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Abstract

Globally, due to public concerns of genetic discrimination, some countries and insurance
industries have adopted policies restricting insurer use of genetic information, such as the US
Genetic Information Nondiscrimination Act (GINA). This study reports on combined analysis
of two surveys assessing public knowledge of GINA and concerns of genetic discrimination

in a diverse U.S. sample (N=1616). We focus on whether occupation, genetic testing history,
and insurance status are correlated with knowledge of GINA or concerns of discrimination.
While bivariate analysis identified some populations with higher subjective/objective knowledge
and concern relative to counterparts, multivariable regression identified very few significant
associations with outcomes of interest. Overall, this study highlights lack of awareness and
understanding of GINA, even among subpopulations hypothesized to have greater knowledge

of the law. These findings have implications for the broader debate around insurer use of genetic
information.

Section 1: INTRODUCTION

As scientists started to unravel the secrets of our genes in the Human Genome Project in the
1990s, public concern about the possibility of genetic discrimination began to grow (Billings
et al., 1992; Gostin, 1991). The main concern has long been insurance discrimination,

which has led to an ongoing debate, both in the United States and abroad, over whether
insurance companies should be able to use the results of genetic tests in underwriting

(Hall et al., 2005; Wauters & Van Hoyweghen, 2016). In much of the world, the debate

has predominately focused on non-health insurance lines (Joly et al., 2010), since many
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countries have national health systems or insurance programs. In the US, however, since
health insurance is still predominately sold by private companies to groups and individuals,
concerns about discrimination on the basis of genetic information initially focused on health
insurance markets (Hall & Rich, 2000). This paper broadly discusses both health and non-
health lines of insurance, although discussions of policies outside the US will predominately
focus on insurance lines beyond health.

Insurers argue that lack of access to information about genetic risk could lead to instability
in the market since they would not be able to set premiums with full knowledge of risk
(Born 2019; NAIC, 1996). This is especially a concern if there is asymmetrical information
between the insurer and the applicant, such as where the individual knows about future
genetic risk that the insurer is unaware of or barred from learning (Born, 2019; Lombardo,
2018). From the insurer perspective, information about risk is central to the insurance
enterprise (American Academy of Actuaries, 2011). For example, if two life insurance
applicants have the exact same risk profile, except one has a genetic predisposition to cancer
and the other does not, the life insurer may charge the individual with the predisposition
more for the policy—all else being equal—since cancer is linked to higher mortality rates.
Insurers worry that if they cannot consider genetic test results, there may be anti-selection,
where information asymmetry between the insurer and applicant allows the applicant to
obtain insurance for a lower premium than their risk reflects (Berry, 1996; Macdonald & Yu,
2011). Anti-selection could lead to economic instability or, at an extreme, a death spiral for
the insurance industry (Born, 2019). If such instability occurred, the harm to both insurers
and the public could outweigh any benefit derived from restricting information as premiums
could increase across the board (Born, 2019).

Opponents of insurer use of genetic information worry that it is unfair to discriminate
against someone based on such an immutable, personal, and uncontrollable trait as one’s
genetic make-up, in the same way it is unjust to discriminate based on race or gender
(Prince, 2017). They also fear that discrimination could lead to a so-called genetic
underclass—a group of people unable to access insurance or other parts of society because
of their genes (Holmes, 1996; Macdonald & Yu, 2011) Finally, they argue that barring
insurer use of genetic information can potentially save lives (Rothstein, 2018). Evidence has
shown that some individuals fail to get medically necessary, preventive genetic testing out
of fear of insurance discrimination and may therefore miss the opportunity to prevent or
mitigate disease in themselves or their family (Rothstein, 2018).

In response to public concerns of genetic discrimination, a number of countries have adopted
policies regulating insurer use of genetic information. One worldwide review identified
policies addressing genetic discrimination in insurance across 47 countries (Joly et al.,
2010). For example, in Great Britain, in 2001, the Association of British Insurers (ABI)
agreed to a short-term, renewable moratorium on the use of predictive genetic test results,
defined as those that “predict a future risk of disease in individuals without symptoms of

a genetic disorder” (Mayor, 2001; HM Government [UK Code], 2018). The moratorium
applies to insurance companies that are members of the ABI, including life, critical illness,
income protection, motor, and travel insurance. Under this agreement, insurers can only
consider genetic test results that are approved by a committee for high-value insurance
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policies. The only genetic test that insurers can take into account is a predictive test for
Huntington’s Disease (HD), a severe, neurodegenerative condition, and only when a person
is applying for a life insurance policy of over £500,000. Insurers and the British government
have renewed the policy multiple times (UK Code, 2018).

In 2017, the Canadian Parliament passed the Genetic Nondiscrimination Act (GNA), which
makes it a criminal act to consider a person’s genetic test results during contract formation,
including any insurance contract (5201, 2017; Bombard & Heim-Myers, 2018). Despite
the Canadian insurance industry’s strong opposition, the GNA passed unanimously in the
House of Commons and with wide support in the Senate. The bill was challenged as
unconstitutional, but the Canadian Supreme Court upheld it in 2020 (Stefanovich, 2020).

In 2008, the United States Congress passed the Genetic Information Nondiscrimination

Act (GINA), which bars health insurers and employers from discriminating on the basis of
genetic information (GINA, 2008). GINA focuses only on one line of insurance—health;

it does not prohibit other insurances—Iife , disability, long-term care (LTC), auto, or
property—from using genetic information (McGuire & Majumder, 2009).% One primary
motivation for the law was to encourage greater participation in genetic testing and research
by assuaging public fears of genetic discrimination. However, in the thirteen years since
GINA'’s passage, knowledge and utilization of the law has remained low (Huang et al,

2013; Areheart & Roberts, 2018). Under the US federalist system, states are left, jurisdiction
by jurisdiction, to decide whether other insurers should have access to genetic test results
(Anderson et al., 2021; NHGRI 2021). Notably,in 2020, with bipartisan support, Florida
became the first US state to prohibit life, LTC, and disability insurers from using genetic test
results to set premiums or to cancel, limit, or deny coverage (Born 2019; Lewis et al., 2021).

This paper reports the results of two surveys of the general US public that measure current
knowledge and understanding of GINA’s legal protections, as well as individuals’ concerns
of genetic discrimination. Overall, we find that knowledge of GINA is low and that even
those who report that they are aware of the law often misunderstand its actual protections.
Respondents also report concerns of discrimination across insurance lines and indicate that
they would decline hypothetical genetic testing due to these concerns. In this paper we
explore whether and how occupation (science, medicine, legal, military), history of genetic
testing (clinical and direct-to-consumer), and insurance status are associated with knowledge
of GINA and concerns regarding genetic discrimination.

Section 2 briefly summarizes the changing landscape of genetic testing. Section 3 presents a
literature review on global studies measuring fear of discrimination and US studies assessing
knowledge of GINA. Section 4 introduces the methods and analysis of surveys presented

in this paper, and Section 5 presents an overview of initial findings reported separately

and results of the combined analysis. Section 6 concludes with a discussion of the results,
including considerations about what these findings could mean for other countries that have
regulation in this area and topics for future research.

S\ the context of employment, GINA also only covers employers with 15 or more employees, as well as state and local government
employees. Other limitations include that it does not cover some federal government employees or health insurance programs, such as
military and Veteran health insurance.
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GENETIC TESTING LANDSCAPE

Although discussions of insurer use of genetic information often reference genetic testing
broadly, not all tests are equally as helpful or important to insurers. Therefore, the impact

of policies that restrict use of genetic tests will depend on the scope of testing included.
This section introduces some of the complexities of genetic testing and the implications

for insurance. First, it defines types of genetic tests and discusses how policies regulating
insurer use of genetic testing have defined genetic information. Second, it notes how genetic
testing complexities create varied predictive values.

Scope of policies

To understand the scope of regulation of insurer use of genetic tests, it is important to
distinguish between diagnostic and predictive tests. For example, BRCA1/2 testing may be
done in a woman who has breast cancer (diagnostic) or in an asymptomatic woman with a
positive family history of cancer (predictive). Policies regarding insurer use of genetic test
results have approached the scope of testing differently. For example, while the UK Code
on Genetic Testing only covers predictive testing (UK Code, 2018), the GNA in Canada
applies to both diagnostic and predictive testing (S201, 2017). The GNA, therefore, could
have a greater economic impact on the insurance industry than if it had been narrowed to
predictive testing (Bélisle-Pipon et al., 2019; Lombardo, 2018; Prince, 2018). In the US,
GINA defines genetic information broadly to include not only genetic test results, but also
family medical history, participation in genetic research, and use of genetic services, such as
genetic counseling, therefore significantly expanding the impact on covered health insurers
(GINA, 2008).

Genetic tests and insurance underwriting

Even within the scope of genetic tests that insurers are allowed to take into account,
available tests greatly vary in their sensitivity (ability to detect a genetic variant in an
affected individual) and predictive value (likelihood of having symptoms if have a genetic
variant). Limitations in technology mean that not all genes and gene changes that cause

a genetic condition can be detected with current testing. In addition, depending on the
genetic condition, even when a gene change is identified, an individual may or may not be
symptomatic and age of onset, type of symptoms and severity can vary. This is especially
the case for genetic conditions that vary in their penetrance, which is the likelihood a
person is to develop a disease if they have a genetic variant. HD is one of the few adult
onset genetic conditions that is near 100% penetrant—meaning that a person who has

the genetic variant is certain to get the disease if they live long enough. However, there
are many genetic conditions with much lower penetrance, lessening the predictive value
for insurers (Macdonald & Yu, 2011). Additionally, the symptoms can range from mild

to severe and often, it is not possible to predict which person will develop the severe
symptoms. For some genetic conditions, there can be genotype-phenotype correlations
where specific gene changes have implications for symptom severity. Depending on the
genetic condition, an individual’s lifestyle and environment may have an impact. Finally, for
some genetic conditions, screening or preventive measures are available which can reduce
risk. For example, women with a pathogenic BRCA1/2 variant can undergo prophylactic
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surgery to reduce the risk of cancer. In the case of life insurance, this prevention may
successfully mitigate much of the mortality risk. In short, genetic testing is incredibly
complicated and the predictive value of many genetic tests may be low for a wide variety of
reasons (Macdonald & Yu, 2011).

FEAR OF GENETIC DISCRIMINATION AND KNOWLEDGE OF

Fear of genetic discrimination has been studied across the globe. A 2016 systematic
literature review identified 42 studies spanning 19 years (1996-2014), comprising research
from the US, Canada, Australia, and Europe (Wauters and Van Hoyweghen, 2016). Several
studies looked at both legislative policies and concerns of genetic discrimination (Wauters
& Van Hoyweghen, 2016; Klitzman, 2010; Hall et al., 2005; Geelen et al., 2012; Allain

et al., 2012). For example, one qualitative study highlighted interviews from families who
were still worried about genetic discrimination despite Dutch regulations that outlaw such
discrimination (Geelen et al., 2012). Although Wauters and Van Hoyweghen note that a
policy may fail to address concerns of genetic discrimination for a number of complex
reasons, one key explanation cited is a lack of awareness of the existence and scope of the
policies (2016).

Both the lack of awareness of legal protections and concern about discrimination have also
been studied in the US. For example, studies have found patient awareness levels of GINA
ranging from 8.8% (Huang et al., 2013) to 20% (Parkman et al, 2015; Cragun et al., 2019).
Additionally, even amongst patient groups with a genetic condition, knowledge of GINA
was still lower than that of other privacy laws, such as the Health Insurance Portability and
Accountability Act (HIPAA) (Dorsey et al., 2013). Studies of US health care professionals
have found greater knowledge than among the general population, but still low levels of
awareness. For example, two studies revealed that over half of surveyed physicians reported
they were not aware of GINA’s passage (57.1% and 54.5%, respectively) (Fusina, 2009;
Laedtke et al., 2012). Another study found that only 33.8% of surveyed nurse practitioners
were familiar with GINA (Steck et al., 2016). Studies of genetic counselors yielded more
promising results; overall, genetic counselors were knowledgeable about GINA’s major
protections (99.3%), although there remained confusion about some specific provisions
(Pamarti, 2011).

As noted by Wauters & Van Hoyweghen, US studies have also identified concerns of genetic
discrimination (2016). They found that, across the studies, people had greater concerns
about genetic discrimination in insurance than in employment and that fear of discrimination
in insurance settings is linked to a greater unwillingness to undergo genetic testing. One
study, published after the systematic review, found that 28% of people who declined to
participate in a genetic research study cited fear of insurance discrimination as their primary
reason for declining (Amendola et al., 2018).
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Section 4: METHODS, MEASURES, AND ANALYSIS

In this paper, we report combined analysis from two surveys of the general US population
conducted in April and July 2020. Both surveys recruited US residents aged 18 and older
using Qualtrics Research Services. Sampling quotas were created for gender, age, race,
ethnicity, educational attainment, and total household income to have characteristics closely
mirror the general US population. Participants were excluded if they did not reach the

end of the survey questions (although individual questions could be skipped) or if their
responses did not meet data cleaning standards. Further details on the methods and measures
are available in additional publications (Lenartz et al., 2021; Prince et al., fc). Participants
received compensation through Qualtrics Research Services. The surveys were determined
to be exempt by the University of lowa IRB.

The first survey (n=421) included a total of 58 questions designed to gather

information about respondents’ demographics, knowledge of GINA, and concern of genetic
discrimination. The second survey (n=1195) included a total of 67 questions designed to
test how informed consent language influenced respondents’ willingness to participate in

a hypothetical genetic research study. The questions were developed based on literature
reviews and included both validated survey measures and novel questions. Questions
included multiple choice and Likert scale formats. Although the two surveys had different
primary research goals, a total of 56 questions were the same between the surveys. This
allows for a combined analysis (n=1616) utilizing several shared questions.

Demographics

Both surveys collected standard demographic questions including age, gender, race/ethnicity,
education, and income. We also included questions that we hypothesized may correlate with
concerns of genetic discrimination or knowledge of GINA. These additional questions fell
into three categories: 1) occupation; 2) history of genetic testing and/or genetic conditions;
and 3) insurance status. We were unable to include these three demographic categories

in previous study analyses due to insufficient numbers of respondents in each category to
achieve satisfactory power. The combined analysis allows us to interrogate whether and how
these characteristics are associated with our outcomes of interest: knowledge of GINA and
concern of genetic discrimination.

Occupation—We asked respondents about employment status, including whether they
worked, were retired, were a student, or had a disability that prevented them from working.
If respondents indicated that they worked part-time or full-time, we then asked whether
they worked in science, health, or legal fields. We hypothesized that individuals with these
occupations may have greater knowledge of GINA. Additionally, because GINA does not
cover military or veteran health insurance programs (Baruch & Hudson, 2008), we asked
whether respondents currently serve in the military or are veterans.

Genetic Testing—We also hypothesized that individuals who had been offered genetic
testing or had a personal and/or family history of a genetic condition would be more familiar
with GINA. We asked two questions about whether the respondent and/or a first-degree
relative (parent, child, sibling) had been diagnosed with a genetic condition. We also asked
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prince et al.

Page 7

whether respondents had been offered and completed genetic testing, including diagnostic,
predictive, carrier, prenatal, and direct-to-consumer genetic testing.

Insurance status—Since the most commonly cited GINA gaps are in life, LTC, and
disability insurance, we asked a series of questions about coverage across these three
insurances. Respondents could indicate whether they had group, individual, government
(when applicable, like short term disability insurance plans in several states), or another

type of coverage. However, for the current analysis we collapsed these responses into three
separate dichotomous variables for having life, LTC, and disability insurance. We also asked
about specific categories of health insurance coverage (no coverage, individual, group, or
government insurance like Medicare or Medicaid). Finally, we asked whether respondents
had ever been denied insurance due to a medical condition. We did not specify which type of
insurance and this question followed those about all four types of insurance.

Knowledge of GINA

Respondents across both surveys were asked how familiar they were with GINA. We
collected this subjective familiarity using a 7-point Likert scale with scale anchors of Not
at all familiar (1) and Extremely familiar (7). Both surveys also assessed respondents’
objective knowledge of GINA by asking whether the law provides protection in health
insurance, employment, life insurance, LTC insurance, disability insurance, auto insurance,
and property insurance. Only health insurance and employment are correct answers. Both
surveys included identical objective knowledge questions. While respondents from survey
2 were given some information about GINA’s protections in mock informed consent
language, the subjective knowledge questions were asked prior to the mock informed
consent language.

Concern of genetic discrimination

Section 5:

Respondents were asked how likely it was that genetic information would be used to
determine employment status and health, life, LTC, and disability insurance coverage.
Then respondents were asked how likely they would be to decline genetic testing based
on concerns of results impacting each of the areas above. Both questions used 7-point
Likert scales with scale anchors of Not at all likely (1) and Very likely (7). For survey 2
respondents, these questions were asked after the mock informed consent language.

Data from both surveys were combined and analyzed using Stata. In addition to descriptive
statistics, we tested for significant bivariate correlations, differences in means using t-tests
and ANOVAs, and multiple regression analyses.

RESULTS

In this section, we first briefly summarize key findings of each of the two surveys
individually. Then we present the results from analyses using combined dataset of responses.
In particular, the new analyses focus on the respondents’ occupation, genetic testing history,
and insurance status and their associations with knowledge of GINA and concerns of genetic
discrimination.
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Individual Surveys

Demographics—The initial surveys were comprised of 421 and 1195 respondents
respectively who approximately mirrored the general U.S. adult population in terms of age,
gender, race/ethnicity, income, and educational attainment (Table 1). In the combined group
(n=1616), 54.1% identified as female; 63.3% identified as white, non-Hispanic; and 37.6%
had completed a college or professional degree (Table 1). Overall, many of the key findings
regarding knowledge of GINA and concern of genetic discrimination were replicated across
the two surveys.

Knowledge of GINA—In previously reported individual survey findings, we found that
most respondents (>75%) reported low (48%) or moderate (37%) subjective familiarity
with GINA. Approximately 15% of respondents in each survey reported high subjective
familiarity. However, of those with high subjective familiarity, only about 60% correctly
identified that GINA protects against discrimination in the context of health insurance

and employment (Table 2). Of those with self-reported high familiarity with GINA, more
than half incorrectly believed that GINA covered life, LTC, disability, auto and property
insurances (Table 2). Some differences in objective scores across the two surveys may be
explained by the fact that respondents in the second survey received information about
GINA’s protections in mock informed consent language. However, analysis from the second
survey found no statistically significant difference in objective knowledge scores for GINA
across respondent groups shown different informed consent language. All respondents in
the second survey read information that GINA protected against genetic discrimination in
employment and health insurance, but additional information about gaps differed across the
respondents (Prince et al., fc).

Multivariable regressions found several common results. In both studies, older age was
statistically associated with a lower subjective knowledge of GINA. Better self-reported
health and greater religiosity were associated with higher subjective knowledge. We had
included religiosity because previous research has showed an association between increased
religiosity and increased concern about personal liberty (lyer et al., 2012), which we
hypothesized could relate to knowledge of privacy laws. In multivariable regressions
focused on knowledge variables, both studies found that subjective knowledge of GINA was
positively associated with subjective knowledge of genetics. There were other statistically
significant findings in the multivariable regressions, but they were not replicated across both
studies (Lenartz et al., 2021; Prince et al., fc).

Concern of genetic discrimination—Overall respondents in both studies were likely to
believe that genetic information would be used in insurance determinations and were most
likely to think that it would be used in life insurance, as compared to health, LTC, and
disability insurance. Out of a 7 point Likert scale from not at all likely (1) to very likely (7)
respondents in both surveys had an above mean response that they would be likely to decline
hypothetical genetic testing out of concern for its use in employment and health, life, LTC,
and disability insurance. Both surveys found that individuals were statistically more likely
to say they would decline genetic testing out of concern for use in health insurance than for
disability insurance and use in employment.
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Combined Analyses

Demographics—Combining data from both surveys allowed us to interrogate the effects
of three demographic categories: occupation, history of genetic testing/genetic conditions,
and insurance status. Overall, a small proportion of respondents worked in the fields of
science (7.3%), health (7.3%), and law (4.2%) (Table 3). Just 9.9% of respondents served in
the US military or were veterans.

When asked about diagnosed genetic conditions, 11.4% reported they had been diagnosed
and 16.8% reported a first-degree relative had been diagnosed (Table 3). Of note, 11.0%

and 13.6% of respondents indicated that they did not know if they or their first-degree
relative had been diagnosed. Respondents reported that they had been offered and completed
a variety of genetic testing such as diagnostic (17.1% offered, 9.0% completed), predictive
(10.3% offered, 4.7% completed), carrier (9.2% offered, 5.7% completed), and prenatal
(8.0% offered, 5.8% completed) (Table 3). These categories were not mutually exclusive.
Overall 17.3% of respondents had completed at least one of these types of genetic tests.
Some respondents (16.4%) had completed direct-to-consumer genetic testing.

Approximately 90% of respondents reported having health insurance coverage through
either individual coverage (14.5%), group coverage (41.8%), or government insurance, such
as Medicare or Medicaid (31.0%). Additionally, 55.2% of respondents reported having

life insurance coverage, 33.4% LTC coverage, and 27.8% disability coverage (Table 3).
Finally, 9.1% of respondents indicated that they had been denied insurance due to a medical
condition.

Knowledge of GINA—To assess whether and how knowledge of GINA was associated
with demographics related to occupation, genetic testing history, and insurance status, we
ran a series of bivariate comparisons and multivariable regression analyses across two
outcomes of interest: subjective knowledge of GINA and objective knowledge of GINA. As
will be discussed further below, since multivariate analysis did not find many statistically
significant findings, this indicates that bivariate analysis results should be interpreted with
caution as the results could be driven by other factors outside these subpopulations, like age,
education, or an unmeasured characteristic.

An overall objective knowledge of GINA score was calculated by taking the percentage of
correct responses from seven objective questions regarding GINA’s scope of protections.
Overall, objective knowledge of GINA scores were low across groups, with all analyzed
subpopulations receiving an average objective score below 50%. This means that many
did not know or erroneously believed that GINA either dlid not cover health insurance and
employment or did cover life, LTC, disability, auto and/or property insurance.

Bivariate analysis indicated that those working in science, health, and law reported higher
subjective familiarity with GINA than those not working in the respective fields (Table

4). However, bivariate analysis indicated that those in all four occupations did not have
statistically significant differences in objective knowledge of the law than their counterparts
(Table 4).
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Similar bivariate analyses were completed to assess differences across genetic history.

Here there was more consistency with findings across subjective and objective knowledge.
Respondents who had been offered genetic testing, completed genetic testing, undertaken
DTC testing, or had a genetic condition diagnosed in themselves or a family member had
both a higher average subjective knowledge of GINA and higher objective knowledge of
the law than those who did not (Table 4). However, when the analysis was broken down
further by testing type, there were differences. For example, while those who had completed
diagnostic testing had both higher subjective and objective knowledge of GINA, those who
had undergone predictive genetic testing reported a higher subjective knowledge than those
who did not have predictive testing, but there was no statistically significant difference
between the two groups’ objective knowledge of the law. Similarly, there were no significant
differences across subjective and objective knowledge for those who had undergone carrier
screening or prenatal testing and those who had not completed these tests.

Respondents who had been denied insurance due to a medical condition had both higher
subjective and objective knowledge of GINA than those without a denial (Table 4). Those
with group insurance were more likely than those with individual health insurance to

report high subjective knowledge and those with individual insurance were more likely than
those without insurance or with government insurance to report high subjective knowledge
(Table 4). Only those with individual health insurance had a statistically significantly higher
objective score compared to those without insurance.

Multivariate regression models were analyzed for subjective and objective knowledge of
GINA. The demographic variables of occupation, genetic testing history, insurance status,
gender, race and ethnicity, age, income, and education were included in the models (Table
5). Notably, when added to a multivariate analysis, most of the findings from the bivariate
analysis were not found to be statistically significant in the overall model. Older age

was associated with lower subjective knowledge of GINA (B=-0.04, p<.001) and being
offered genetic testing was associated with higher subjective knowledge of GINA (B=1.01,
p=.003) (Table 5). However, in the regression model for objective knowledge, none of the
demographic variables were found to be statistically associated (Table 5).

Concern of genetic discrimination—We tested whether occupation, genetic testing
history, or insurance status were associated with the belief that genetic information would
be used in insurance determinations and whether one would be likely to decline hypothetical
genetic testing out of concern for its use in one of these settings. Respondents who work

in science were more likely to believe that genetic information would be used in health
insurance determinations (although GINA legally prevents this) than those not working in
science. However, those working in health reported higher intentions to decline genetic
testing out of concern for its use in health insurance determinations than those not in the
field (Table 6).

Respondents who had taken a DTC test, been offered a genetic test, and completed a genetic
test were all more likely than counterparts to both think genetic information would be used
in health insurance determinations and to decline hypothetical testing out of those concerns
(Table 6). While those with a genetic condition in themselves or family members were
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likely to think that genetic test results would be used by insurers, there was no statistically
significant difference in their likelihood to decline genetic testing out of those concerns
(Table 6).

Respondents with group health insurance were more likely than those with government
insurance to think that genetic information would be used in health insurance
determinations. Additionally, those with group insurance were more likely than those with
no insurance to state that they would decline genetic testing (Table 6). Those who had been
denied insurance in the past had higher responses for both the determination and declining
questions (Table 6).

Multivariate regression analysis found that identifying as female is associated with a
decreased belief that genetic information would be used in health insurance determinations
(B=-0.77, p=.004), whereas having a better self-reported health is associated with increased
belief that it would be used (B=.35, p=.003) (Table 5). No demographics in our regression
were significantly associated with increased intentions to decline genetic testing out of
concern for use in health insurance determinations.

Finally, we ran three multivariate regressions to assess whether the knowledge of GINA
measures were associated with the likelihood of declining genetic testing out of concern for
the use of results in life, LTC, and disability insurance respectively (Table 7). An increased
belief that genetic information would be used in life insurance determinations (B=.50,
p<.001) and higher subjective familiarity with GINA (B=.09, p=.001) were associated with
a higher likelihood of declining genetic testing out of concern for use in life insurance.

This same pattern was mirrored for LTC and disability insurance (Table 7). While subjective
familiarity was statistically significant in all three regressions, objective knowledge of GINA
was not.

DISCUSSION:

These two surveys are part of the first population-based study to assess knowledge of

laws and fear of genetic discrimination across a diverse population. Prior studies have
predominately focused on particular patient groups or health care professionals (Wauters &
Van Hoyweghen, 2016; Lenartz et al., 2021) and few studies have assessed views of the US
general public (Huang et al., 2013). By combining responses from two surveys, we were
able to explore links between occupation, history of genetic testing, and insurance status and
our outcomes of interest.

Knowledge of GINA

Overall, both subjective and objective knowledge of GINA remain incredibly low across

the general population and within the specific subpopulations we analyzed. Furthermore,
high self-reported subjective knowledge of the law did not always equate to higher objective
knowledge. For example, while those working in science, health, and law reported higher
subjective familiarity, they did not have better objective familiarity than those outside the
fields.
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When examining history of genetic testing and knowledge of GINA, we found greater
agreement between higher subjective and objective knowledge. Those who had been offered
and undergone genetic testing, reported a genetic condition in themselves or a relative,

or were denied insurance due to a medical condition had higher subjective and objective
knowledge than their counterparts. However, upon further analysis, those completing
diagnostic genetic testing had greater objective knowledge than those not tested, but this
finding was not replicated for those completing predictive genetic testing. Thus, those
groups with both higher subjective and objective knowledge of GINA appeared to be those
with symptoms or with genetic conditions in themselves and their family. This makes
intuitive sense; those more highly engaged with medical care and specifically genetic-related
care could be more likely to gain knowledge of GINA (Allain et al., 2012; Huang et al,
2013). Insurance, however, treats those already diagnosed with medical conditions much
differently than those with predispositions. Indeed, GINA explicitly exempts manifested
genetic conditions from its protections (GINA, 2008).

The one distinction was the finding that those undergoing DTC testing had both higher
subjective and objective knowledge of GINA. These individuals would not necessarily be
ones with symptoms or engaged in medical care. Overall, even groups with higher objective
knowledge of GINA still had average scores below 50% for our objective GINA scale,
showing widescale misunderstanding of the law even in the most knowledgeable groups.
This is bolstered by the fact that regression analysis found no demographic variables
included in the model associated with higher objective knowledge, although younger

age and being offered genetic testing were associated with higher subjective knowledge.
Therefore, the differences in knowledge in the bivariate analyses could be due to other
respondent characteristics, since DTC testing was not found to be significant in multivariate
analysis.

Concern of genetic discrimination

We found that respondents indicated they would be likely to decline genetic testing out of
concern for how results could be used across a variety of insurances (M=4.76), a finding
supported by previous literature. Additionally, only approximately half of respondents
offered genetic testing for each category actually completed testing (Table 3). Some of these
decisions not to take genetic testing could be tied to discrimination concerns. While bivariate
analysis found that some subpopulations were more likely to decline genetic testing out of
concern for use, no demographics were statistically significant in multivariate regression
analysis.

In regression analysis, those identifying as male and indicating better self-reported health
were more likely to think that genetic information would be used in health insurance
determinations. It should be noted that GINA prohibits health insurers from using genetic
information. Therefore, respondents may either not fully understand GINA’s protections or
may not trust health insurers’ use of genetic information even with the law’s protections
(Balkrishnan et al., 2003). A similar dichotomy between understanding of the law and
concern for discrimination can be seen in the results exploring the likelihood of declining
genetic testing out of concern of use across life, LTC, and disability insurance. Here the
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two key predictors in multivariate analysis were how likely one was to think that genetic
information would be used in these settings and subjective knowledge of GINA (Table 7).
Therefore, those who reported more familiarity with GINA were more likely to say they
would decline genetic testing because of potential use in these areas. This makes sense given
that GINA does not regulate life, LTC, and disability insurers. However, this theory may not
explain those attitudes given that objective knowledge of GINA was not predictive. In other
words, it is not clear that concrete knowledge of the gaps in GINA was what was driving
the individuals’ likelihood of declining testing. Instead it could be that those most likely to
be concerned about genetic discrimination would be more likely to be aware of a law in

this area. Future study is needed to further interrogate these gaps between subjective and
objective knowledge of the law and concerns of discrimination.

This data can help to increase our understanding of the potential impacts of policies related
to regulation of insurer use of genetic information in two primary ways. First, policies
restricting insurer use of genetic information often aim to assuage the public’s fear of
genetic discrimination to encourage uptake of genetic testing (McGuire & Majumder, 2009;
Joly et al., 2010). Lack of awareness or misunderstanding of laws may impede realization
of their intended benefits. For example, we hypothesized that those undergoing predictive
genetic testing would be likely to have higher knowledge of GINA. This is because informed
consent and genetic counseling for predictive genetic testing often includes a discussion of
GINA (Henderson et al., 2014). However, while those who completed predictive genetic
testing had better subjective knowledge of GINA than those who had not, they did not have
better objective knowledge.

Second, our study can help move forward the broader conversations about policies regarding
insurer use of genetic information. Public knowledge and understanding of legal protections
could impact individual behavior regarding genetic testing and insurance purchasing. The
economic impact of policies restricting insurer use of genetic information on global
insurance markets has been debated. For example, actuarial studies predict a range of
potential effects on premiums following restrictions in life insurance (Macdonald & Yu,
2011; Lombardo, 2018; Howard, 2014). The severity of economic impact depends in part
on assumptions about individual insurance purchasing behavior following a genetic test
(Lombardo, 2018). Accurate prediction of this assumption is difficult, but can be bolstered
by greater empirical evidence, since insurance purchasing behavior could be affected by
knowledge of legal protections and fear of genetic discrimination (Golinghorst et al., fc).

One concern within these discussions is that individuals at high risk of genetic conditions
will create anti-selection by purchasing large insurance policies. If insurers are not allowed
to consider genetic test results, the worry is that applicants will game the system and
purchase large face-value insurance policies. However, realization of this worry would
require applicants to have both access to genetic testing and some knowledge of the system
they are gaming. Our surveys highlight that there is much confusion and low knowledge

of the protections of GINA, especially low knowledge of the specific protections of the
law. Several groups had higher objective knowledge, such as those who have taken a
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diagnostic genetic test and those with a genetic condition in themselves or a first-degree
relative. However, their relatively higher objective knowledge was still below 50% correct
on the objective questions. Additionally, these groups would have manifested symptoms or
family histories that could be identified by insurance applications, thus minimizing potential
anti-selection impacts.

Advancing technologies

One question about the overarching debate regarding insurer use of genetic information is
whether and how advances in genomic technologies will alter the economic or social impact
of regulation in this area. Before the last decade, genetic tests were predominately done for
single gene conditions that are generally quite rare, such as HD and BRCA1/2. With the
declining prices of genetic analysis, it is now possible and increasingly common for patients
to have multi-gene panel testing. This means that instead of being tested for one single-gene
at a time, an individual can be tested for multiple genes linked to many different genetic
conditions, such as through a panel test for cancer risk. Other expanded genetic testing is
increasingly being implemented into clinical care. Whole exome sequencing, which looks
at all protein-coding regions of genes in the genome, is now offered to patients with
unknown genetic conditions or prior negative genetic testing (Genetics Home Reference
[GHRY], 2020). Whole genome sequencing, where all (or most) coding and non-coding
regions are analyzed, is starting to become clinically available (GHR, 2020). Genomic
sequencing greatly increases the amount of information about genetic risk that is returned to
an individual, although, as discussed above, its predictive value varies greatly. Additionally,
this expanded testing is more likely to occur for diagnostic purposes.

In recent years, a new genetic methodology, called polygenic risk scores (PGS), has been
introduced and is being developed for use in clinical care. The scores measure the small
contribution of hundreds or thousands of genetic variants to risk for disease (Conley, 2019).
These scores will potentially be of interest to insurers because, unlike single-gene testing,
polygenic scores are being developed for common conditions, like diabetes and coronary
heart disease (Conley, 2019; Maxwell et al., 2020). However, there are limitations for
wide-scale adoption. For example, most PGS are developed using data from individuals with
European ancestry, so their validity may not translate across ancestries (Martin et al., 2019).

Genetic testing is also increasingly occurring outside of clinical settings and these results
may not be included in an individual’s medical records. Increasing availability of direct-
to-consumer (DTC) testing means that people may access information about genetic risk
independently of a medical provider and without a clinical indication for undertaking testing
(Gutman et al., 2013). Additionally, individuals may receive genetic information through
return of results in research studies (Gutman et al., 2013; Jarvik et al., 2014; National
Academies, 2018).

Overall, although thousands of genetic tests are available (NCBI, 2021), very few currently
meet criteria that make them helpful for insurance underwriting (Macdonald & Yu, 2011).
This is evidenced by the fact that insurance applications generally do not ask about genetic
testing (Klitzman et al., 2014) and only a relatively small handful of tests have been cited in
modeling studies as having potential actuarial impact (Macdonald & Yu, 2011; Lombardo,
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2018; Howard, 2014). Therefore, insurers are likely only incorporating a few genetic test
results into underwriting at this time; however, the public likely believes that much more
of their genetic information could or would be used. This creates a disconnect where the
public’s fear of genetic discrimination is beyond what may be occurring in actual practice.
It remains to be seen how advancing genetic technologies will impact this status quo in the
future.

Future study

These combined surveys provide insight into knowledge of GINA and concerns of

genetic discrimination in the US general population. Combining the surveys provided the
opportunity to assess outcomes of interest across a variety of demographics, however there
are some limitations. The survey relied on several questions that have not been validated,
such as the objective GINA score, so there is a chance that some questions may have

been misinterpreted by participants. Additionally, as noted, respondents in one survey
received information about GINA’s protections as part of the survey design, which may have
increased objective knowledge scores. However, while groups of respondents in that survey
received different information about GINA, there was no statistical difference between
objective GINA scores across the groups. Additionally, while the objective GINA scores for
this survey group were slightly better than the first survey, they remain relatively low overall.

Future study could further assess potential differences in knowledge and attitude about
genetic discrimination between those who purchase insurance at the individual level versus
the group level. Additionally, although this survey is focused on the US general population
and US specific law, it has implications for the broader international debate about insurer
use of genetic information. Future study could be done to better understand the public’s
understanding of laws and policies in other countries, especially those that regulate insurer
use of genetic information in areas beyond health and employment. For example, a group
in Australia is currently undertaking a study to understand the implications of a recent life
insurance moratorium (Tiller et al., 2021). Exploration of both the subjective and objective
knowledge of law and policy across the globe can help to further understand the impact of
these policies on insurance industry, insurance purchasing behavior, and assuaging fear of
genetic discrimination.

CONCLUSION

GINA was passed over a decade ago to help alleviate fear of genetic discrimination
and encourage uptake of clinical genetic testing and participation in genetic research.
Minimizing fear of genetic discrimination has the potential to save lives if it causes
individuals to undertake recommended genetic testing that they otherwise would have
avoided out of fear.

Yet, as this study shows, both subjective and objective knowledge of GINA remains low

in the general US population. There are some subpopulations that have higher subjective
and objective knowledge of GINA compared to their counterparts. However, these higher
values are relative; knowledge of GINA still remains quite poor even across subpopulations.
Additionally, concern of genetic discrimination remains high in the US general population.
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Multivariate analysis did not unearth many significant associations between demographics of
interest and knowledge of GINA or concerns of discrimination.

These results have important implications for the broader debate over whether insurers
should be able to use genetic test results in underwriting. While only a handful of

genetic tests currently have predictive values high enough for incorporation into insurance
underwriting, the public is likely worried about much broader use of genetic test results.
Yet insurers argue that they should have access to genetic test results to properly classify
risks and to minimize anti-selection. However, there are questions as to how much a broad
spectrum of the population will be able to game the system and create anti-selection when
misunderstanding and lack of awareness of legal protections and gaps is so high. Future
studies should continue to unravel the complex interactions between knowledge of legal
protections, concerns of genetic discrimination, and other important factors, such as trust of
the insurance industry.
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Table 1:

nSurveyl | nSurvey2 | n Combined (%)
Age (n=1615)
18-24 59 174 233 (14.4%)
25-34 69 186 255 (15.8%)
35-44 79 246 325 (20.1%)
45-54 67 151 218 (13.5%)
55-64 143 206 349 (21.6%)
65+ 3 232 235 (14.6%)
Gender (n=1590)
Female 214 604 818 (51.4%)
Male 199 573 772 (48.6%)
Race/Ethnicity (n=1600)
White, Non-Hispanic 267 746 1013 (63.3%)
Black, Non-Hispanic 55 141 196 (12.3%)
Hispanic 69 203 272 (17.0%)
Other 30 89 119 (7.4%)
Education (n=1601)
Less than high school 20 45 65 (4.1%)
High school/GED 147 438 585 (36.5%)
Some college 90 258 348 (21.7%)
4-Year college degree 103 261 364 (22.7%)
Graduate/professional degree | 57 182 239 (14.9%)
Income (in dollars) (n=1541)
<19,999 64 172 236 (15.3%)
20,000-49,999 108 296 404 (26.2%)
50,000-74,999 82 234 316 (20.5%)
75,000-99,999 59 160 219 (14.2%)
>100,000 90 276 366 (23.8%)

*
Missing values are refused to answer or other
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Objective knowledge of GINA across subjective knowledge groups.

Objective Knowledge
Survey 1 =421
Survey 2 = 1195

n combined=1616

Table 2:

High Subjective
Knowledge
(nS1,nS2)
% combined

Moderate Subjective
Knowledge
(nS1,nS2)

% combined

Page 21

Low Subjective
Knowledge
(nS1,nS2)

% combined

Total in Subjective Category

(68, 170) 14.7%

(158, 443) 37.2%

(195, 582) 48.1%

Employment and Health Insurance

% Correctly identifying coverage in category

% Misidentifying/not identifying all coverage in
category

Life, LTC, and Disability Insurance

% Correctly identifying coverage in category

% Misidentifying/not identifying all coverage in
category

Auto and Property Insurance
% Correctly identifying coverage in category

% Misidentifying/not identifying all coverage in
category

(37, 108) 60.9%
(16, 25) 17.2%

(5, 13) 7.6%
(41, 86) 53.4%

(12, 37) 20.6%
(37, 96) 55.9%

(40, 218) 42.9%
(83, 129) 35.3%

(14, 82) 16.0%
(97, 249) 57.6%

(29, 133) 27.0%
(102, 238) 56.6%

(19, 250) 34.6%
(151, 219) 35.3%

(8,141) 19.2%
(172, 343) 66.3%

(31, 225) 32.9%
(158, 304) 59.5%

*
Missing values are refused to answer or correctly identifying some, but not all of the coverage.
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Table 3:

Participant responses to additional demographic questions (A=1616)

Questions related to employment

Question Answer n % (of total N)
Of those who work part or full time (n=855)
Do you work in the field of science? Yes 119 7.3%
Do you work in a health-related field? Yes 118 7.3%
Do you work in the legal field Yes 68 4.2%
Do you serve in the US military? (active or Vet) Yes 160 9.9%
Questions related to history of genetic testing/genetic conditions
Do you have a diagnosed genetic condition? Yes 184 11.4%
No 1227 | 75.9%
I don’t know 178 11.0%
Do you have a first-degree relative who has been diagnosed with a genetic condition? | Yes 272 16.8%
No 1102 | 68.2%
I don’t know 220 13.6%
History of genetic testing:
Have you ever had genetic testing through direct-to-consumer testing? Yes 265 16.4%
Have you ever been offered a genetic diagnostic test? Yes 277 17.1%
Have you ever completed a genetic diagnostic test? Yes 146 9.0%
Have you ever been offered a genetic predictive/presymptomatic test? Yes 167 10.3%
Have you ever completed a genetic predictive/presymptomatic test? Yes 76 4.7%
Have you ever been offered a carrier test? Yes 148 9.2%
Have you ever completed a carrier test? Yes 92 5.7%
Have you ever been offered a prenatal test? Yes 129 8.0%
Have you ever completed a prenatal test? Yes 94 5.8%
Questions related to insurance status
Health Insurance
No insurance 180 11.1%
Individual ins. 234 14.5%
Group insurance | 676 41.8%
Government ins. | 501 31.0%
Have life insurance Yes 892 55.2%
Have LTC insurance Yes 539 33.4%
Have disability income insurance Yes 450 27.8%
Have you ever been denied insurance because of a medical condition? Yes 147 9.1%
No 1339 | 82.9%
I don’t know 88 5.4%

*
Missing values are refused to answer or other
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Table 4:

Bivariate Comparison of Knowledge of GINA and Concern of Genetic Discrimination

Page 23

Highest subjective GINA knowledge
(1-7 Likert)
M (95% CI)

Highest objective

(% correct of 7 questions)
% (95% CI)

GINA knowledge

Occupation

Science

Non-scientists 3.39 (3.25,

Scientists 4.70 (4.33, 5.07)

Non-scientists 37.7 (35.7,

Scientists 40.6 (36.2, 44.9)

3.54) 39.6)
t(853)=-6.56, p<0.001 t(853)=-1.12, p=0.133
i Health workers 4.01 (3.63, Non-Health 37.7 (35.8, Health workers 40.2 (35.5,
Health care Non-Health 3.50 (3.36, 3.63) 4.39) 39.6) 44.9)
t(853)=-2.47, p=0.007 t(853)=-0.95, p=0.172
Law Non-law 3.49 (3.34, 3.63) Law 4.59 (4.59, 1.84) Non-law 37.7 (35.9, 39.6) Law 42.0 (36.5, 39.8)
t(853)=-4.27, p<0.001 t(853)=-1.29, p=0.10
Military NO”'M”“gr{S?-% (293, Military 3.04 (2.74, 3.34) NO“'M”igagyl)?’ﬁ-7(35-2‘ Military 37.1 (33.3, 40.8)
t(1614)=-0.05, p=0.48 1(1613)=-0.17, p=0.432

Genetic Testing History

DTC Testing

Not tested 2.80 (2.70, 2.90)

Tested 4.19 (3.93, 4.45)

Not tested 35.7 (34.2,
37.2)

Tested 41.9 (39.1, 44.8)

t(1614)=—11.0, p<0.001

1(1613)=-3.

35, p<0.001

Offered
Genetic Testing

Not offered 2.45 (2.36, 2.55)

Offered 4.27 (4.10, 4.44)

Not offered 35.1 (33.4,

Offered 40.2 (38.1, 42.3)

t(1614)=-19.2, p<0.001 t(1613)=-3.48, p<0.001
Completed Not completed 2.72 (2.62, Not completed 35.5 (34.0, Completed 42.4 (39.6,
Genetic Testing 2.82 COMpIErECRES U E) 370 45.2)
t(1614)=-14.7, p<0.001 t(1613)=-3.77, p<0.001
Completed
Diagnos. Not completed 4.27 (3.95, Completed 5.08 (4.7, 5.38) Not completed 37.5 (33.5, Completed 42.5 (39.0,
A 4.58) 41.6) 46.0)
Testing ) . d
t(275)=-3.6, p<0.001 t(274)=-1.83, p=0.034
Completed Not completed 4.54 (4.21, Not completed 43.4 (39.0, Completed 39.8 (35.3,
Pred. Testing 4.86) COMpIEECRIAESTIaEE) 47.8) 44.2)
t(184)=-1.68, p=0.047 1(184)=1.07, p=0.142

Genetic No condition 2.95 (2.85, Gen Condition 3.64 (3.33, No Condition 36.0 (34.6, Gen Condition 42.1 (38.1,

Condition Self 3.05) 3.95) 37.4) 46.1)
t(1614)=-4.49, p<0.001 t(1613)=-2.80, p=0.003

Genetic . . . L

- No condition 2.92 (2.82, Gen Condition 3.57 (3.32, No Condition 36.1 (34.6, Gen Condition 39.5 (36.4,

Condition 3.02) 3.82) 37.6) 42.5)

Family ) : ' :
t(1614)=-5.03, p<0.001 t(1613)=-1.80, p=0.036

Insurance Status

Denied . n Not Denied 36.1 (34.6, n

Insurance Not Denied 2.92 (2.82, 3.02) Denied 4.13 (3.78, 4.47) 37.5) Denied 42.9 (38.9, 46.9)
t(1614)=-7.25, p<0.001 t(1613)=-2.85, p=0.002

Risk Manag Insur Rev. Author manuscript; available in PMC 2022 November 19.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Prince et al. Page 24
Highest subjective GINA knowledge Highest objective GINA knowledge
(1-7 Likert) (% correct of 7 questions)
M (95% ClI) % (95% ClI)
Current health - No Insurance 2.52 (SD 1.59) . No insurance 31.6 (SD
insurance Individual 3.87 (SD 2.03) Government 2.48 (SD 1.74) Individual 39.9 (SD 25.2) 29.8)

Bonferroni p<0.001

Bonferroni p=0.019

Individual 3.87 (SD 2.03)

Group Ins. 329 (SD 2.03) | o ernment 2.48 (SD 1.74)

Bonferroni p<0.001

*
Shaded gray =statistically significantly higher
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Table 5:

Knowledge of GINA and concern of discrimination—multivariable analysis

Characteristic

Familiarity GINA
Coefficient
(98.75% ClI)

Objective GINA
Coefficient
(98.75% ClI)

Determine Health
Coefficient
(98.75% ClI)

Page 25

Decline Health
Coefficient
(98.75% ClI)

Work Science Field
Work Health Field
Work Legal Field
Work Military
Genetic Test Offered
Genetic Test Complete
DTC Testing
Health Ins. Status
No Insurance
Individual Insurance
Group Insurance
Government Insurance
Has Life Insurance
Has LTC Insurance
Has Disability Ins.
Denied Coverage
Age
Education
Income
Self-report Health
Gender
Male
Female
Race
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other

Constant

-0.20 (-1.12, 0.73)
0.07 (~0.78, 0.92)
-0.28 (-1.43, 0.88)
-0.34 (-1.35, 0.68)
1.01 (0.17, 1.85)
-0.48 (-1.46, 0.50)
0.53 (-0.29, 1.35)

ref
0.65 (-0.53, 1.84)
0.43 (-0.67, 1.53)
1.03 (-0.29, 2.34)
-0.30 (-1.09, 0.50)
0.72 (-0.06, 1.51)
0.44 (-0.32, 1.19)
0.62 (-0.38, 1.62)
-0.04 (-0.07, -0.01)
-0.04 (-0.38, 0.30)
-0.05 (-0.22, 0.12)
0.14 (-0.18, 0.45)

ref

-0.47 (-1.19, 0.25)

ref
-0.40 (-1.31, 0.51)
0.32 (~0.66, 1.30)
-0.50 (-1.76, 0.77)
4.19 (2.06, 6.33)

0.02 (-0.11, 0.14)
0.06 (~0.05, 0.17)
0.02 (-0.13, 0.18)
-0.01 (-0.14, 0.13)
0.08 (~0.03, 0.19)
-0.03 (-0.16, 0.10)
0.09 (~0.02, 0.19)

ref
0.11 (-0.04, 0.27)
0.07 (-0.07,0.22)
0.09 (~0.08, 0.26)
-0.00 (-0.10, 0.10)
0.04 (-0.07, 0.14)
0.02 (-0.08, 0.12)
0.04 (-0.09, 0.17)
-0.00 (-0.01, 0.00)
-0.03 (-0.07, 0.02)
-0.01 (-0.03, 0.01)
0.00 (-0.04, 0.04)

ref

-0.02 (-0.11, 0.08)

ref
0.08 (-0.04, 0.20)
0.06 (-0.07, 0.19)
0.13 (-0.04, 0.29)
0.31(0.03, 0.59)

-0.36 (-1.23, 0.52)
0.03 (~0.78, 0.84)
-0.09 (~1.18, 1.00)
-0.74 (-1.71, 0.22)
0.03 (~0.76, 0.83)
~0.00 (-0.93, 0.92)
0.04 (~0.74, 0.81)

ref
-0.39 (-1.51, 0.73)
-0.18 (-1.22, 0.86)
0.22 (-1.02, 1.46)
0.06 (-0.70, 0.81)
0.21 (-0.53, 0.95)
0.05 (~0.66, 0.77)
0.68 (-0.28, 1.61)
-0.01 (-0.04, 0.02)
-0.03 (~0.35, 0.29)
-0.02 (-0.17, 0.14)
0.35 (0.06, 0.65)

ref

-0.77 (=1.45, -0.09)

ref
-0.05 (-0.91, 0.81)
0.37 (~0.55, 1.30)
-0.13 (-1.32, 1.07)
4.75 (2.73, 6.77)

-0.01 (-0.85, 0.84)
~0.02 (~0.80, 0.75)
-0.42 (-1.47, 0.64)
-0.28 (-1.21, 0.65)
-0.24 (-1.00, 0.53)
0.41 (-0.48, 1.30)
0.06 (-0.68, 0.81)

ref
0.88 (-0.20, 1.96)
0.88 (-0.12, 1.89)
0.92 (-0.27, 2.12)
0.18 (-0.54, 0.90)
0.05 (-0.66, 0.76)
0.14 (-0.54, 0.83)
0.84 (-0.07, 1.75)
-0.01 (-0.03, 0.02)
-0.01 (-0.32, 0.30)
-0.02 (-0.17, 0.14)
0.19 (-0.10, 0.48)

ref

-0.49 (-1.15, 0.16)

ref
-0.20 (-1.03, 0.62)
0.08 (-0.81, 0.98)
0.53 (-0.62, 1.68)
3.97 (2.03, 5.92)

1duosnuen Joyiny

Note: Cells in grey indicate statistically significant at p<.0125. Model fit statistics are A22, 223) =5.29, p<0.001, R2:0.34, for Familiarity GINA,
H?22, 223) =2.75, p<0.001, R2:0.21, for Objective GINA, A22, 223) =1.40, p<0.114, R2:0.12, for Determine Health, A22, 223) =1.44, p=0.098,
R2=0.12, for Decline Health

Risk Manag Insur Rev. Author manuscript; available in PMC 2022 November 19.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Prince et al.

Table 6:

Bivariate Comparison of determine and decline health insurance variables

Page 26

Who was more likely to think that genetic testing would

be used in health insu

rance determinations?

Who was more likely to decline hypothetical genetic
testing out of concern?

(1-7 Likert) (1-7 Likert)
M (95% ClI) M (95% CI)
Occupation
Science Non-scientists 5.01 (4.89, Scientists 5.44 (5.16, 5.71) Non-scientists 4.83 (4.69, Scientists 5.10 (4.80, 5.40)
5.13) 4.96)
t(853)=-2.57, p=0.005 t(853)=-1.53, p=0.063
Health care Non-HCW 5.05 (4.92, 5.17) Health workers 5.21 (4.94, Non-HCW 4.82 (4.68, Health workers 5.15 (4.86,
5.49) 4.95) 5.45)
t(853)=-0.98, p=0.163 t(853)=-1.86, p=0.032
Law Non-lawyers 5.04 (4.93, Lawyers 5.37 (5.00, 5.18) Non-lawyers 4.83 (4.71, Lawyers 5.21 (4.85, 5.56)
5.00) 4.96)
t(853)=-1.52, p=0.065 t(853)=-1.62, p=0.053
Military Non-Military 4.82 (4.73, Military 4.75 (4.46, 5.04) Non-Military 4.76 (4.67, Military 4.71 (4.40, 5.02)
4.91) 4.86)
t(1614)=0.45, p=0.327 t(1614)= 0.32, p=0.375
Genetic Testing History
DTC Testing Not tested 4.73 (4.63, 4.82) Tested 5.23 (5.03, 5.43) Not tested 4.67 (4.57, 4.77) Tested 5.18 (4.97, 5.40)
t(1614)=-4.22, p<0.001 t(1614)=-4.08, p<0.001
Offered Genetic Not offered 4.59 (4.48, Offered 5.29 (5.16, 5.43) Not offered 4.65 (4.54, Offered 4.99 (4.84, 5.14)
Testing 4.69) 4.76)
t(1614)=-7.55, p<0.001 T(1614)=-3.38, p<0.001
Completed Not completed 4.68 (4.58, Completed 5.44 (5.25, 5.62) Not completed 4.67(4.56, Completed 5.19(4.99,
Genetic Testing 4.78) 4.77) 5.39)
t(1614)=-6.55, p<0.001 t(1614)=-4.29, p<0.001
Genetic No condition 4.77 (4.68, Gen Condition 5.13 (4.88, No Condition 4.75 (4.65, Gen Condition 4.81 (4.59,
Condition Self 4.86) 5.37) 4.85) 5.02)
t(1614)=-3.44, p=0.003 t(1614)=-0.46, p=0.323
Genetic No condition 4.74 (4.65, Gen Condition 5.15 (4.95, No Condition 4.76 (4.67, Gen Condition 4.76 (4.67,
Condition 4.84) 5.35) 4.86) 4.85)
Family
t(1614)=-2.55, p=0.005 t(1614)=-0.43, p=0.333
Insurance Status
Denied Not Denied 4.74 (4.65, Denied 5.52 (5.27, 5.76) Not Denied 4.68 (4.59, Denied 5.50 (5.25, 5.76)
Insurance 4.83) 4.78)
t(1614)=-5.09, p<0.001 t(1614)=-5.09, p<0.001
Current health Group Ins. 4.98 (SD 1.76) Government 4.60 (SD 1.91) Group 4.91 (SD 1.83) No insurance 4.42 (SD
insurance 1.91)

Bonferroni p=0.004

Bonferroni p=0.011
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Regression Knowledge Measures

Table 7:

Page 27

Decline Testing Due to Concern
Life Coefficient

Characteristic (95% ClI)

Decline Testing Due to Concern
LTC Coefficient
(95% ClI)

Decline Testing Due to Concern
Disability Coefficient
(95% CI)

0.50 (0.44, 0.55)
Determine LTC -

Determine Life

Determine Dis. -

Subj. GINA Know. 0.09 (0.04, 0.15)

Obj. GINA Know. 0.19 (-0.17, 0.55)

-0.07 (-0.18, 0.50)

Obj. Genetic Know. 0.16 (—0.19, 0.50)
Constant 1.87 (1.28, 2.47)

Subj. Genetic Know.

0.49 (0.43, 0.55)

0.08 (0.02, 0.13)
0.20 (~0.16, 0.56)
-0.05 (~0.15, 0.05)
0.22 (-0.12, 0.57)

1.80 (1.19, 2.41)

0.53 (0.47, 0.58)

0.08 (0.03, 0.13)
0.14 (-0.22, 0.50)
-0.01 (0.1, 0.09)
0.08 (~0.26, 0.41)

1.65 (1.06, 2.24)

Note: Cells in grey indicate statistically significant at p<.05. Model fit statistics are A5, 1189) =68.76, p<0.001, R2:0.22, for Decline Testing Due
to Concern Life, A5, 1189) =62.49, p<0.001, R2:0.21, for Decline Testing Due to Concern LTC, and A5, 1189) =79.86, p<0.001, R2:0.25, for

Decline Testing Due to Concern Disability.
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