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ABSTRACT

Introduction and aim. Newborn blood spot screening (NBS) uses genetic technology to screen for selected genetic, endocrine,
and metabolic disorders. The purpose of the study was to assess the knowledge of newborn blood spot genetic screening

among expectant mothers.

Material and methods. Between October 2015 and January 2016, a 20 question, multiple-choice questionnaire was adminis-
tered to expectant mothers presenting for a pre-natal ultrasound at the Maternal Fetal Care Center in Milwaukee, Wisconsin

Froedtert Hospital. Statistical analysis used Chi-Square or Fisher’s exact test for categorical variables.

Results. 103 women completed the survey; 34% believed that education regarding screening is incomplete and 39% believed

that it needs improvement. 27% knew the purpose of newborn screening.

Conclusion. Many mothers lack general and specific knowledge about NBS and the diseases screened for. Health education

that provides accurate and complete information on the newborn blood spot screening should be provided to all parents prior
to the administering of any genetic testing. Key areas that should be targeted include: purpose of NBS, screened diseases and

how to interpret the results of the test.
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Introduction

Newborn screening is the most widely used form of ge-
netic technology. Newborn screenings uses a few drops
of blood from the newborn’s heel to screen for the pres-
ence of genetic, endocrine, and metabolic disorders.
These screening tests identify infants at increased risk
for selected genetic disorders, allowing for diagnoses
and treatment to occur after follow-up tests. Currently
in the United States, screening tests are mandated and
are available for over 60 different disorders.'” The bene-
fits of such testing include early intervention and appro-
priate management to prevent intellectual and physical
disabilities As NBS is mandatory, targets large popula-

tions, and offers preventative interventions. The wide-
spread adoption of NBS, albeit beneficial, also poses a
question of informed decision making.>?

The paternalistic nature of medicine often overshad-
ows patient autonomy. When this happens, patients are
denied the ability to make informed decisions for them-
selves. In this modern era of medicine, with advanced
technologies developing each day, a discussion of in-
formed consent is crucial. It is notable that a report by
the Committee for the Study of Inborn Errors of Metab-
olism of the National Academy of Sciences recommend-
ed that “participation in a genetic screening program
should not be made mandatory by law, but should be
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left to the discretion of the person tested or, if a minor,
of the parents or legal guardian”* Physicians must pres-
ent information accurately and sensitively, including the
diagnosis, the nature and purpose of the recommend-
ed interventions, and the burdens, risks and benefits of
all options including no treatment. Informed consent
for newborn screening should involve the discussion of
guidelines established by the American College of Ob-
stetricians and Gynecologists and the Royal College of
Paediatric and Child Health’ that require information
on the condition for which the test is being offered, pur-
pose of the test, likelihood of positive and negative re-
sults, possibility of false positive and false negatives, and
the risks and implications of test results.*”

Literature concerning NBS suggests that there is
a discrepancy in the informed consent process be-
tween healthcare professionals and parents.®'° Parents
report that they feel that although screening is a rou-
tine test, they are not aware they even have a choice in
the matter."

Despite efforts to decrease the knowledge gap be-
tween healthcare professionals and expectant and new
mothers, a gap remains.'? Healthcare professionals may
not be providing consistent and reliable information to
parents regarding newborn screening, which affects pa-
tient decision-making and informed consent. Informed
consent creates an open dialogue between patient and
provider. It allows patients to take an active role in their
health care by providing autonomy and allows for trust
in the health care relationship.

This study sought to investigate the current under-
standing of newborn screening among expectant moth-
ers. We hypothesize that there is a lack of knowledge
among mothers regarding newborn screening. The re-
sults of the study will help develop targeted health ed-
ucation for expectant mothers whose children are
undergoing NBS so that they can be fully informed of
the process.

Aim

The purpose of the study was to assess the knowledge of
newborn blood spot genetic screening among expect-
ant mothers.

Material and methods
Design
Cross-sectional descriptive study was used.

Ethical approval

The authors declare that the research was carried out in
accordance with the Declaration of Helsinki of 1964 and
its last revision of 2013. This study was approved by the
Medical College of Wisconsin IRB as well as the Office
of Clinical Research and Innovative Care Compliance
(1/06/2015). All patients enrolled in the study were in-

formed of the aims and intentions of the study, that their
participation was anonymous and voluntary.

Data collection

Data were collected between October 2015 and January
2016, 103 expectant mothers were approached for en-
rollment during their outpatient visits in the Maternal
and Fetal Care Center in Milwaukee, Wisconsin Froed-
tert Hospital. Inclusion criteria included: pregnant
women of legal age who speak and read English. Mem-
bers of the study team as well as ultrasound technolo-
gists approached women who met inclusion criteria to
participate in the study.

Expectant mothers were approached during a wait-
ing period while in the ultrasound suites of the Maternal
and Fetal Care Center. Participants received the ques-
tionnaire, which included an informational cover letter
stating the purpose of the study, the voluntary nature of
their participation, a description of the procedures, and
a statement assuring their anonymity.

Twenty questions multiple choice survey collect-
ed quantitative information regarding the patients’ ex-
periences with newborn screening and the informed
consent process in an urban hospital in Milwaukee,
Wisconsin. It was developed by the last author. Partici-
pants were encouraged to answer all questions and were
also allowed to leave answers blank if they did not know
the answer. The survey took approximately 10 minutes
to complete and was collected soon after completion.
Participants were allowed to leave answers blank if they
did not know the answer. Blank answers and multiple
answers for certain questions about facts of NBS were
counted as incorrect.

The questionnaire asked about basic facts about
newborn screening, perceptions of informed consent,
experiences of obtaining medical knowledge, and moth-
ers’ general opinions regarding newborn screening. De-
mographic information including age, parity, education
level, and residence were also included on the question-
naire.

Statistical analysis

Analysis included Chi-Square or Fisher’s exact test for
categorical variables. Univariate analyses were used for
continuous variables, and only complete data were used.
All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, North Carolina) software.
And p=<0.05 was considered significant.

Results

A total of 103 expectant mothers completed the ques-
tionnaire. The response rate for this study was 100%.
The average age was 29 years, with a range of 18 to 33
years. The majority of women (68%) had a college edu-
cation or higher (Table 1).
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Table 1. Survey sample characteristics (n=103)

Item n %
Age

18-25 29 39%
26-30 17 23%
31-35 32 27%
>35 8 1%
Level of eduction

Elementary School 0 0%
Less than High School 1 1%
Completed High School 28 28.3%
College or Higher 70 70.7%
Place of Residence

Urban 87 87.9%
Rural 12 121%
Number of Children

0 18 18%
1 33 33%
2 29 29%
3 13 13%
44 7 7%

Table 2. Knowledge of mothers on newborn blood spot

screening

Purpose of Newborn Screening n %
Diagnosis of disease 41 40.59
Confirmation of the possibility of disease 27 26.73
in children in the future

Confirmation of carriers of certain diseases in children 29 28.71
Combination of answers 4 3.96
Total 101 100
Necessity of Screening n %
Necessary 83 80.58
Not Necessary 4 3.88
No Opinion 16 15.53
Total 103 100
Knowledge of which diseases are screened n %
Yes-Detailed 18 17.65
Yes-Incomplete 45 44.12
No 39 38.24
Total 102 100
Medical knowledge of diseases that are screened n %
Yes-Detailed 18 17.82
Yes-Incomplete 4 40.59
No 42 41.58
Total 101 100
Source of Knowledge n %
Internet 8 12.12
Medical Staff 28 4.42
Books, Magazines 5 7.58
Family, Friends 3 455
Other 9 13.64
Combination of answers 13 19.72
Total 66 100
When does NBS occur? n %
24 hours after birth 76 75.25
Day 2 14 13.86
Between 4-6 days 9 8.91

Combination of answers 2 1.98
Total 101 100
Do you think there is a need for consent? n %
Yes 66 64.71
No 17 16.67
I don’t know 19 18.63
Total 102 100
When did you learn about NBS? n %
Before Current Pregnancy 37 38.14
During Current Pregnancy 55 56.70
After birth 5 5.15
Total 97 100
Has your child already had screening? n %
Yes 31 30.10
No 53 51.46
I don’t know 19 18.45
Total 103 100
IfYES, did you give consent? n %
Yes 29 61.70
No 7 14.89
| don’t remember n 23.40
Total 47 100
Did you have enough time to make a decision? n %
Yes 50 86.21
No 8 13.79
Total 58 100
Did you receive information on the collection proce- n %
dure?

Yes - Detailed 15 15.15
Yes - Incomplete 16 16.16
No information 68 68.69
Total 99 100
Did you receive information on when and how the n %
results are interpreted?

Yes 23 3.3
No 76 76.77
Total 99 100
Is education for newborn screening sufficient? n %
Sufficient 24 25.53
Incomplete 32 34.04
Needs improvement 37 39.36
Combination of answers 1 1.06
Total 123 100
Preferred Method of Receiving Information n %
Internet 6 6
Medical Staff 80 80
Books, Magazines 3 3
Family, Friends 1 1
Other 14 14
Total 100 100

As shown in Table 2, many women did not know
the purpose of newborn screening, with only 26.73% of
women correctly answering that it was a confirmation
of the possibility of a disease. 38.24% of women also re-
ported having no knowledge of what diseases were
screened with only 17.65% of women having detailed
knowledge. Many women received no information on
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the process of newborn screening (68.69%) as well as
when and how the results will be interpreted (76.77%).
Presented with the question on whether education for
women on newborn screening is sufficient, only 25.53%
say it is sufficient, with 34% reporting that education is in-
complete and the other 39.36% reporting that the current
education needs improvement. The majority of moth-
ers (80%) also report their preferred method of receiving
medical knowledge would be through medical staft with
only 6% preferring the Internet for their source.
Analyses demonstrated that the effect of demo-
graphics or age does not influence correct answers. There
is also no statistically significant difference in number of
correct answers between rural and urban mothers.

Discussion

Our findings indicate that the majority of women be-
lieve that newborn screening is mandatory, yet educa-
tion regarding newborn screening to be insufficient.
Although the majority of women do have knowledge
about the diseases that are screened for, their perception
of their knowledge is often incomplete and lacking. The
majority of women also incorrectly answered fact, based
questions on newborn screening such as purpose of the
test and methods of collection. The questionnaires also
addressed sources of knowledge and preferred sources
on knowledge in order to gauge potential points of in-
tervention. The two most highly desired sources were
medical staff and the Internet.

It is evident through these findings that there is still
a knowledge gap regarding what patients know about
newborn screening and how they understand the in-
formed consent process. This study shows that educa-
tion on newborn screening is lacking and as such, the
informed consent process is incomplete. Patients are not
receiving adequate medical knowledge for an important
genetic test such as newborn screening. This study also
presents us with an insight into the mothers’ perceived
understanding of newborn screening as well as a point
of intervention in terms of current education.

Perhaps two of the most important discoveries in
this study were the current method of receiving infor-
mation among mothers, and their preferred method of
receiving information. These data relate to informed
choice stemming from education that should be given
by the healthcare provider during the current pregnan-
cy. The education can be in a written form but should
also be communicated directly to the patient by the
healthcare provider. Many of the women were divided
between medical staff and the Internet, in terms of re-
ceiving knowledge about newborn screening. Ideally,
the percentage of mothers receiving information from
medical staff should be higher. Studies have shown
that written information regarding screenings do not
provide substantial informed choices.!' Rather, infor-

mation given by health care professionals was more
beneficial.’

It has been shown that parental knowledge regard-
ing newborn screening as well as other genetic testing
such as prenatal testing is often low and incomplete.'®
The results of this study are consistent with earlier stud-
ies. General knowledge about testing is lacking, as well
as knowledge about which diseases are screened for and
knowledge about those specific diseases.'**' Regarding
the demographics of the women surveyed, there was no
significant difference in knowledge across ages or place of
residence. This shows that healthcare professionals should
be wary of assuming that older women, or women who
live in cities as opposed to rural areas, know more about
newborn screening than their counterparts. The signifi-
cantly lower understanding of newborn screening among
women with lower education levels shows that healthcare
providers should also take into consideration and address
health literacy gaps. At the same time healthcare provid-
ers should not assume that women with higher education
necessarily have more knowledge on newborn screening.
The findings from the study also show a roughly equal
distribution of when knowledge about newborn screen-
ing was obtained: before the current pregnancy, during
the current pregnancy, and after delivery. Previous studies
have shown that parents prefer information in the prena-
tal period.”»# This fact, taken with the results of the study,
could provide an opportunity to intervene and present rel-
evant information regarding newborn blood spot screen-
ing early on in order to give mothers the most informed
choice. Providing information during the prenatal period
as opposed to postnatal allows time for mothers to devel-
op and ask questions and gain a better understanding of a
quick yet important diagnostic tool.

In light of these results, the limitations of this study
should also be taken into consideration. Participants
may not feel comfortable providing honest answers if
they perceived their knowledge to be inadequate or their
answers to be incorrect, which would affect the reliabili-
ty of the survey data. Participants might also have an un-
clear understanding of the questions, which would lead
to inaccurate answers.

With an understanding of the lack of knowledge
that mothers have regarding newborn screening, there
can be an educational intervention during prenatal
care. In order to provide better knowledge to mothers
about newborn screening and in a grander sense other
tests or procedures, health care providers must be dil-
igent in providing accurate and timely information to
all patients, regardless of education level, age, or other
demographic factors. In addition to advising healthcare
providers about conveying newborn screening infor-
mation to patients, perhaps more accurate and easi-
ly accessible material on the Internet would beneficial
to patients. Key areas that should be targeted include:
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purpose of NBS, screened diseases and how to interpret
the results of the test. These next steps will promote in-
formed consent among mothers in regards to newborn
blood spot screening.

Conclusion

Many mothers lack general and specific knowledge
about NBS and the diseases screened for. Health educa-
tion that provides accurate and complete information on
the newborn blood spot screening should be provided
to all parents prior to the administering of any genetic
testing. Key areas that should be targeted include: pur-
pose of NBS, screened diseases and how to interpret the
results of the test.
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