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SUMMARY

Objective—To examine genetic testing preferences in families containing multiple individuals
with epilepsy.

Methods—One hundred forty-three individuals with epilepsy and 165 biological relatives
without epilepsy from families containing multiple affected individuals were surveyed using a
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self-administered questionnaire. Four genetic testing scenarios were presented, defined by
penetrance (100% vs. 50%) and presence or absence of clinical utility. Potential predictors of
genetic testing preferences were evaluated using generalized estimating equations with robust
Poisson regression models. The influence of 21 potential testing motivations was also assessed.

Results—For the scenario with 100% penetrance and clinical utility, 85% of individuals with
epilepsy and 74% of unaffected relatives responded that they would definitely or probably want
genetic testing. For the scenario with 100% penetrance but without clinical utility, the proportions
who responded they would want testing were significantly lower in both affected individuals
(69%) and unaffected relatives (57%). Penetrance (100% vs. 50%) was not a significant predictor
of genetic testing interest. The highest-ranking motivations for genetic testing were: the possibility
that the results could improve health or healthcare, the potential to know if epilepsy in the family
is caused by a gene, and the possibility of changing behavior or lifestyle to prevent seizures.

Significance—Interest in epilepsy genetic testing may be high in affected and unaffected
individuals in families containing multiple individuals with epilepsy, especially when testing has
implications for improving clinical care.
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INTRODUCTION

Genetic research on the epilepsies had led to a dramatic increase in the number of genes
recognized to play a role in specific epilepsy syndromes, 12 and genetic testing has now
become a major focus of consideration in clinical practice.3-8 Understanding the genetic
testing preferences of people with epilepsy and their family members is essential to provide
effective and sensitive genetic testing services for epilepsy.

Patient preferences for genetic testing in the epilepsies have been examined very little in
previous studies. Three studies have investigated the views of research participants on
genetic testing and the return of individual results, all of them employing qualitative
research methods. One of these examined the perceived risks and benefits of genetic testing
from the perspective of affected and unaffected members of families containing multiple
affected individuals.® Two other studies examined the expectations of research participants
with regard to receiving individual genetic research resultsl? and the acceptability of being
invited to participate in additional studies on the basis of their molecular genetic findings.11
All three of these qualitative studies suggested that most research participants would opt for
genetic testing if offered. However, quantitative research on a larger number of individuals
is critical to elucidate the trends uncovered in these studies and improve generalizability of
the findings.

We are surveying previous participants in epilepsy genetics research, to assess the
psychosocial impact of having a personal or family history of epilepsy, beliefs about
epilepsy genetics, and interest in genetic testing. Here we report results on genetic testing
preferences and the factors that had an important influence on these preferences.
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The study sample consisted of individuals who previously participated in the Epilepsy
Family Study of Columbia University (EFSCU),12-18 a long-term genetic study of epilepsy
that began in the mid-1980s as a familial aggregation study and progressed into a genetic
linkage study. In the original study, families were ascertained through physician referral and
self-referral in response to advertisements through voluntary organizations and a study
website. Families were eligible if they contained either a sibling pair or three or more
individuals with epilepsy not attributed to identified structural or metabolic CNS insults,
regardless of syndrome. 117 families were included, containing an average of four affected
individuals per family.

Study Design and Data Collection

Individuals in the 117 families were eligible for the current study if they had participated in
our previous research either by being interviewed or giving a blood sample, and were alive,
currently 18-79 years of age, and able to complete a self-administered questionnaire in
English. Among 1274 participants in our previous studies, 316 were excluded because in
2013 they were deceased (N=100), younger than 18 years (N=16) or older than 79 years
(N=115), had previously requested no contact for future studies (N=32) or did not speak
English (N=53). Among the remaining 958 individuals, 27 more were excluded in the course
of data collection because they were found to have died or to be unable to participate due to
disability, leaving 931 individuals in 113 families (median 6, range 1-40 eligible individuals
per family). The present analysis was further restricted to individuals with epilepsy (N=332)
and their biological relatives without epilepsy (N=459), yielding a final target sample of 791
individuals after excluding those married-in to the families.

Eligible individuals were asked to complete a self-administered questionnaire either online
through an instrument implemented in Survey Monkey (Survey Monkey, Inc., Palo Alto,
California, USA, www.surveymonkey.com) or on paper using a version mailed to the
participant’s residence. All study procedures were approved by the Columbia University
Medical Center Institutional Review Board.

Genetic Testing Preferences and Predictors

The survey contained several questions about participants’ previous experience with genetic
testing, including whether they had ever had genetic testing (for any disorder), what they
were tested for, the setting in which testing was done (ordered by your doctor, a research
study, more than one source, unknown), whether they received results, and what the results
were. It also described four different hypothetical scenarios for a genetic test in epilepsy,
defined by penetrance (“EVERYONE with the genetic change develops epilepsy” vs.
“ONLY HALF of those with the genetic change will develop epilepsy”) and clinical utility
(“knowing you have the genetic change would improve your medical care (for example, by
helping your doctor choose better treatments or reducing the need for other tests)” vs.
“knowing you have the genetic change would have no effect on your medical care™). For
each scenario, participants were asked whether they would want genetic testing, with five
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response categories: definitely no, probably no, probably yes, definitely yes, and don’t
know. For analysis, the five response categories were collapsed into two: definitely yes/
probably yes vs. definitely no/probably no/don’t know.

We examined eight potential predictors of genetic testing preferences: epilepsy history, age
(<40, 40-59, =60 years), sex, having children, education (college graduate vs. less),
religious affiliation, and genetic causal attribution of epilepsy (assessed by questions
described below). In individuals with epilepsy, we also examined the possible effects of
broad epilepsy syndrome (generalized vs. focal), and epilepsy “severity” as assessed by time
since last seizure (<1 year vs. =1 year), and lifetime number of seizures (<20, 21-100,
>100). Epilepsy history and syndrome were defined by diagnoses from our original genetic
study, based on epileptologist review of data from semi-structured interviews and medical
records.1218 Information on time since last seizure and lifetime number of seizures was
obtained from the current survey.

Genetic causal attribution of epilepsy was assessed by two survey questions. The first of
these asked, “In your opinion, how big a role has genetics had in causing epilepsy in your
family?” with responses: none, small, medium, big. The second question asked, “In your
opinion, what do you think the chances are that you have a change or mutation in a gene that
affects risk for epilepsy?” with responses no, small, moderate, or high chance, or don’t
know.

Potential Motivations for Genetic Testing

To assess motivations for genetic testing preferences, the survey included a list of 21 factors
that “people might consider when they make a decision about genetic testing.” Participants
were asked whether each factor would affect their desire to obtain a genetic test for epilepsy
and were presented with five response categories for each factor: much less likely to want
testing, somewhat less likely to want testing, no effect on my desire for testing, somewhat
more likely to want testing, much more likely to want testing.

Statistical Analysis

We used McNemar’s test to examine the significance of differences in individuals’
responses to the four genetic testing scenarios. To evaluate associations of potential
predictors with participation rates and genetic testing preferences, we estimated prevalence
ratios with Poisson regression models with robust standard errors,1° using generalized
estimating equations to account for non-independence resulting from the inclusion of
multiple individuals per family. In the analysis of genetic testing preferences, the outcome
was defined as a response of definitely/probably yes (vs. definitely/probably no or don’t
know) for each scenario. The prevalence ratios estimated in the models were virtually
identical to ratios of the crude percentages of the outcome in each category; hence in the
tables we show only the percentages and the p-values obtained from the regression analysis.
To evaluate potential confounding, we also carried out multivariate analyses with all of the
potential predictors included in the model. All analyses were carried out separately within
individuals with epilepsy and biological relatives without epilepsy.
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To analyze the 21 potential genetic testing motivations, we first treated them as quantitative
variables, scoring the five response categories for each factor from -2 to 2 (i.e., —2=much
less likely to want testing, 2=much more likely to want testing). For each motivation, we
used a 1-sample t-test to assess whether the mean score differed significantly from 0, using a
Bonferroni correction for multiple testing (i.e., critical value of (a=0.05/21=0.002).

Statistical analyses were carried out using IBM SPSS Statistics (Version 21).

RESULTS

As of June 16, 2014, we had attempted contact with 757 of the 791 subjects in our target
sample and had reached 521 (69%) of them. Among subjects reached by telephone, 448
(86%) agreed to participate, and 315 (70%) of those who agreed completed the survey for an
overall participation rate of 40% (315/791) as of the current date. Our sample is
predominantly (93%) white non-Hispanic. Among all participants, 55% are college
graduates and 59% are women. The mean age of all participants is 52 years (SEM 0.79).

To evaluate the potential for selection bias, we examined the predictors of participation
among all 791 eligible subjects in our target sample. Participation rates increased with
advancing age (<40 years 28%, 40-59 years 41%, =60 years 52%, p<0.001), and were
higher in women than in men (42% vs. 37%) (p=0.03), but did not differ by education
(college graduates 45%, others 40%, p=0.68). Individuals with epilepsy were more likely to
participate than their unaffected relatives (44% vs. 37%, p=0.002).

Only two participants (both affected) reported having previously had clinical genetic testing
for epilepsy. One of them reported having been tested for “currently known epilepsy genes”
with a negative result, and the other reported having had “research testing plus local hospital
testing for cause of seizures,” without receiving any results. Nine percent of individuals with
epilepsy and six percent of biological relatives without epilepsy reported having had genetic
testing for epilepsy in a research study, referring to their participation in our research.

Among participants with epilepsy, 85% indicated that they would definitely or probably
want genetic testing in the 100% penetrance, clinical utility scenario, but only 69% did so in
the 100% penetrance, no clinical utility scenario (Figure 1). These proportions were very
similar in the 50% penetrance scenarios (test with clinical utility 82%, without clinical
utility 65%). The results from McNemar’s test indicated a significant difference between
responses for a test with vs. without clinical utility in both the 100% penetrance and 50%
scenarios (p<0.001 in each case). However, responses did not differ significantly between
tests for genes with 100% vs. 50% penetrance, regardless of clinical utility.

Among biological relatives without epilepsy, fewer indicated they would definitely or
probably want genetic testing than among individuals with epilepsy in all four scenarios.
This difference was primarily attributed to a lower proportion of unaffected individuals who
responded “definitely yes” (Figure 1). In comparisons between affected and unaffected
individuals using dichotomized responses (definitely/probably yes vs. other), differences
were significant for the 100% penetrance, clinical utility scenario (p=0.019) and the 100%
penetrance, no clinical utility scenario (p=0.042) (robust Poisson regression with generalized
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estimating equations). As in affected individuals, the proportions of unaffected relatives who
responded definitely/probably yes were significantly greater for a test with vs. without
clinical utility, regardless of penetrance (p<0.001 in both cases), but did not differ between
tests for genes with 100% vs. 50% penetrance.

Predictors of Genetic Testing Preferences

We first evaluated associations of predictors with responses to the 100% penetrance, clinical
utility scenario (Table 1). Among participants with epilepsy, women were more likely than
men to say they would definitely or probably want testing (93.8 vs. 71.2%, p=0.001). We
found no significant differences among affected individuals with regard to other
demographic variables (age, having children, education, or religion) or measures of genetic
causal attribution. Individuals who reported a history of =100 seizures in their lifetimes were
significantly more likely to want testing than were those with fewer seizures.

Among unaffected relatives, neither sex nor any other demographic variable was
significantly associated with testing preferences. However, unaffected relatives who
believed they had a “moderate” or “high” chance of having an epilepsy-related mutation
were significantly more likely to say they would definitely or probably want testing than
were others (86.9 vs. 66.0%, p=0.001).

The results were essentially unchanged when all of the potential predictors were analyzed in
multivariate models, separately within affected and unaffected individuals. In a parallel
analysis of responses to the testing scenario with 100% penetrance and no clinical utility, the
pattern of associations was the same, with the exception that the effect of education in
unaffected individuals was significant (p=0.03). We did not analyze associations of potential
predictors with responses to the 50% penetrance scenarios, since the responses to these
questions did not differ from those in the 100% penetrance scenarios (Figure 1).

We were surprised that genetic testing preferences appeared to be unrelated to age or having
children; hence we examined the possibility of effect modification between these two
variables (Table 2). Since many individuals in our sample had children with epilepsy (a
consequence of the way subjects were ascertained in our original genetic study), we also
explored the impact of having affected children on responses in each age group. Among
participants aged <40 years, the proportion who said they would definitely or probably want
testing was greater in those with children than in those without. This was true in both
affected and unaffected individuals, though it was significant only in unaffected individuals.
Among individuals aged 40-59, testing interest was not significantly associated with having
children overall, but participants who had affected children were more likely to say they
would want testing than those had no affected children. Among unaffected individuals aged
40-59, all of those with affected children said they would want testing, but only 64% of
those without affected children did so (p=0.03, compared with those without children). In
the oldest group of participants (aged =60 years), individuals with epilepsy were
significantly less likely to want testing if they had children than if they did not, and this was
attributed to a lower proportion who said they would want testing among those who had
affected children (74%) than among those whose children were unaffected (86%) or who did
not have children (100%).
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Genetic Testing Motivations

Among the 21 potential genetic testing motivation items assessed, 12 differed significantly
from zero (no effect on desire for testing) in affected individuals, and 13 in unaffected
individuals (Table 3). The five most important factors in both affected and unaffected
individuals were: possibility that the results could improve your health or healthcare,
potential to know if the epilepsy in your family was caused by a gene, possibility of
changing your behavior or lifestyle to prevent seizures, possibility of learning if your
children are at risk, and chance to know some of your personal genetic information. Four
items had a significant negative effect on genetic testing interest: possible effect on
insurance coverage, possible impact on career, possible impact on privacy, and concern that
the test might not be accurate. The mean values and order of items were similar in affected
and unaffected individuals.

DISCUSSION

This is the first quantitative study of preferences and motivations for genetic testing in
families containing multiple individuals with epilepsy. In the families we studied, interest in
epilepsy genetic testing was high both among individuals with epilepsy and their unaffected
biological relatives, though it was higher in individuals with epilepsy. Clinical utility was a
significant predictor of genetic testing interest: 85% of affected individuals and 74% of
unaffected relatives said they would definitely or probably want a test with clinical utility,
and these proportions were only 64% and 56% for a test without clinical utility.

Very few participants in our study had actually had clinical genetic testing for epilepsy,
although many believed they had, as a result of participation in our previous genetic
research. In the process of enrollment into our previous studies, we devoted considerable
effort to clarifying the distinction between research (in which no results would be offered)
and clinical genetic testing; this was also explained in our informed consent documents. The
frequent confusion of these concepts by research participants illustrates the difficulty in
conveying the message clearly, and may also reflect the strong interest in testing by
members of these families.

Interestingly, penetrance of the gene described in our testing scenarios (100% vs. 50%) had
no effect on testing preferences. These results may have differed if we had provided
scenarios with lower penetrance (e.g., 10% or 20%), which are more applicable for genes in
complex epilepsies.20 Also, the concept of penetrance might not have been understood by
survey respondents, though we believe it was described clearly in our survey questions
(“EVERYONE with the genetic change develops epilepsy” vs. “ONLY HALF of those with
the genetic change will develop epilepsy™).

We identified few significant predictors of genetic testing preferences in either affected
individuals or unaffected biological relatives (Table 1). Among affected individuals, women
were more likely to want testing than were men. This gender effect has also been observed
in studies of genetic testing preferences in other disorders, though findings are
inconsistent.2! Genetic testing preferences also appeared to be related to severity of
epilepsy: the proportion who said they would want testing was significantly greater among
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individuals who reported a lifetime history of >100 seizures than in those who reported
fewer. Similarly, affected individuals were more likely to want testing if their last seizure
was within the last year (91%) vs. longer ago (85%), although this difference was not
significant. Among biological relatives without epilepsy, one of our measures of genetic
attribution, an individual’s perception of the likelihood he or she carried a mutation in an
epilepsy-related gene, significantly predicted genetic testing preferences.

Testing preferences appeared to be shaped in complex ways by age, reproductive history,
and having affected offspring. Among individuals younger than 40 years, but not among
older individuals, having children was associated with an increased interest in genetic
testing. Younger individuals are likely to have children at an age when risk of developing
epilepsy is high, and few of them had affected children at the time of the study; hence it
makes sense that they would be interested in testing to inform risk in their children. The
“possibility of learning if your children are at risk” ranked fourth highest among all 21
testing motivations we assessed, in both affected and unaffected individuals.

Among individuals aged 40-59 years, testing interest was not associated with having
children overall, but, as might be expected, was greater in individuals with affected children
than in those whose children were unaffected. These individuals might have considered
genetic information potentially useful to inform risk in their children and grandchildren,
some of whom were still young enough to be at risk of developing epilepsy.

In the oldest age group (age =60 years), however, the proportion of individuals with epilepsy
who said they would want testing was actually lower among those with affected children
(74%) than among those whose children were unaffected (86%). In our conversations with
older individuals during the recruitment process, many appeared to have reduced interest in
testing because they thought their children could have testing themselves. In addition, we
speculate that older individuals might have been less comfortable with testing in general,
and deterred by their feelings about having transmitted susceptibility (e.g., guilt, worry,
sadness).

We previously carried out a qualitative study of the impact of genetic information from the
perspective of people with epilepsy and their unaffected family members, involving in-depth
interviews with 40 individuals from the same study population described here.® The findings
were very similar to those in our current much larger, quantitative study: 86% of individuals
with epilepsy and 83% of those without epilepsy said they would have genetic testing if it
were offered to them. Respondents identified many potential benefits of genetic testing,
including learning what caused epilepsy in their families, being better able to care and
advocate for children at risk, reducing guilt and blame, providing an increased sense of
control, and relieving anxiety. They also cited potential negative impacts of testing,
including increased blame and guilt, increased stigma and discrimination, self-imposed
limitations on life goals, and altered public conceptions of epilepsy. Although respondents
believed genetic testing would be useful for informing their reproductive choices, they also
expressed fear that it could lead to external pressures to modify those choices. We did not
address all of these issues in the current study, but did find that four items had a significant
negative impact on genetic testing interest: possible effect on insurance coverage, possible
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impact on career, possible impact on privacy, and concern that the test might not be
accurate. Our survey includes a series of questions that address stigma and discrimination,
which will be reported separately.

Our study has several limitations. We assessed only hypothetical genetic testing preferences.
Findings in other disorders clearly indicate that stated preferences do not equate with actual
uptake. For example, in early studies of Huntington disease, most individuals at risk
expressed interest in presymptomatic genetic testing,22-26 but uptake rates have been
<10%.27 Similarly, in a 2006 review of genetic testing in breast cancer,?8 rates of
hypothetical interest were higher than those of actual uptake, though uptake has clearly
increased in recent years.

Our findings cannot be generalized to all individuals with epilepsy because it is focused on a
special subgroup: members of families containing multiple affected individuals. Such
families are uncommon; in our recent population-based study, only approximately 15% of
incident epilepsy probands had >1 first-degree relative with epilepsy.2® Nevertheless,
members of these families are important stakeholders for assessment of genetic testing
preferences.

The sample for the current study is also selected in other ways that may be related to genetic
testing preferences. First, we examined only individuals who had previously participated in
our genetic research. This implies that they had a special interest in, and likely an unusually
good understanding of genetic influences in epilepsy. Levels of genetic attribution are
naturally expected to be increased among individuals in these families, compared with
unselected individuals with epilepsy. However, the association we observed, in unaffected
family members, between genetic testing interest and the belief that they are likely to have
inherited a risk-raising mutation may also apply to individuals not selected in this way.
Because of the way these families were identified in our previous research (primarily
through contacts with voluntary organizations), participants had relatively high levels of
education (55% were college graduates), and were ethnically homogeneous, limiting our
ability to examine the relationship of these variables to genetic preferences and likely
increasing the proportions who would want testing. Estimates of genetic testing interest
among affected individuals might have been inflated because participation rates were higher
in women than in men, and affected women were more likely than affected men to say they
would want testing. The sample contains few younger individuals for whom reproductive
issues are likely to be most salient, and this is exacerbated by the higher participation rates
among older individuals. Also, most affected individuals in these families do not have
severe forms of epilepsy — 71% had not had seizures within the last year, and 44% reported
<20 seizures in their lifetimes. As our results show, interest in genetic testing is likely to be
higher in families with severe epilepsies. Finally, the current sample size is relatively small
for investigation of some of the predictors.

Despite these limitations, our findings suggest that interest in epilepsy genetic testing may
be high, particularly when testing has implications for clinical care. Moreover, interest is not
limited to tests with clinical utility: two of the highest-ranking motivations for genetic
testing were “the potential to know if the epilepsy in your family is caused by a gene” and
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“the chance to know some of your personal genetic information,” reflecting high value
placed on personal rather than clinical utility. Study of these issues in the wider population
of individuals with epilepsy (unselected by family history or participation in genetic
research) would be extremely important. Also, the development of methods that facilitate
informed decision making among individuals who express interest in epilepsy genetic
testing should be a priority.
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Distribution of responses to the four genetic testing scenarios by individuals with epilepsy
and biological relatives without epilepsy.
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Table 3

Mean values for genetic testing motivation items?

Individualswith epilepsy  Biological relatives without epilepsy

yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

Motivation Items NP Mean (95% ClI) Nb Mean (95% ClI)
Possibility that the results could improve your health or healthcare 139 12(1.08,1.39)C 161 1.0 (0.84, 1.16)C
Potential to know if the epilepsy in your family is caused by a gene 140 12(1.02,1.37)¢ 163 1.0 (0.87,1.17)¢
Possibility of changing your behavior or lifestyle to prevent seizures 140 10(0.85,1.22)¢ 158 0.9 (0.77, 1.09)C
Possibility of learning if your children are at risk 138 0.9(0.73,1.11)¢ 158 0.9 (0.71, 1.05)C
Chance to know some of your personal genetic information 140 0.8 (0.66, 1.03)C 160 0.7 (0.56, 0.89)C
Having test results to share with your doctors 139 0.7 (0.52,0.87)¢ 160 0.6 (0.42, 0.73)C
Possibility of avoiding activities that might be risky if you have a 139 0.6(0.36,0.76)C 160 0.7 (0.54, 0.87)C
seizure(such as driving or swimming)

Possible effect on your decisions about having children 140 o4 (0.25, 0.59)C 159 0.3(0.17, 0.51)C
Possible effect on your future plans 141 0.3(0.07,0.44) 161 0.4 (0.20, 0.51)C
Confidence in the tests accuracy 139 0.2 (0.00, 0.39) 160 0.2 (-0.01, 0.35)
The ways the testing experience will make you feel 137 0.1(-0.02, 0.30) 158 0.1(-0.03, 0.28)
The need to get your blood drawn for the test 139 0.1 (-0.04,0.24) 161 0.1 (-0.06, 0.19)
Possible effect on your decisions about marriage 139 0.0 (-0.11, 0.20) 160 0.1 (0.00, 0.29)

The thought of how your family would react to the testing 138 0.0(-0.14,0.11) 159 0.1(-0.04,0.22)
The thought of how your partner would react to the testing 139 0.0 (-0.16, 0.09) 158 0.0 (-0.08, 0.17)
Your religious, cultural, and/or spiritual beliefs 137 -0.1(-0.20, 0.04) 158 0.0 (-0.13, 0.10)
Affordability of the test 138 -0.1(-0.37,0.09) 160 0.2 (0.01, 0.40)
Concern that the test might not be accurate 138 0.3 (-0.51, -0.19)C 161 -0.4 (-0.57, -0.25)C
Possible impact on your privacy 139 _0.4(-0.62, -0.27)C 161 -0.4 (-0.59, —0.28)C
Possible impact on your career 139 _05(-0.66, -0.32)C 160 -0.4 (-0.55, —0.24)C
Possible effect on your insurance coverage 138 _0.8(-0.94, -0.57)C 160 -0.6 (-0.81, —0.46)C

a . . . .
Respondents were asked to rate “how each of these factors would affect your desire to get a genetic test for epilepsy risk.” Items were scored on a
5-point Likert scale, where —2=much less likely to want testing, —1=somewhat less likely to want testing, 0=no effect on my desire for testing,
1=somewhat more likely to want testing, 2=much more likely to want testing. Data are presented in order of means in individuals with epilepsy.
b . o
Ns vary slightly because of missing data.

CSignificantly different from zero (one-sample t-test) after Bonferroni correction for 21 tests (critical value of 0.05/21 = 0.0024).
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