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Abstract
The purpose of this study was to identify factors that are associated with experiencing genetic
discrimination (GD) among individuals at risk for Huntington disease (HD). Multivariable logistic
regression analysis was used to examine factors associated with experiencing GD in data from a
cross-sectional, self-report survey of 293 individuals at risk for HD. The study sample comprised
167 genetically tested respondents, and 66 who were not tested (80% response rate). Overall,
individuals who learn they are at risk for HD at a younger age (OR = 3.1; 95% CI: 1.5–6.2; P =
0.002), are mutation-positive (OR = 2.8; 95% CI: 1.4–6.0; P = 0.006), or are highly educated (OR
= 2.7; 95% CI: 1.4–5.1; P = 0.002) are more likely to experience GD, particularly in insurance,
family, and social settings. Further, younger age was associated with discrimination in insurance
(OR = 0.97; 95% CI: 0.94–1.00; P = 0.038). This study provides evidence that some people who
are at risk for HD were more likely to experience GD than others. Individuals who learned they
are at risk for HD at a younger age and those who are mutation-positive were more likely to
experience GD, particularly in insurance, family, and social settings. Younger individuals were
more likely to experience discrimination in the insurance setting. Overall, highly educated
individuals were also more likely to report discrimination. These results provide direction for
clinical and family discussions, counseling practice, and policy aimed at mitigating experiences of
GD.
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Introduction
The focus of genetic medicine has been shifting from genetic testing for monogenic
disorders to genomic assessment of risk for common, complex disorders. Yet, despite
substantial advances, uptake of genetic testing remains low. One reason is the fear of
potential misuse and misunderstanding of genetic information in areas such as insurance and
employment [Harper et al., 2004].

Genetic discrimination (GD) refers to differential treatment based on genetic differences as
opposed to physical features [Billings et al., 1992]. Fear of GD has resulted in low
participation rates in genetic testing programs and genetic research [Peterson et al., 2002;
Hadley et al., 2003]. For example, many women in the US at increased risk for hereditary
breast cancer decline testing for the BRCA1/2 susceptibility gene for fear of health insurance
discrimination [Peterson et al., 2002]. Approximately half of them would have been found at
high risk if they had been tested [Peterson et al., 2002], and thus deny themselves possible
preventative management due to fear of discrimination.

US policymakers have responded to these concerns by implementing federal legislation
aimed at prohibiting GD in health insurance and employment. Although the Genetic
Information Non-discrimination Act of 2008 (GINA) was regarded as a breakthrough for
genomic medicine, it does not require health insurers pay for interventions that genetic
testing may indicate is necessary or prohibit use of genetic information in life, disability or
long-term care insurance [Baruch and Hudson, 2008].

A recent study revealed that GD is frequent in these additional insurance contexts. Among
233 individuals at risk for Huntington disease (HD)—167 who had been tested for the HD
mutation (83 tested positive and 84 tested negative), and 66 who had chosen not to have the
genetic test—approximately 30% experienced discrimination with regard to life insurance or
long-term disability insurance, or from mortgage companies [Bombard et al., 2009].
Discrimination was also reported in family (15.5%) and social (12.4%) situations, with
fewer reports of employment (6.9%), health care (8.6%), or government-related (3.9%)
discrimination. Further, having a family history of HD, even in the absence of a mutation-
positive test result, is a major reason for experiences of GD [Bombard et al., 2009].

Alternative intervention strategies and support programs need to be developed to help
individuals mitigate discrimination in these additional settings, and in countries where
relevant protections do not exist. Although the nature and extent of GD in HD has been
described, little is known about who is most at risk for experiencing discrimination, and thus
for whom such strategies ought to be targeted [Pulst, 2009; Tibben, 2009]. The objective of
this study was to describe the socio-demographic characteristics and factors that are
associated with experiencing GD among individuals at risk for HD.

Methods
Study Design, Sample, and Measures

We conducted a cross-sectional survey at seven Canadian genetic and movement disorders
clinics in 2006, targeting a total of 300 participants: those who were mutation-positive,
mutation-negative, or not tested. We targeted individuals ≥18-year old who had a family
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history of HD and who were not symptomatic, which was defined as having a Unified
Huntington Disease Rating Scale (UHDRS) score ≤2 and not having been diagnosed with
signs of HD within the past year, by movement disorder specialists. We obtained ethics
approval from relevant boards and informed consent from each respondent.

The survey design and administration, questionnaire content, and testing have been
described in detail elsewhere [Bombard et al., 2009]. In brief, we selected and adapted
questionnaire items on the basis of previous qualitative studies [Bombard et al., 2007, 2008;
Penziner et al., 2008] and validated instruments [Krieger et al., 2005; Taylor et al., 2008].
The questionnaire was self-administered.

Respondents reported information about their age, sex, marital status, number of children,
educational attainment, employment status, income, and ethnicity. To assess genetic test
status, we asked “Have you had a genetic test for HD?” and “Did you get a positive test
result (i.e., you have inherited the HD gene mutation)?” (Mutation status was also confirmed
through medical records). We obtained information about when they learned of their genetic
risk by asking: “In approximately what year did you first become aware that HD was in your
family?” and “In what year did you have the genetic test?”

We assessed self-perceived experiences of discrimination by asking: “Have you ever
experienced GD in any of the following situations because of your family history of HD?”
and “Have you ever experienced GD in any of the following situations because of your
genetic test result?” Each question was followed by a list of 23 possible situations of
discrimination on the basis of either their family history or genetic test result (a list of 23
situations with the six subgroups are provided in Supplemental Table I). If participants
responded “yes” to at least one situation, we classified them as having experienced
discrimination. We described discrimination as being “unfairly prevented from doing
something, or being treated unfairly,” based on the most common interpretation provided by
participants in qualitative research that preceded survey development [Bombard et al., 2007,
2008; Penziner et al., 2008].

Statistical Analysis
We examined factors associated with experiences of GD in univariate logistic regression
analyses, by setting (each with a binary outcome variable indicating whether the respondent
had at least one perceived experience of GD in that setting or not). Due to the small sample
sizes, settings were grouped as follows: insurance, family/social, and “other” (i.e.,
employment/health care/public sector). Then, we entered variables with P < 0.20 into a
multivariable logistic regression model for each setting. We also estimated an overall model
to illustrate factors associated with experiencing GD in the total sample, when all settings
are combined.

The age when an individual learned of their family history is the difference between the age
when they were surveyed and the number of years since they learned of their family history.
We could not enter all three of these time-related variables in the same model because the
third is completely determined by the other two, so we selected the two variables that were
significant in the univariate analyses for inclusion in the multivariable model. The age of
learning one’s family history was dichotomized at the median (age 25 years) in order to
facilitate interpretation of the results (the results were similar whether it was entered as a
continuous or categorical variable).

Two-sided P-values of 0.05 or less were considered to indicate statistical significance. We
used SPSS 17.0.0 (SPSS Inc., Chicago, IL).
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Results
Participants

We invited 299 individuals to participate in the survey, of whom 239 (79.9%) responded.
We excluded six respondents who had UHDRS scores >2 after consenting to join the survey
but before completing the survey questionnaire, yielding a sample size of 233, which
represented a 79.5% response rate. Responders and non-responders did not differ
significantly in terms of being tested or not (P = 0.334), or by positive or negative mutation
status (P = 0.365), age (P = 0.077), or gender (P = 0.206). The socio-demographic
characteristics of the respondents (Table I) were similar across all test status categories. The
characteristics of our sample are similar to other HD study populations, although our sample
is more educated and older [Wiggins et al., 1992; Almqvist et al., 2003]. The age when each
respondent learned their family history of HD and the time interval (years) between learning
the family history and completing the survey did not significantly differ across test status
categories (Table II).

The prevalence of experiencing GD within each of the genetic test status categories in this
sample has been described in detail elsewhere [Bombard et al., 2009]. As previously
reported, 42 (50.6%) individuals who experienced discrimination were mutation-positive; 29
(34.5%) were mutation-negative; and, 22 (33.3%) had not been tested for HD [Bombard et
al., 2009].

Factors Associated With Experiencing Genetic Discrimination
Based on the results of the univariate analyses (Table III), age, education level, age of
learning of one’s family history of HD, and genetic test status were entered into
multivariable models for each setting and for an “overall” model, which included all settings
(Table IV).

In the insurance setting, age, mutation status, and the age of learning of one’s family history
of HD were significantly associated with GD. Individuals who learned of their family
history at an earlier age (OR = 2.35; 95% CI: 1.13–4.86; P = 0.022) and younger
respondents (OR = 0.97; 95% CI: 0.94–1.00; P = 0.038) were more likely to experience GD
in the insurance setting. In addition, those who were mutation-positive were more likely to
experience GD than those who were mutation-negative (OR = 2.26; 95% CI: 1.06–4.82; P =
0.036).

In the family/social setting, age of learning of one’s family history of HD and mutation-
positive status were significantly associated with GD. Individuals who discovered that they
are at risk for HD at a younger age (OR = 4.08; 95% CI: 1.68–9.93; P = 0.002) and those
who are mutation-positive (OR = 3.83; 95% CI: 1.59–9.21; P = 0.003) were more likely to
experience discrimination in social/family settings.

In the other settings (i.e., employment, health care, and public sector), no statistically
significant associations were observed.

In the “overall” model that combined all settings, education (OR = 2.71; 95% CI: 1.43–5.13;
P = 0.002), the age of learning of one’s family history of HD (OR = 3.08; 95% CI: 1.53–
6.20; P = 0.002), and mutation-positive status (OR = 2.84; 95% CI: 1.35–6.00; P =0.006),
were significantly associated with GD, but age was not significant.

There was no significant difference between being mutation-negative versus not being tested
in any of the settings or overall model.
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Discussion
Our study provides novel insights into the factors associated with GD. Individuals who
learned they are at risk at a younger age and those who are mutation-positive were more
likely to experience GD, particularly in insurance, family, and social settings. Highly
educated individuals were also more likely to report discrimination, when all settings are
combined. Further, younger individuals were more likely to experience discrimination in the
insurance setting. These results offer insights for clinicians supporting individuals through
genetic testing and counseling to determine whom among the at-risk population is most
likely to experience GD.

The age when one discovers the family history of HD appears to be a salient factor
associated with GD, particularly in the insurance, and family/social settings. This finding is
consistent with previous research, which has shown that the family history is the major
reason for GD [Bombard et al., 2009] and that children’s age is a critical factor in parents’
decisions about when to inform them of their genetic risk [Forrest et al., 2003; Gaff et al.,
2007; Klitzman et al., 2007; Forrest Keenan et al., 2009]. Communicating genetic risk to
children is a complex issue for families; and, for parents of HD families, in particular
[Forrest et al., 2003]. It is not clear what the optimal age is when young people should be
informed about their genetic risk for HD. Some studies suggest that adult children prefer
early disclosure of genetic risk; and, that growing up knowing about HD at an early age
allows youth to cope better when relatives are symptomatic and removes the veil of secrecy
around HD in families [van der Steenstraten et al., 1994; Forrest et al., 2003; Klitzman et al.,
2007; Forrest Keenan et al., 2009]. However, other studies point to children’s preferences to
be told later [Klitzman et al., 2007; Forrest Keenan et al., 2009]. Often relatives “decline to
tell” their families about their genetic risk [Forrest et al., 2003] as a way to protect them as
long as possible from its consequences, including the potential of GD [Forrest et al., 2003;
Klitzman et al., 2007]. Ultimately, choosing the appropriate time to inform relatives of their
family history involves a delicate balance where the potential of harm (or benefit) of
imparting this news must be weighed against the responsibility to share important
information that may shape future decisions [Gaff et al., 2007].

One could hypothesize that the younger a person is when they learn about their family
history, the more likely that information becomes relevant in subsequent life events,
including insurance contracts, career decisions, family- and general life-planning. In fact,
studies support this hypothesis, indicating that a family history of HD is a crucial framework
for personal decision-making regarding reproductive, marital, career, and predictive testing
choices [Cox, 1999; Taylor, 2004], and an individual’s stage of life is an important factor in
his/her engagement with GD [Bombard et al., 2008]. Arguably, learning about a genetic risk
later in life—after insurance arrangements, career, and reproductive decisions are set in
place—may reduce the likelihood of GD. Indeed, in our study those who learned of their
family history after the age of 25 were less likely to experience GD (Fig. 1). This
relationship persisted when we adjusted for the age of the respondents when they were
surveyed. One explanation is that individuals who became aware of their family history
earlier simply had more time to encounter episodes of discrimination.

However, this relationship was not dependent on the number of years since the respondents
learned their family history. It is possible that those who learned their family history early
had a parent whose diagnosis occurred at an earlier age and the reported discrimination was
because they were living with an affected parent.

Despite our results that link the early discovery of the family history of HD with
experiencing GD, there are many factors that come into play when considering such
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disclosure, some of which include: families’ style of communication [Forrest et al., 2003;
Gaff et al., 2007], the nature of the disease [Wilson et al., 2004], and the availability of
treatment [Wilson et al., 2004]. Arguably, the increasing discovery of presymptomatic
biomarkers for HD [Paulsen et al., 2008; Tabrizi et al., 2009] may facilitate the early
initiation of treatment so that the benefit of protective treatment would outweigh the
potential risks in the early discovery of a family history of HD. Clearly then, the potential
for discrimination represents only one piece of a larger puzzle families must grapple with
when timing the disclosure of the family history of HD to relatives.

Receiving a mutation-positive test result confers near-certain risk of disease. Overall,
mutation-positive individuals were nearly three times more likely to experience GD than
mutation-negative respondents. However, these findings do not imply that mutation-negative
individuals do not experience GD. Based on our analyses, there was a similar likelihood of
experiencing GD among mutation-negative individuals as those who had not been tested in
all settings. Indeed, previous research based on this sample showed that 34.5% of the 84
mutation-negative respondents, as well as 33.3% of the 66 respondents who had not been
tested for HD, experienced GD, primarily due to their family history [Bombard et al., 2009].
Taken together, these findings underscore the fact that learning about a family history early
confers risk of GD, and mutation-positive status may make discrimination even more likely.

Overall, education was significantly associated with GD. Respondents who experienced
discrimination were almost three times more likely to have completed university or teachers
college. Higher educational attainment has also been associated with reports of racial
[Borrell et al., 2007] and gender [Watson et al., 2002] discrimination. While university
completion is indicative of higher socioeconomic status, we did not find a significant
association between experiencing discrimination and either the respondents’ income or
employment status. An alternative explanation for this relationship could be that education
may be linked to a general awareness of contemporary issues, one of which is GD. This
awareness may influence how individuals perceive, or engage with GD [Bombard et al.,
2008]. Individuals highly engaged with GD may more readily identify unfair treatment as
discriminatory as opposed to minimizing or dismissing its occurrence [Bombard et al.,
2007]. Moreover, individuals with higher education levels may be more informed about
genetic issues. For example, in a post hoc analysis, the proportion of individuals who
completed university who rated their knowledge of the possible advantages and
disadvantages of genetic testing as 4 or more (on a scale of 1–5) was significantly greater
than the proportion of those with lower education levels (82.9% vs. 66.7%; P = 0.013).

Although education was significantly associated with GD when all of the settings were
combined (OR = 2.7; P = 0.002), this relationship did not achieve statistical significance in
the multivariable models by setting. We observed that the odds ratios for the association
between high education levels and GD in the insurance and family/social settings were in
the same direction (OR > 1) as the overall relationship. An exception occurred in the other
settings (employment, health care, and public sector), where an inverse relationship (OR <
1) occurred. Further research with larger samples to elucidate the nature of the relationship
is warranted.

Younger individuals were more likely to report experiences of discrimination when applying
for insurance. This finding may indicate that insurers are currently requesting family history
and genetic test results as part of their applications. This is consistent with results from an
informal survey of Canadian life insurance contracts from 2004, where over 90% of
insurance companies ask about the presence of a genetic disease in the family, and
specifically HD in many cases [Harper et al., 2004]. With the proliferation of genetic testing,
implicit or explicit questions regarding genetic information in insurance applications are
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likely to increase and our finding that younger respondents were more likely to report
discrimination in insurance appears consistent with this explanation.

The introduction of GINA was a significant step forward for individuals concerned with
participating in genetic testing or research in the US. However, with its focus on health
insurance and employment, GINA does not address commonly occurring life and disability
insurance discrimination, family and social discrimination, and the potential for unfair
treatment in health care, government, education, and other settings [Bombard et al., 2009].
Moreover, few other G8 countries have legislative protections in place, and where these
exist they are similarly limited to prohibiting discrimination in insurance and employment
sectors (Table V). Therefore, other approaches are also needed.

Initiating public education campaigns about genetics would increase the public’s awareness
and may reduce stigma. Such initiatives have been undertaken in Australia and the UK,
where genetic education centers promote public awareness and professional education on
genetics and provide educational materials on the potential of GD [New South Wales
Health, 2007; North West Genetics Knowledge Parks, 2009]. Most clinicians are unaware of
GD laws in their jurisdictions [Nedelcu et al., 2004], and this lack of information may
influence their decision to refer patients for genetic testing [Nedelcu et al., 2004], effectively
creating a barrier to those who may benefit from possible psychological relief, preventative
management, or treatment opportunities.

Health providers are in a unique position to help testing candidates mitigate GD. Given the
reported occurrence of discrimination in family settings [Bombard et al., 2009], it is
important for providers to discuss patients’ plans for disclosure of test results during pretest
counseling. Raising the potential reactions within families and with friends may provide an
opportunity to tailor strategies to cope with such consequences. Other potential strategies
have been previously identified to manage GD in insurance and employment contexts
[Bombard et al., 2007], and include: anonymous testing [Burgess et al., 1997], maintaining
shadow charts [Bower et al., 2002], and not sending a letter to family physicians so that
they, along with insurers and employers, remain unaware of an individual’s involvement in
predictive testing. These strategies raise salient issues with regard to optimal care and
information sharing, and thus ought to be used cautiously.

Our findings should be considered in the context of several limitations. The results provide
general factors associated with experiencing GD and did not take into account the timing of
the experience with respect to either learning the family history or the individual’s current
age, or the number of affected relatives in a pedigree. We also relied on self-reported data,
and it is possible that respondents may not have accurately recalled when they learned their
family history. Some individuals learn of their family history at a discrete point in time,
while others acquire this awareness gradually [Cox, 1999]. Although we relied on the survey
respondents’ reported experiences of discrimination rather than confirmed episodes, cases of
consumer-reported experiences of GD have been verified by others [Barlow-Stewart et al.,
2009]. Nevertheless, it is possible that some people are more likely than others to feel that
they have suffered GD in similar circumstances.

Our sample was recruited from participants in predictive testing and genetic research, who
may differ from other individuals who are at risk of HD. Our sample had higher education
levels than samples in other studies of HD populations [Wiggins et al., 1992; Almqvist et al.,
2003]. Until further research is conducted on a broader sample, our results should be
generalized cautiously. Our study was based in Canada, and the findings may not be
generalizable to other countries or to populations who do not have access to universal
publicly funded health care.
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Genetic discrimination was rare in certain settings in this sample: few individuals
experienced discrimination in the employment (n = 16), health care (n = 20), or public sector
settings (n = 9). Even though we combined these settings to create a large sample size for
the analyses (n = 34), there may have been too few observations to detect statistically
significant associations. Moreover, although these settings were conceptually similar, we
have presented the combined results with the caveat that there may have been differences
among these three settings that affected the precision of the estimates. We performed
multiple analyses, which can increase the probability of obtaining a significant result.
However, this would not likely explain the findings in this study because the results were
similar across the models, and the P-values in the overall model were quite small.

In conclusion, this study provides evidence that some people who are at risk for HD were
more likely to experience GD than others. These results provide direction for clinical and
family discussions, counseling practice, and policy aimed at mitigating experiences of GD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Number of respondents who experienced discrimination by the age when they learnend of
their family history of HD.
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Table V

Regulatory Structures Concerning the Use of Genetic Information by Insurers and Employers Across G8
Countries

Country
Insurance

Employment Legislation
Moratorium Legislation

Canada Partiala No No

France Yes Yes Yesc

Germany Yes Yes Yesd

Italy No No Yese

Japan No No No

Russia No No No

United Kingdom Limitedb No No

United States No Yes Yesf

a
Partial moratorium: insurers would not request that an applicant undergo testing, but may request the results of previous tests.

b
Limited moratorium: insurers would not ask an applicant to undergo genetic testing or request previous test results for policies under a certain

dollar amount. Beyond this “threshold” or “ceiling”, insurers would be permitted to request and use the genetic testing in their premium
assessments.

c
Legislation prohibits genetic testing by employers.

d
Legislation allows the use of genetic tests for life, disability, occupational, and pension insurance contracts exceeding EUR 300,000.

e
Legislation allows employers to use genetic tests where there is an unambiguous health requirement for the job.

f
Legislation prohibits use of genetic information in job-related decisions.

Adapted, with permission, from Lemmens et al. [2004] Genetics and Life Insurance: A comparative analysis. GenEdit
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