other Reference .09
Agree 184 (0.90-3.77)

Q4. Identifying SMA before symptoms emerge will prevent families
and children enjoying life while they are symptom-free

Other Reference .001
Agree 0.27 (0.13-0.57)

Q5. Identifying SMA at birth will help research by enabling more
children to be enrolled into clinical trials early on

Other Reference .04
Agree 2.72 (1.03-7.17)

Q6. Identification of SMA at birth would interfere with the early
bonding process

Other Reference .001
Agree 0.24 (0.10-0.57)

Q7. Identification of SMA at birth would make the diagnosis easier
for parents to accept

Other Reference 4
Agree 1.36 (0.66-2.77)

Q8. Identifying SMA at birth would spare the difficulties associated
with finding a diagnosis for a child later on

Other Reference .01
Agree 2.69 (1.24-5.84)

Q9. Identifying SMA at birth is important, even if the Type cannot
be determined
Other Reference <.0001
Agree 5.47 (2.51-11.94)

Q10. Identifying SMA at birth is important because it will enable
parents to make informed decisions about future pregnancies

Other Reference .0002
Agree 7.71 (2.60-22.93)

QI1. It is unethical to screen newborns for conditions that have no
effective treatment

Other Reference .0002
Agree 0.13 (0.04-0.39)

TABLE 4 Multivariate logistic regression showing most
significant positive and negative drivers of newborn screening
support in the general population

Multivariate logistic regression

Question Odds ratio (95% CI)

Q1. Identifying SMA at birth would lead to better support for
children and families

Other Reference
Agree 6.07 (1.79-20.56)

Q6. Identification of SMA at birth would interfere with the early
bonding process

Other Reference .004
Agree 0.24 (0.09-0.63)

p-value

<.0001

Q9. Identifying SMA at birth is important, even if the Type cannot
be determined

Other Reference .01
Agree 3.03 (1.23-7.46)

Q10. Identifying SMA at birth is important because it will enable
parents to make informed decisions about future pregnancies

Other Reference .007
Agree 5.86 (1.61-21.32)

child is still symptom-free and that it would interfere with
the early bonding process between parent and child. In
addition, they did not agree that screening for conditions
which have no effective treatments is unethical (Table 3).

Multivariate logistic regression shows that those who
lent support to newborn genetic screening did so because
they believed it would lead to better support and healthcare
and it would also enable parents to make informed deci-
sions about future pregnancies. In addition, these partici-
pants believed that diagnosis was important even if the
type of SMA could not be determined and they disagreed
that it would interfere with the bonding process between
the parents and the SMA child (Table 4). Inclusion of age,
gender, qualification, and religious beliefs in the multivari-
ate model did not alter the factors identified as indepen-
dently associated with support, demonstrating there is no
bias within the demographics of the respondents.

4 | DISCUSSION

This research was conducted in order to gather the general
population’s views on a newborn screening program for
SMA in order to build on previous research that assessed
their views on carrier screening (Boardman, 2017), and
their contrast with the views of SMA families (Boardman
et al., 2017a,b,c). Together, this research was carried out
with the aim of assessing whether an SMA screening



BOARDMAN ET AL.

105

program would be acceptable to the general population, a
key criterion when assessing the viability and feasibility
of any new screening program in the UK (UK NSC,
2015).

Overall, the survey results demonstrate that 84% of par-
ticipants from the general public were in favor of a new-
born genetic screening program for SMA, in contrast to
70% support among SMA families (Table 3). The key rea-
sons for screening support among the general population
were a belief that it would lead to better support and
healthcare and also that it would enable parents to make
informed decisions about future pregnancies. In addition,
the general public supported the notion that an early SMA
diagnosis is important, irrespective of the ability to diag-
nose the specific type of SMA. This finding is significant
as this limitation of the screening tests was considered a
serious impediment to the introduction of SMA screening
in the UK during the last policy review (Cartwright, 2012).
It is noteworthy, therefore, that this issue was not consid-
ered a fatal flaw within the screening program by either the
general population, or SMA-affected families (Boardman
et al., 2017a,b,c). For both groups, the importance of dis-
covering SMA as early as possible outweighed the value of
an accurate prognosis. In addition, the licensing of the first
therapeutic for SMA in December 2016, Nusinersen,
together with evidence that its efficacy is improved when
administered to presymptomatic children (Bertini et al.,
2017), is likely to further reinforce this viewpoint that ear-
lier identification of the condition is critical.

The two key areas where members of the general popu-
lation differed from SMA-affected families in terms of
screening support related to their acceptance of the diagno-
sis and the perceptions of the treatability of the condition
(Boardman et al., 2017b). Within the general population
sample, for example, there was a near 50/50 split between
those who agreed that identifying SMA at birth would
extend the life expectancy of the child (51% agree, 49%
other), and those who did not. This number is significantly
higher than among SMA families, for whom only 38%
agreed that life expectancy could be extended through early
diagnosis (Boardman et al., 2017b). This difference may
not only highlight the disparity in condition-specific knowl-
edge and experience between the general population and
affected families, but also points to the considerable cul-
tural belief among the general population in the ability of
medical interventions to alleviate, or even cure, chronic
conditions like SMA. SMA families, however, many of
whom had experienced the death of their child from SMA,
or who experienced it as a chronic, untreatable condition
were understandably more skeptical about the notion of
cure (Boardman et al., 2017a) and as such were less likely
to endorse this optimistic view that earlier identification
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and treatment necessarily leads to better outcomes for
SMA children.

Another key area of divergence between the two popu-
lations related to the degree to which newborn screening
was deemed to facilitate diagnosis acceptance. Members of
the general population were considerably more likely to
agree that an early diagnosis would make the condition
easier for parents to accept than SMA families did (Board-
man et al., 2017b). There is conflicting data within the lit-
erature on the impact of a diagnosis when it is received via
a newborn screening program as opposed to after the onset
of clinical symptoms. Some studies suggest that an earlier
diagnosis, through screening, hastens the onset (and conse-
quently the resolution) of parental grief, enabling them to
more quickly come to terms with the condition and what it
means for their family and future (Young & Tattersall,
2007). Other studies, however, have suggested that a diag-
nosis before a child is symptomatic can have a substantial
negative impact on parental reactions. Grob (2008), for
example, has argued that an unanticipated and unsolicited
diagnosis may cause the early months of a child’s life to
become dominated by shock, anxiety and grief, which in
turn interferes with the bonding process between parent
and child (Grob, 2008). This reaction may indeed be exac-
erbated when the expected severity and life expectancy of
the child remain uncertain, and the child may appear to be
well and thriving at the point they are diagnosed with a
serious- and potentially fatal-genetic disorder. Indeed, in
contrast to the general population, data from SMA families
suggests that an SMA diagnosis is a difficult and painful
experience for parents irrespective of when it is delivered
(Boardman, 2010; Lawton, Hickerton, Archibald, McCla-
ren, & Metcalfe, 2015), suggesting that earlier identifica-
tion through newborn screening is unlikely to significantly
reduce this impact.

Despite these two areas of contrast, however, the key
reasons for supporting a newborn screening program
appeared to be largely consistent between the general popu-
lation and SMA families. This highlights that despite con-
trasting vantage points and experiences of the condition,
both groups regarded early identification of SMA as the
most significant benefit of newborn screening, even if an
effective treatment was not available. This conviction
underscores the importance of considering the experiences
and viewpoints of the whole family when assessing the
harms and benefits of newborn screening. For while, early
identification in the absence of treatments may not have
immediate and/or direct benefit to the child, the participants
in this survey highlighted that there may, nevertheless, be
considerable benefits to the family unit, including enhanced
parental adjustment, acceptance of the condition, and future
pregnancy planning.
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When viewed in comparison to other forms of screen-
ing, the general population demonstrated the same level of
support for a prenatal screening program as for a newborn
one (84%). However, preconception screening was overall
the most favored method of screening (86%) (Boardman
et al.,, 2017a,b,c). This is in line with the views of SMA
families who also favored preconception screening (77%),
over prenatal (76%) and newborn screening (70%) (Board-
man et al., 2017b,c). This suggests that although both
groups agree that there are significant benefits to newborn
screening, that the advantages of preconception screening
(the possibility of avoiding the creation or carrying to term
of SMA-affected embryos/fetuses through early carrier
identification) were viewed as more effective in tackling
SMA than those associated with newborn screening, which
instead focuses on treating infants who are already affected
by SMA (Boardman, 2017; Boardman et al., 2017c).

Overall, this study highlights that the majority of the
general population are in favor of newborn screening for
SMA irrespective of the inability to diagnose the child with
a particular type of SMA and despite the limited treatment
options that are available. Newborn screening, unlike pre-
conception and prenatal screening, does not potentially
involve termination of pregnancy and for this reason is the
least controversial screening method for SMA, particularly
in the context of uncertain prognostic information. In addi-
tion, this screening method is the most likely to accelerate
research into treatments by allowing early enrollment onto
clinical trials, which is particularly important for conditions
like SMA where symptom-onset can be very early in life
and the number of treatment options limited.

4.1 | Limitations

Due to the anonymity of the survey link distributed, there
was no way of preventing a respondent from completing the
survey more than once. In addition, a high number of respon-
dents were aged 18-25 years old (40%) and a significantly
higher percentage of women responded to the survey than
men (69% and 31% respectively). However, forward logistic
regression taking into account gender, age, qualifications,
and religion, showed no change in the main drivers behind
support. Therefore, there appears to be no bias among the
demographics of the respondents. Last, the final potential
limitation could be the survey responder’s limited knowledge
of SMA. Although information on SMA was provided at the
start of the survey in order to overcome this, some may argue
that this information was not sufficient enough for the
respondents to have a clear picture of the condition, or an
understanding of what living with the condition on a day-to-
day basis would be like. Similarly, it could be argued that the
general population have not experienced the everyday diffi-
culties associated with the condition and therefore have an

altered perception of SMA which may affect the answers
given. Nevertheless, responders were provided with back-
ground information before starting the survey and were free
to pause the survey while they did their own independent
research. They were then able to continue with the survey
when they were happy they had gathered sufficient back-
ground knowledge of SMA and were therefore able to make
informed decisions in order to answer the questions.

ACKNOWLEDGMENTS

This research was funded by the Economic and Social
Research Council (Grant Number: ES/K002090/1). The
authors acknowledge with gratitude the guidance and sup-
port with recruitment provided by SMA Support UK (for-
merly the Jennifer Trust for SMA) and the UK SMA Patient
Registry. Special thanks go to the families and adults living
with SMA who both advised on, and participated in this
study.

CONFLICT OF INTEREST

All authors Felicity Boardman, Chloe Sadler, and Philip
Young confirm that they have no conflicting interests to
declare.

ORCID

Felicity K. Boardman
6276

http://orcid.org/0000-0002-3268-

REFERENCES

Ar Rochmah, M., Harahap, N. I. F., Niba, E. T. E., Nakanishi, K.,
Awano, H., Morioka, I., ... Shinohara, M. (2017). Genetic screen-
ing of spinal muscular atrophy using a real-time modified COP-
PCR technique with dried blood-spot DNA. Brain Development,
39(9), 774-782. https://doi.org/10.1016/j.braindev.2017.04.015

Bailey, D. B., Skinner, D., Davis, A. M., Whitmarsh, I., & Powell, C.
(2008). Ethical, legal, and social concerns about expanded new-
born screening: Fragile x syndrome as a prototype for emerging
issues. Pediatrics, 121(3), €693—e704. https://doi.org/10.1542/ped
$.2007-0820

Bertini, E., Hwu, P., Reyna, S., Farwell, W., & De, D. (2017). Phase
2 study design of antisense oligonucleotide nusinersen in
presymptomatic infants with spinal muscular atrophy. Neuromus-
cular Disorders, 26(2), S210.

Boardman, F. (2010). The role of experiential knowledge in the repro-
ductive decision making of families genetically at risk: the case of
Spinal Muscular Atrophy, University of Warwick: Department of
Sociology.

Boardman, F. (2017). The role of experiential knowledge within atti-
tudes towards genetic carrier screening: A comparison of people
with and without experience of spinal muscular atrophy. Health
Expectations, 1-11. https://doi.org/10.1111/hex.12602


http://orcid.org/0000-0002-3268-6276
http://orcid.org/0000-0002-3268-6276
http://orcid.org/0000-0002-3268-6276
https://doi.org/10.1016/j.braindev.2017.04.015
https://doi.org/10.1542/peds.2007-0820
https://doi.org/10.1542/peds.2007-0820
https://doi.org/10.1111/hex.12602

BOARDMAN ET AL.

Molecular Genetics & Genomic Medicine_Wl LEY 107

Boardman, F. K., Young, P. J., & Griffiths, F. E. (2017a). Impairment
experiences, identity and attitudes towards genetic screening: The
views of people with spinal muscular atrophy. Journal of Genetic
Counseling, https://doi.org/10.1007/s10897-017-0122-7

Boardman, F. K., Young, P. J., & Griffiths, F. E. (2017b). Newborn
screening for spinal muscular atrophy: The views of affected fami-
lies and adults. American Journal of Medical Genetics, Part A,
173(6), 1546-1561. https://doi.org/10.1002/ajmg.a.38220

Boardman, F. K., Young, P. J., & Griffiths, F. E. (2017c). Population
screening for spinal muscular atrophy: A mixed methods study of
the views of affected families. American Journal of Medical Genet-
ics, Part A, 173(2), 421-434. https://doi.org/10.1002/ajmg.a.38031

Bombard, Y., Miller, F., Hayeems, R., Avard, D., Knoppers, B., Cor-
nel, M., & Borry, P. (2009). The expansion of newborn screening:
Is reproductive benefit an appropriate pursuit?. Nature Review
Genetics, 10, 666—667. https://doi.org/10.1038/nrg2666

Botkin, J. R., & Rothwell, E. (2016). Whole genome sequencing and
newborn screening. Current Genetic Medicine Reports, 4(1), 1-6.

Cartwright, S. (2012). An Evaluation of Carrier Screening for Spinal Mus-
cular Atrophy Against the National Screening Committee Criteria.

Chiriboga, C., Swoboda, K., Darras, B., lannaccone, S., Montes, J.,
De Vivo, D., ... Bishop, K. (2017). Results from a phase 1 study
of nusinersen (ISIS-SMNg,) in children with spinal muscular atro-
phy. Neurology, 86(10), 890-897.

Dankert-Roelse, J., & Meerman, G. (1995). Long term prognosis of
patients with cystic fibrosis in relation to early detection by neona-
tal screening and treatment in a cystic fibrosis centre. Thorax, 50
(7), 705-706.

Friedman, J., Goldenberg, A., Lister, K., Sénécal, K., & Vears, D.,
the Global Alliance for Genomics and Health Regulatory and
Ethics Working Group Paediatric Task Team. (2017). Genomic
newborn screening: Public health policy considerations and rec-
ommendations. BMC Medical Genomics, 10, 9. https://doi.org/10.
1186/s12920-017-0247-4

Gavrilov, D. K., Shi, X., Das, K., Gilliam, T. C., & Wang, C. H.
(1998). Differential SMN2 expression associated with SMA sever-
ity. Nature Genetics, 20(3), 230-231.

Grob, R. (2008). Is my sick child healthy? Is my healthy child sick?
Changing parental experiences of cystic fibrosis in the age of
expanded newborn screening. Social Science & Medicine, 67(7),
1056—-1064. https://doi.org/10.1016/j.socscimed.2008.06.003

Himes, P., Kauffman, T., Muessig, K., Amedndola, L., Berg, J.,
Dorschner, M., ... Goddard, K. (2016). Genome sequencing and
carrier testing: Decisions on categorization and whether to disclose
results of carrier testing. Genetics in Medicine, 19(7), 803-808.
https://doi.org/10.1038/gim.2016.198

Kato, N., Sa’Adah, N., Ar Rochmah, M., Harahap, N. 1., Nurputra,
D. K., Sato, H., ... Takeuchi, A. (2015). MA screening system
using dried blood spots on filter paper: Application of COP-PCR
to the SMN1 deletion test. Kobe Journal of Medical Sciences, 60
(4), E78-E85.

Kesari, A., Mukherjee, M., & Mittal, B. (2003). Mutation analysis in
spinal muscular atrophy using allele-specific polymerase chain
reaction. Indian Journal of Biochemistry and Biophysics, 40(6),
439-441.

Lawton, S., Hickerton, C., Archibald, A., McClaren, B., & Metcalfe,
S. (2015). A mixed methods exploration of families’ experiences
of the diagnosis of childhood spinal muscular atrophy. European
Journal of Human Genetics, 23(5), 575-580.

Open Access,

Lefebvre, S., Burglen, L., Frezal, J., Munnich, A., & Melki, J. (1998).
The role of the SMN gene in proximal spinal muscular atrophy.
Human Molecular Genetics, 7(10), 1531-1536. https://doi.org/10.
1093/hmg/7.10.1531

Lefebvre, S., Burglen, L., Reboullet, S., Clermont, O., Burlet, P.,
Viollet, L., ... Judith, M. (1995). Identification and characteriza-
tion of a spinal muscular atrophy-determining gene. Cell, 80(1),
155-165. https://doi.org/10.1016/0092-8674(95)90460-3

Lefebvre, S., Burlet, P., Liu, Q., Bertrandy, S., Clermont, O., Mun-
nich, A., ... Melki, J. (1997). Correlation between severity and
SMN protein level in spinal muscular atrophy. Nature Genetics,
16(3), 265-269. https://doi.org/10.1038/ng0797-265

Lin, T. L., Chen, T. H., Hsu, Y. Y., Cheng, Y. H., Juang, B. T., &
Jong, Y. J. (2016). Selective neuromuscular denervation in tai-
wanese severe SMA mouse can be reversed by morpholino anti-
sense oligonucleotides. PLoS ONE, 11(4), e0154723. https://doi.
org/10.1371/journal.pone.0154723

Lunn, M. R., & Wang, C. H. (2008). Spinal muscular atrophy. Lancet,
371(9630), 2120-2133. https://doi.org/10.1016/S0140-6736(08)
60921-6

McClaren, B., Delatycki, M., Collins, V., Metcalfe, S., & Aitken, M.
(2008). ‘It’s not in my world’: An exploration or attitudes and
influences associated with cystic fibrosis carrier screening. Euro-
pean Journal Human Genetics, 16(4), 434-444.

Munsat, T. L., & Davies, K. E. (1992). International SMA consortium
meeting. (26-28 June 1992, Bonn, Germany). Neuromuscular
Disorders, 2(5-6), 423—428. https://doi.org/10.1016/S0960-8966(06)
80015-5

Munsat, T., & Davies, K. (1996). Spinal muscular atrophy. 32nd
ENMC International Workshop. Naarden, The Netherlands, 10-12
March 1995. Neuromuscular Disorders, 6(2), 125—127. https://doi.
org/10.1016/0960-8966(95)00032-1

Ogino, S., Leonard, D. G., Rennert, H., & Wilson, R. B. (2002).
Spinal muscular atrophy genetic testing experience at an academic
medical center. The Journal of Molecular Diagnostics, 4(1), 53—
58. https://doi.org/10.1016/S1525-1578(10)60680-0

Ogino, S., & Wilson, R. B. (2002). Genetic testing and risk assess-
ment for spinal muscular atrophy (SMA). Human Genetics, 111
(6), 477-500. https://doi.org/10.1007/s00439-002-0828-x

O’Neill, O. (2001). Informed consent and genetic information. Studies
in History and Philosophy of Science, Part C, 32(4), 689-704.
https://doi.org/10.1016/S1369-8486(01)00026-7

Oprea, G., Krober, S., McWhorter, M., Rossoll, W., Miiller, S.,
Krawczak, M., ... Wirth, B. (2008). Plastin 3 is a protective mod-
ifier of autosomal recessive spinal muscular atrophy. Science, 320
(5875), 524-527. https://doi.org/10.1126/science.1155085

Parks, M., Court, S., Bowns, B., Cleary, S., Clokie, S., Hewitt, J., ...
Allen, S. (2017). Non-invasive prenatal diagnosis of spinal muscular
atrophy by relative haplotype dosage. European Journal of Human
Genetics, 25(4), 416422 https://doi.org/10.1038/ejhg.2016.195

Prior, T. W. (2010a). Perspectives and diagnostic considerations in
spinal muscular atrophy. Genetics in Medicine, 12(3), 145-152.
https://doi.org/10.1097/GIM.0b013e3181c5e713

Prior, T. W. (2010b). Spinal muscular atrophy: A time for screening.
Current Opions in Pediatrics, 22(6), 696-702. https://doi.org/10.
1097/MOP.0b013e32833f3046

Prior, T. W. (2010c). Spinal muscular atrophy: Newborn and carrier
screening. Obstetrics & Gynecology Clinics of North America, 37(1),
23-36. https://doi.org/10.1016/j.0g¢.2010.03.001


https://doi.org/10.1007/s10897-017-0122-7
https://doi.org/10.1002/ajmg.a.38220
https://doi.org/10.1002/ajmg.a.38031
https://doi.org/10.1038/nrg2666
https://doi.org/10.1186/s12920-017-0247-4
https://doi.org/10.1186/s12920-017-0247-4
https://doi.org/10.1016/j.socscimed.2008.06.003
https://doi.org/10.1038/gim.2016.198
https://doi.org/10.1093/hmg/7.10.1531
https://doi.org/10.1093/hmg/7.10.1531
https://doi.org/10.1016/0092-8674(95)90460-3
https://doi.org/10.1038/ng0797-265
https://doi.org/10.1371/journal.pone.0154723
https://doi.org/10.1371/journal.pone.0154723
https://doi.org/10.1016/S0140-6736(08)60921-6
https://doi.org/10.1016/S0140-6736(08)60921-6
https://doi.org/10.1016/S0960-8966(06)80015-5
https://doi.org/10.1016/S0960-8966(06)80015-5
https://doi.org/10.1016/0960-8966(95)00032-1
https://doi.org/10.1016/0960-8966(95)00032-1
https://doi.org/10.1016/S1525-1578(10)60680-0
https://doi.org/10.1007/s00439-002-0828-x
https://doi.org/10.1016/S1369-8486(01)00026-7
https://doi.org/10.1126/science.1155085
https://doi.org/10.1038/ejhg.2016.195
https://doi.org/10.1097/GIM.0b013e3181c5e713
https://doi.org/10.1097/MOP.0b013e32833f3046
https://doi.org/10.1097/MOP.0b013e32833f3046
https://doi.org/10.1016/j.ogc.2010.03.001

108 WI LEy_Molecular Genetics & Genomic Medicine

BOARDMAN ET AL.

Open Access,

Prior, T. W., Snyder, P. J., Rink, B. D., Pearl, D. K., Pyatt, R. E.,
Mihal, D. C., ... Garner, S. (2010). Newborn and carrier screen-
ing for spinal muscular atrophy. American Journal of medical
Genetics Part A, 152A(7), 1608-1616. https://doi.org/10.1002/
ajmg.a.33474

Rose, N. (2015). Expanded carrier screening: Too much of a good
thing? Prenatal Diagnosis, 35, 936-937. https://doi.org/10.1002/
pd.4638

Rothwell, E., Anderson, R. A., Swoboda, K. J., Stark, L., & Botkin,
J. R. (2013). Public attitudes regarding a pilot study of newborn
screening for spinal muscular atrophy. American Journal of Medi-
cal Genetics Part A, 161A(4), 679—686. https://doi.org/10.1002/
ajmg.a.35756

Schmidt, J. L., Castellanos-Brown, K., Childress, S., Bonhomme, N.,
Oktay, J. S., Terry, S. F., ... Greene, C. (2012). The impact of
false-positive newborn screening results on families: A qualitative
study. Genetics in Medicine, 14(1), 76-80. https://doi.org/10.1038/
gim.2011.5

Swoboda, K. J. (2010). Seize the day: Newborn screening for SMA.
American Journal of Medical Genetics, Part A, 152A, 1605-1607.
https://doi.org/10.1002/ajmg.a.33519

Taylor-Phillips, S., Boardman, F., Seedat, F., Hipwell, A., Gale, N.,
Clarke, A., ... Clarke, A. (2014). The Ethical, Social and Legal Issues
with Expanding the Newborn Blood Spot Test. Retrieved from
https://legacyscreening.phe.org.uk/policydb_download.php?doc=763f

Timmermans, S., & Buchbinder, M. (2010). Patients-in-waiting: living
between sickness and health in the genomics era. Journal of
Health and Social Behaviour, 51(4), 408—423.

Tluczek, A., Orland, K. M., & Cavanagh, L. (2011). Psychosocial
consequences of false-positive newborn screens for cystic fibrosis.
Qualitative Health Research, 21(2), 174—186. https://doi.org/10.
1177/1049732310382919

UK National Screening Committee (2015). Criteria for appraising
the viability, effectiveness and appropriateness of a screening
programme, https://www.gov.uk/government/publications/evidence-
review-criteria-national-screening-programmes. Accessed Novem-
ber 10, 2017.

Wadman, R. I, Stam, M., Gijzen, M., Lemmink, H. H., Snoeck, L
N., Wijngaarde, C. A., ... van der Pol, W. L. (2017). Association
of motor milestones, SMN2 copy and outcome in spinal muscular
atrophy types 0-4. Journal of Neurology, Neurosurgy & Psychia-
try, 88(4), 365-367. https://doi.org/10.1136/jnnp-2016-314292

Wang, C. H., & Lunn, M. R. (2008). Spinal muscular atrophy:
Advances in research and consensus on care of patients. Current
Treatment Options in Neurology, 10(6), 420—428. https://doi.org/
10.1007/s11940-008-0044-7

Wirth, B., Brichta, L., Schrank, B., Lochmuller, H., Blick, S., Baas-
ner, A., & Heller, R. (2006). Mildly affected patients with spinal
muscular atrophy are partially protected by an increased SMN2
copy number. Human Genetics, 119(4), 422-428. https://doi.org/
10.1007/s00439-006-0156-7

Wood, M., Hughes, S., Hache, L., Haylor, E., Abdel-Hamid, H., Bar-
mada, M., ... Clemens, P. (2014). Parental attitudes toward new-
born screening for Duchenne/Becker muscular dystrophy and
spinal muscular atrophy. Muscle and Nerve, 49(6), 822-828.
https://doi.org/10.1002/mus.24100

Xu, R., Ogino, S., Lip, V., Fang, H., & Wu, B. L. (2003). Compar-
ison of PCR-RFLP with allele-specific PCR in genetic testing for
spinal muscular atrophy. Genetic Testing, 7(4), 277-281. https://d
0i.org/10.1089/109065703322783626

Young, A., & Tattersall, H. (2007). Universal newborn hearing
screening and early identification of deafness: Parents’ responses
to knowing early and their expectations of child communication
development. Deaf Studies and Deaf Education, 12(2), 209-220.
https://doi.org/10.1093/deafed/enl033

How to cite this article: Boardman FK, Sadler C,
Young PJ. Newborn genetic screening for spinal
muscular atrophy in the UK: The views of the
general population. Mol Genet Genomic Med.
2018;6:99-108. https://doi.org/10.1002/mgg3.353



https://doi.org/10.1002/ajmg.a.33474
https://doi.org/10.1002/ajmg.a.33474
https://doi.org/10.1002/pd.4638
https://doi.org/10.1002/pd.4638
https://doi.org/10.1002/ajmg.a.35756
https://doi.org/10.1002/ajmg.a.35756
https://doi.org/10.1038/gim.2011.5
https://doi.org/10.1038/gim.2011.5
https://doi.org/10.1002/ajmg.a.33519
https://legacyscreening.phe.org.uk/policydb_download.php?doc=763f
https://doi.org/10.1177/1049732310382919
https://doi.org/10.1177/1049732310382919
https://www.gov.uk/government/publications/evidence-review-criteria-national-screening-programmes
https://www.gov.uk/government/publications/evidence-review-criteria-national-screening-programmes
https://doi.org/10.1136/jnnp-2016-314292
https://doi.org/10.1007/s11940-008-0044-7
https://doi.org/10.1007/s11940-008-0044-7
https://doi.org/10.1007/s00439-006-0156-7
https://doi.org/10.1007/s00439-006-0156-7
https://doi.org/10.1002/mus.24100
https://doi.org/10.1089/109065703322783626
https://doi.org/10.1089/109065703322783626
https://doi.org/10.1093/deafed/enl033
https://doi.org/10.1002/mgg3.353

