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Abstract
Background and Objectives—Policies for genetic testing in children (GTIC) focus on
medical or psychosocial benefit to the child, discouraging or prohibiting carrier testing, and
advising caution regarding pre-symptomatic diagnosis if no treatment exists. This study sought to
understand parents’ perspectives on these issues and determine their experiences and knowledge
related to genetic testing for Batten disease – a set of inherited neurodegenerative diseases of
childhood onset for which no disease modifying therapies yet exist.

Methods—Parents of children with Batten disease completed a survey of their knowledge of
genetics, experience with genetic testing, and opinions regarding GTIC.

Results—54% had sought genetic testing for non-affected family members, including predictive
diagnosis of healthy, at-risk children. Participation in any genetic counseling was associated with
greater knowledge on questions about genetics. The majority of parents felt it was better to know
ahead of time that a child would develop Batten disease, believed that this knowledge would not
alter how they related to their child, and that parents should have the final say in deciding whether
to obtain GTIC.
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Conclusions—Parents of children with an inherited disease are knowledgeable about genetics
and wish to establish predictive or carrier status of at-risk children.
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1. Introduction
The neuronal ceroid lipofuscinoses (NCLs; Batten disease) are rare lysosomal storage
diseases with distinct genetic etiologies but overlapping clinical features of vision loss,
motor decline, seizures, dementia, and premature death. Collectively, Batten disease variants
have an estimated birth incidence ranging from 1 to 7: 100,000 [1]. Excluding the adult-
onset, autosomal-dominant Parry disease (CLN4), these are autosomal-recessive, childhood-
onset conditions. The NCL Database contains a list of known disease-causing mutations:
http://www.ucl.ac.uk/ncl/mutation.shtml [2].

For autosomal recessive forms of Batten disease, carrier genetic testing establishes whether
an individual carries one copy of a Batten-causing mutation. Carrier status poses no known
health risks but may inform reproductive health choices. Predictive genetic testing
establishes whether a currently healthy child will phenoconvert to symptomatic Batten
disease. With no disease-modifying treatments yet available for any Batten diagnosis,
predictive diagnosis confers no therapeutic or preventive benefits. For Batten disease
variants, non-genetic tests such as enzyme analysis and electron microscopy can aid in
diagnosis of symptomatic children, though genetic testing is generally considered definitive.
The utility of various genetic and non-genetic diagnostic methods and a set of diagnostic
algorithms, are described on the NCL Database website [2].

Although parents of Batten-affected individuals may wish to know if their other children are
carriers or will phenoconvert, this desire may contrast with established policies. For
example, the current joint policy statement of the American Academy of Pediatrics and
American College of Medical Genetics (AAP/ACMG) advises against carrier testing “when
carrier status has no medical relevance” for children (p. 236) [3, 4]. Similarly, the European
Society of Human Genetics (ESHG) discourages carrier testing until children are sufficiently
mature to consent to the genetic test, and suggests parents understand the risk of an
incidental carrier test finding in a child [5]. Regarding predictive diagnosis, the ESHG notes
this testing carries “both benefits and risks”, with “psychological or social benefit” (p. 721)
possible reasons to proceed with pre-symptomatic diagnostic testing. [5, 6]. The joint AAP/
ACMG statement does not explicitly address childhood-onset conditions that lack disease-
modifying treatments, but broadly states, “parents may authorize predictive genetic testing
for asymptomatic children at risk of childhood-onset conditions” (p. 621) [4]. The AAP/
ACMG also recommend proceeding with caution because of potential medical or
psychosocial risk to the patient and family, and suggests obtaining child assent, if possible.
Of note, all childhood forms of Batten disease have onset at an age (from infancy to about 7
years old) when children may still lack maturity to provide assent. By contrast, Batten
carrier testing can be safely deferred until sufficient maturity is attained for an informed
consent process. Finally, the Institute of Medicine (IOM) only recommends predictive
diagnostic testing when “an effective curative or preventive treatment [exists] that must be
instituted early in life to achieve maximum benefit” (p. 10) [7].

Except for the IOM policy, there is a trend towards supporting predictive diagnostic GTIC
for either medical or psychosocial benefit. Even so, there are disparities among published
guidelines regarding what constitutes a child’s best interests, including whether these extend
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to the parents’ own state of mind [8]. Ross [9] suggests that each family, referencing its
personal values, will assess whether psychosocial benefits outweigh psychosocial risks of
such testing. She also emphasizes the importance of genetic counseling so parents
understand risks and benefits of testing. The joint AAP/ACMG statement similarly notes,
“genetic testing is best offered in the context of genetic counseling” [4] (p. 621) and the
ESHG requires genetic counseling for GTIC in asymptomatic children. [5].

Actual lab practices regarding predictive and carrier GTIC vary considerably. Wertz &
Reilly [10] surveyed 105 clinical labs and found only 25 with clear policies against
predictive testing for untreatable conditions. Others lacked policies altogether or were more
flexible, e.g., case-by-case determinations, refusing predictive testing selected diagnoses
(e.g., HD), only providing carrier testing, or requiring genetic counseling. A more recent
international survey of clinical geneticists focused on predictive GTIC for untreatable, adult-
onset conditions [11]. Only 12% of participants had participated in such testing, citing
reasons such as: psychosocial benefit to the family, and enabling families to plan ahead.
Over half (53%) had refused to do so, citing reasons such as: no medical benefit, potential
harm, policy compliance, and child autonomy.

AAP/ACMG and ESHG guidelines acknowledge the relevance of parental input for GTIC
decisions, and several investigations share the voice of parents and families who might seek
GTIC. In Tarini et al. [12], approximately one-third of parents indicated they would
definitely or probably seek GTIC, in response to hypothetical scenarios describing non-
specific inherited, life-limiting, and potentially untreatable conditions. Also, about 30% of
parents supported GTIC absent any treatment; another approximately 30% of parents
supported GTIC only if treatment were available. The authors acknowledged that
hypothetical scenarios limited their conclusions [12].

Several other investigations have evaluated psychosocial outcomes following genetic
diagnosis disclosure to children at-risk for the treatable, inherited condition of familial
adenomatous polyposis (FAP) [13–15]. Most children displayed normal emotional and
behavioral functioning before and after receiving a positive test result. Compared to gene-
negative children, those with a positive test had greater worries about developing FAP, but
did not experience generalized or clinically impairing anxiety or depression.

The present investigation attempts to address the limitations of these prior studies by
focusing on a specific and life-limiting condition – Batten disease. Although there are no
treatments yet available to prevent or modify Batten disease, there are ongoing and
emerging clinical trials in the infantile, late infantile and juvenile Batten variants [16–
18].Therefore, the definition of reasonable medical or psychosocial benefit may evolve as
clinical trial outcomes could have implications for establishing a pre-symptomatic genetic
diagnosis of Batten disease. Our primary intent was to survey parents’ current opinions and
practices related to GTIC. Our secondary aims were to collect general information about
genetic testing experiences, and about genetics knowledge of Batten disease, which had also
not been previously studied.

2. Participants and Methods
2.1 Genetic testing survey

The University of Rochester Batten Center (URBC) developed a survey to assess
experiences, knowledge, and opinions about genetic testing topics in Batten disease,
including opinions about GTIC. The survey was modeled after a questionnaire developed
previously, to study attitudes and knowledge regarding another neurodegenerative condition
- Parkinson’s disease (M. Nance, personal communication). The present study was the first
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use of the Batten survey, thus has not yet undergone formal psychometric testing. Face
validity was established by Dr. Nance, who provided input on survey development, drawing
on her experience with the Parkinson’s disease survey and her expertise with Juvenile
Huntington disease (HD). HD is a neurodegenerative condition with no currently available
disease-modifying therapy. Due to genetic anticipation, HD sometimes has childhood-onset;
predictive diagnostic testing is strongly discouraged. For the Batten survey, we obtained
demographic information (respondent age, educational background, child’s Batten
diagnosis). Parents answered nine ‘opinion’ statements related to GTIC, such as predictive
diagnosis, childhood carrier testing, and parental autonomy in seeking GTIC; items were
rated on a 5-point scale: 1 = ‘strongly disagree’, 5 = ‘strongly agree’. Parents also reported
their family history of genetic testing, including if other family members had completed
carrier or predictive diagnostic genetic testing for Batten disease. We defined carrier testing
as, “to establish if someone – parent or sibling – is a carrier” of Batten disease, and
predictive testing as, “to establish if someone – another child in the family – will develop
Batten disease”. We also asked parents if genetic testing for other diseases had been sought.
In addition, if parents or a family member had either considered or completed genetic
testing, they were asked how they had learned about it, and if they recalled having discussed
any of 8 selected topics likely to be part of a genetic counseling session (e.g., risks and
benefits of genetic testing, reproductive risk, and follow-up options after genetic testing).
Finally, parents were asked if they had disclosed their child’s genetic status beyond their
immediate family. Parents also completed true/false questions to test knowledge about
Batten disease medical facts, general genetics information, and Batten-specific genetics
information. The ‘knowledge’ items allowed exploration of possible associations between
respondents’ knowledge base related to genetics, and their opinions and experience with
GTIC.

Because of the sensitive nature of some survey data, respondents’ anonymity was preserved.
Investigators provided the survey to the Batten Disease Support and Research Association
(BDSRA), which distributed it to the approximately 1,100 households on its mailing list.
The BDSRA is the major North American Batten disease support organization. All parents
of affected children (alive or deceased) were eligible to participate. The survey did not
collect information that could inadvertently identify participants or affected children. We did
not confirm parent-reported clinical diagnoses, nor did we ask for any other identifying
information such as number of affected children, the name, age or sex of affected children,
specific mutations, age at diagnosis, or number of years since diagnosis. All study activities
were approved by the University of Rochester’s Research Subjects Review Board (RSRB).
The RSRB provided an exemption from the written informed-consent process, to maintain
participant anonymity. The survey included a RSRB-approved cover letter explaining to
prospective respondents that returning the completed survey indicated agreement to
participate in the study.

2.2 Data Analysis
Frequency counts were calculated for categorical response items. Nonparametric tests were
performed on the true/false ‘knowledge’ items because the distribution of these scores
(percent accurate) was non-normal. Spearman rank-order correlation tests were performed to
evaluate bivariate relationships between sociodemographic variables (age, gender,
educational level), and knowledge accuracy. A series of Mann-Whitney tests were
performed to evaluate knowledge differences between those who had versus had not
participated in genetic testing. If items were skipped, they were treated as incorrect in
calculating accuracy scores ([number correct/15] *100). Student’s t test for dependent
samples was used to evaluate pairwise difference between subsets of the fact-based
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questions dealing with different content. An a priori alpha level = .05 was used for all
statistical tests. All analyses were performed with Statistica, version 6.1.

3. Results
3.1 Demographics

17% (N=184/1,100) surveys were returned. Of these, we excluded 5 surveys that were
returned but not completed. Among the remaining 179 surveys, some respondents skipped
one or more questions, thus the sample size varies for the data reported below. 146
respondents reported their age; we excluded two participants for this analysis only because
of suspicion that the affected child’s age (18 and 21 years, respectively) was reported
instead; these surveys were each from parents of children with juvenile Batten disease. Thus,
the average age of respondents was 49.3± 11.7 years (N = 144; range 23–79). The most
common diagnosis reported was juvenile NCL (CLN3), reported by 46% (N = 82/179). Most
respondents (84.9%) had received genetic confirmation of the clinical diagnosis. Table 1
presents all demographic data. Nearly all parents (94%; N = 169/179) had shared their
child’s genetic status with at least one person other than an immediate family member. We
note that more participants endorsed sharing genetic status than had endorsed a genetically
confirmed Batten diagnosis in their child.

3.2 Genetic testing opinions
Parents rated their agreement or disagreement with ‘opinion’ statements related to GTIC
(Figure 1). Four respondents did not complete this section and 15 did not answer at least one
question. The number of participants completing each item is indicated in the Figure. 73%
(126/172) felt predictive genetic testing for an asymptomatic person should be available,
regardless of medical benefit. 74% (128/173) agreed or strongly agreed with the statement,
“Parents should have the final say on whether or not their healthy child gets genetic testing
to determine if he/she is a carrier or will develop Batten Disease”. In our survey, the final
two ‘opinion’ statements helped us explore whether parents might pursue direct-to-
consumer genetic testing (DTC). Most participants (82%) agreed or strongly agreed that
people should always discuss genetic testing plans and results with a professional, yet
almost a third (32%) also agreed or strongly agreed that, “It should be possible for people to
have genetic testing on their own, without input from a doctor or genetic counselor.” There
were no significant associations between opinions and parent gender or age. There were two
weak associations between opinions and parent educational level. Higher educational level
was weakly negatively associated with, “Predictive testing should be available for all
diseases, regardless of medical benefit” (Spearman ρ = −.15, p < .05), and weakly positively
correlated with, “Knowing a child’s genetic status will change how a parent relates to that
child” (Spearman ρ = .19, p < 05).

3.3 Experience with genetic testing and genetic counseling
54% (N = 97/179) reported an immediate family member other than the affected child had
ever received genetic testing. 46% (N = 82/179) endorsed family experience with carrier
testing, which could have involved child or adult testing. 13% (N = 24/179) reported
predictive testing for Batten disease. Seven percent (N = 13/179) reported family experience
with both carrier and predictive testing. Four percent (N = 7/179) reported family experience
with genetic testing for non-Batten reasons, including for conditions likely considered in the
diagnostic workup for Batten disease (retinitis pigmentosa, Hurler-Scheie,
adrenoleukodystrophy) and for other diseases (hemophilia type-B, and breast cancer). Four
parents reported family experience with genetic testing, but did not know if the testing was
performed to establish carrier status or a predictive diagnosis.
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145 respondents indicated how they had first learned about genetic testing. Among these
respondents, the three most common sources were a neurologist: 53% (N = 77/145), the
BDSRA or other support group: 43% (N = 63/145), and a genetic counselor: 23% (N =
34/145). 75% of all respondents (135/179) recalled discussion of at least one topic likely to
be covered in a genetic counseling session. (Table 2). An average of 4.8 topics were
discussed (SD = 2.29, Range = 1 to 8).

3.4 Knowledge about Batten disease and genetics
175 of 179 respondents completed this section. 53 respondents skipped at least one item,
which was handled via the method described in section 2.2. Respondents scored high on
knowledge questions, with a mean total score of 84% correct (SD = 11%, Range = 53%–
100%). Accuracy was positively but only slightly correlated with educational level (ρ = .29,
p < .001). Mean accuracy was significantly higher for Batten-specific medical and genetic
questions than for general genetic questions (Batten genetics vs. general genetics: t = 4.70,
p<0.001, df = 174; Batten medical vs. general genetics: t = 4.12, p < 0.001, df = 174; 95%
Confidence Interval −0.18, −0.04). Respondents who had participated in any genetic
counseling, regardless of the number of topics covered in a counseling visit, received a
significantly higher score on both question sets than did those who had not completed any
genetic counseling (Table 3). Among respondents who participated in genetic counseling,
the proportion of topics discussed (of 8 total) was not significantly correlated with accuracy
on any of the three sets of knowledge questions, or the total score.

4. Discussion
This study evaluated experience, knowledge, and opinions related to GTIC, among parents
of children with Batten disease. Most families had received a genetic diagnosis for their
Batten-affected child, and slightly over half of families had sought genetic testing for non-
affected family members – chiefly to determine if an at-risk child would phenoconvert
(predictive testing) or to establish carrier status for a healthy family member. Earlier studies
suggest parents wish to establish their child’s future risk for inherited diseases irrespective
of an immediately beneficial treatment, for reasons including wanting certainty about their
child’s health status and wanting to prepare for the future [19–23].

In the current study, joint themes of parental choice and informed-decision making were
expressed in participants’ responses to the ‘opinions about genetic testing’ statements.
Notably, the increased availability of DTC genetic testing has facilitated independent access,
which was favored by almost a third of our sample. Policies vary among DTC providers but
at least 20 may offer direct access to patients/families, many do not provide or require
genetic counseling or physician consultation, and predictive diagnosis and risk assessment
for some pediatric-onset or non-treatable conditions is available [8, 24–26]. Because of
concerns about test quality, oversight, and inconsistent policies about genetic counseling, the
AAP/ACMG joint statement strongly advises against DTC genetic testing of children [4, 5].
Currently, one DTC company that we know of (23andMe, Inc.) explicitly tests for selected
mutations causing two Batten variants[27, 28] ; at least one other company offers whole
genome sequencing (Illumina), which conceivably could include identification of Batten-
causing mutations [29].

Several prior studies suggest that knowing a child’s genetic status may not impact parenting
behaviors [13–15, 30]. Over half of respondents disagreed with the statement, “Knowing a
child’s genetic status will change how a parent relates to that child”. Psychological
adjustment to a genetic diagnosis for a future-developing condition is another concern.
Children learning their genetic risk for FAP experienced only mild anxiety/depression,
isolated to worries about the diagnosis. Women undergoing childhood carrier testing for one
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of two recessive conditions (Duchenne muscular dystrophy; hemophilia A) later felt the
diagnosis did not negatively impact their lives [31].

Higher scores on some knowledge questions was modestly associated with having
participated in genetic counseling. This is supported by a previous study that found genetic
counseling for familial cancer increased knowledge about cancer genetics [32]. However,
we recognize that in this retrospective survey, we cannot determine any causal direction for
the relationship between genetics knowledge and genetics counseling, and/or that other
unknown factors impacted these variables. We did not assess whether knowledge was
correlated with the number of affected children in a family; perhaps families with multiple
affected children have more opportunities to receive genetic counseling. Finally, the
BDSRA and other support groups were the second most common initial source of
information about genetic testing, suggesting a role for advocacy organizations in providing
information and facilitating access to genetic testing and genetic counseling resources.

Given the potentially sensitive nature of genetic information, it was surprising to learn how
broadly parents shared their family’s genetic status. But we also note that this study was
conducted after implementation of the Genetic Information Non-Discrimination Act (GINA)
which would conceivably protect parents from some of the negative consequences of
disclosure, particularly to employers [33]. In retrospect, it would have been interesting to
ask respondents about their knowledge of GINA and whether this law influences their
genetic status disclosures.

Non-response bias is another limitation - fewer than 20% of the surveys were returned. We
do not know whether respondents were representative of the full BDSRA membership. We
also focused only on parents affiliated with the BDSRA. Furthermore, because the survey
was distributed to the entire BDSRA membership, many non-parents received it. Therefore,
the response rate does not truly reflect the proportion of parents in the BDSRA membership.
We acknowledge that direct contact would have boosted participation and reduced missing
data, but we chose to preserve participants’ anonymity due to the sensitive nature of some
questions. In retrospect, survey questions about genetic testing could have been more
specifically worded to clarify who (child or adult) had undergone carrier testing or non-
Batten genetic testing; we would likely revise these items in future studies with the survey.
Finally, respondents were highly educated. While this bias exists in many studies, we
acknowledge that educational background could impact attitudes and knowledge about
genetic testing.

5. Conclusions
Although this study focused on Batten disease, we believe the results provide a springboard
to discuss GTIC topics relevant to many childhood onset diseases, including predictive
diagnostic testing, carrier testing, and genetic counseling. These topics are especially
pertinent in light of emerging clinical trials, which often require genetic confirmation of the
disease before study enrollment, and where the therapeutic window for intervention might
occur before clinical signs of disease are apparent. Responses to survey items addressing
opinions regarding GTIC suggest that overall, parents wish to assert their autonomy in
decisions regarding genetic testing of their children. This wish for autonomy also highlights
the need for genetic counseling and education so parents can make informed decisions
regarding the benefits and risks of childhood genetic testing.
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Figure 1.
Parents’ Opinions About Genetic Testing in Children
DTC: “It should be possible for people to have genetic testing on their own, without input
from a doctor or genetic counselor.” (N = 170)
Discuss Professional: “People who have genetic testing should always discuss their plans
for testing, and the test results, with a professional.” (N = 175)
Better to Know: “Knowing ahead of time that a child will develop Batten disease is better
than not knowing this information.” (N = 174)
Relationship With Child: “Knowing a child’s genetic status will change how a parent
relates to that child” (N = 171)
Adult Carrier: “Carrier testing should only be done when an individual reaches
adulthood.” (N = 175)
Parents Have Final Say: “Parents should have the final say whether or not their healthy
child gets genetic testing to determine if s/he is a carrier or will develop Batten disease.” (N
= 173)
Teen Carriers: “Teenagers should be told whether or not they are Batten carriers.” (N =
175)
All Disease: “Predictive testing should be available for all diseases regardless of medical
benefit.” (N = 172)
Med Benefit: “Predictive testing (testing an asymptomatic person for a gene that causes a
genetic disease) should be available only when there is medical benefit from doing the test.”
(N = 173)
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Table 1

Sample background characteristics (N = 179)

N %

Parent’s Sex

  female 122 68

  male 38 21

  not reported 19 11

Parent’s Education

  some high school or GED 8 5

  high school diploma 22 12

  some college 55 31

  college degree 60 34

  some post-graduate studies 2 1

  post-graduate degree 27 15

  not reported 5 3

Child’s Batten disease Diagnosis

  CLN1 / Infantile Batten disease 25 14

  CLN2 / Late Infantile Batten disease 47 26

  CLN3 / Juvenile Batten disease 82 46

  Other 7 4

  Not reported 18 10
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Table 2

Typical topics in a genetic counseling session (N = 135)

“If you or your child have either considered or completed genetic testing, did anyone discuss with you...? Percent (N)

Your risk or family’s risk for an inherited condition. 84 (113)

Your reproductive risks, e.g., the risk of passing the condition on to future children. 83 (112)

The relationship between the presence of a gene mutation and the development of disease. 67 (90)

What is a gene? 59 (80)

Your medical history. 58 (78)

The risk, benefits, limitations, and other possible consequences of being tested. 49 (66)

Any implications of the test results for insurability, reproduction, or health. 45 (61)

Any follow-up options e.g., if any additional testing, monitoring, or research options were available. 36 (48)
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Table 3

Exposure to Genetic Counseling and Proportion of Correct Responses on True/False Items (Mann-Whitney U
test)

Exposure to Genetic Counseling

Any (N = 132) None (N = 43)

% Correct
Mean (SD)

% Correct
Mean (SD)

Zadj p

1. Batten disease occurs in approximately 1 out of 1,000 people in the U.S. 80 (40) 81 (40) 0.09 0.93

2. Vision loss is always the first symptom to develop in Batten disease. 79 (41) 72 (45) 0.90 0.37

3. Batten disease symptoms are linked to the buildup of lipopigments in the body’s
tissues.

71 (45) 81 (40) 1.24 0.21

4. Stem cell transplants are an experimental, unproven treatment for Batten disease. 89 (32) 84 (37) 0.84 0.40

5. Batten disease can be slowed down with “natural” treatments such as diet, exercise,
and over-the-counter herbal remedies.

88 (33) 84 (37) 0.70 0.49

81 (19) 80 (20)

Medical knowledge of Batten disease (Items #1–5) Median = 80 Median = 80 0.58 0.58

Range: 20–100 Range: 40–100

6. A gene is composed of a group of proteins. 32 (47) 30 (46) 0.19 0.85

7. It is possible to have an abnormal gene without having symptoms of disease. 96 (19) 81 (39) 3.20 <0.01

8. Genetic diseases always begin in childhood. 93 (25) 84 (37) 1.86 0.06

9. Genes are found in nerve cells but not egg and sperm cells. 81 (39) 65 (48) 2.15 <0.05

76 (19) 65 (27)

Median = 75 Median = 75 2.03 <0.05

Range: 25–100 Range: 0–100

10. All people affected with Batten disease have a mutation in the same gene. 77 (43) 63 (49) 1.76 0.079

11. Someone with one copy of a Batten gene mutation will not develop Batten disease. 85 (36) 77 (43) 1.22 0.22

12. When someone has Batten disease, his or her siblings have a 1 in 4 chance of also
developing Batten disease.

95 (21) 86 (35) 2.09 <0.05

13. The function of the proteins encoded by the Batten gene or genes is well understood
at this point in time.

84 (37) 72 (45) 1.72 0.09

14. Girls and boys equally likely to get Batten disease. 92 (27) 77 (43) 2.80 <0.01

15. A Batten gene that is normal during a person’s childhood can develop a mutation as
the person ages.

72 (45) 56 (50) 1.96 <0.05

84 (18) 72 (26)

Genetic knowledge of Batten disease (Items #10–15) Median = 83 Median = 83 2.79 <0.01

Range: 33–100 Range: 0–100

81 (14) 73 (19)

Total (all items) Median = 87 Median = 80 2.60 <0.01

Range: 33–100 Range: 13–100
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