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Policy POIO

. Tg policy context of direct-to-consumer personal genomic testing (DTC-PGT) has
ing over the last decade, with little empirical data available about

perspectives.

e A majority of consumers of DTC-PGT supported expanded access to services and
t ation into the medical context and opposed more governmental regulation.

h
o ers’ attitudes about access to services and regulation did not vary based on the
sp netic risk information they received from companies, but may vary based

on whether consumers perceived their DTC experience negatively.
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Abstract

Contexs'i Fhﬂi ')licymakers have been considering the appropriateness of direct-to-
consumerﬂgenomic testing (DTC-PGT) for over a decade, there is little empirical
data on consumers’ views regarding the regulation of these products. No research has

N
assessed WOnsumers’ personal experience with testing is related to their views about

access to 4nd reglllation of DTC tests.

Methods:wre analyzed from the PGen Study, a longitudinal prospective cohort of
DTC-PGTnerS of 23andMe (n=564) and Pathway Genomics (n=377; total N=941).

Consume ent an electronic survey before receiving genetic test results and then 6

months afgr receipt of results.

Findings:@—momh follow-up, more than 80% of participants believed that people

have a gi ess genetic information directly, that parents should be able to get DTC-

PGT testin ir children, and that genetic information should be kept private.
Participants supported health insurance coverage of PGT (60%), wider availability of PGT

(68%), anh' clusion of genetic information in medical records (63%). Participants were less

supportiveor government regulation (28%) and restricting testing to clinical settings (14%).

Conservative Eo itical ideology was associated with less support for government regulation

(P<0.0 feeling more confident in one’s genetic knowledge (P<0.05). Participants’

level om genetic risk for common diseases, as indicated by their actual test results

received from cofpanies, showed no relationship with attitudes. However, those who

perceived t had received elevated risk results expressed lower support for expanded
availabilit incorporation of PGT into health care (P<0.01). Those who reported being
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upset by their genetic test results were less likely to endorse access to DTC products without

a medical professional (P<0.01).

Conclusiﬂonsumers supported expanded access to these services and opposed
additiogal reﬁ ation. Users who had a negative personal experience with PGT testing were

[

less supp expanded availability without a medical professional.

C
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Whether and how to regulate access to direct-to-consumer personal genomic testing (DTC-

PGT)—commercial services that provide genetic risk information directly to consumers

outside o; ! ditional clinical context—have been topics of scrutiny for more than 10

years.'” S e examined the potential benefits of and limitations to making genetic
N . . . o

test resultglrectly available to consumers, arguing, for instance, that the potential impact of

genetic ris@nation on consumers’ privacy, health, health care utilization, behavior

-being warrant heightened attention and regulation.'” While early

changes, an

discussio he potential consequences of PGT were largely speculative, recent studies

S

of actual comsumers that examine the psychosocial risks of testing and its impact on the

U

health care provide important information for policymakelrs.8 Data on users’ attitudes

N

and persp n access to PGT testing are also important since experience in other policy
contexts s@t political pressures can shape the regulatory process.” Moreover,
inform: roups with strong opinions about the desirability of government oversight

(such as PG umers) may be invested in shaping regulatory processes, such as through

M

public comment periods and other mechanisms."'°

In thys study, we examined longitudinal data on consumers’ experiences with PGT and

[

the impac experiences on their views about the availability of PGT and of its

O

regulation xamined consumers’ actual genetic test results—and their experience with

h

testing—aS\predictors of their subsequent attitudes about PGT services, which previous

researc ne.

ut

Backgroun

Regulatio nsumer Access to Genetic Services

A
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Prior to 2007, US federal oversight of PGT was extremely limited." Initial federal

government scrutiny (such as the Secretary’s Advisory Committee on Genetics, Health, and

Society co d by the Department of Health and Human Services and the Government
Accountaa

) focused on examining reliability, accuracy, and clinical utility

H RETEL . L .
concerns i these new services. However, it took a proposed rapid increase in consumer
access to wetic testing—specifically, Pathway Genomics’ 2010 proposal to begin
selling its p t at Walgreens across the country—to spur action by the US Food and Drug
Administréti A)." The FDA'’s first round of cautionary letters to almost all DTC-PGT

providers serve push most out of the DTC market or out of business entirely.15 23andMe

Uus

Inc alone b ing for premarket authorization of its Personal Genome Service in July
2013, whi auing to sell its product.'® When 23andMe launched a new national

adveﬂisin@gn later that year, the FDA once again took note of the abrupt potential

shift in sent 23andMe a more dire warning letter ordering that it stop marketing its
health1§ immediately.'” In response, 23andMe reduced its online offering initially
to ancestry testing only, but recently re-entered the market with 36 carrier screens in addition
to nonme(sal “wellness,” “trait,” and ancestry testing.18 While regulatory oversight of DTC-

PGT servi een evolving over the past 10 years, there has been very little research

examining consumers themselves think about restricting or expanding access to these

services, !
Public and ConS;ner Attitudes About Personal Genomic Testing

Giv the general public to date has relatively low exposure to PGT, most
existing s esearch of the general public has examined trends in awareness,'’* not more
detailed assessment of what the public thinks should be done about it. In an exception,
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Almeling and Gadarian surveyed a national sample of Americans in 2011 and asked a single
question regarding public attitudes about DTC genetic testing; they found that 65% of
respondenst that clinicians should be involved in all genetic testing.”® A survey of
social neaimilaﬂy found that most (67%) agreed that PGT companies should
provide- a @expeﬁ to interpret results, and half (51%) supported federal regulation of
PGT companiesss. Members of the general public, however, are likely to consider access to
PGT quitmtly from informed consumers of these services. While other studies of
early user: have examined consumers’ beliefs about testing and their motivations to
pursue it,ZE one has examined consumers’ perceptions of policy oversight in particular.
Bollinger, nd Kaufman surveyed consumers of Navigenics, 23andMe, and

deCODE gl 046) about their attitudes toward PGT services and their preferences

related to feg V% pn.*’ They found that most PGT consumers (66%) agreed that it was

d

import tests be available without government oversight.29

Soci ce research illuminates the factors that generally explain variation in the
public’s perceptions of policy matters. This body of research demonstrates that individual
demograpflic characteristics (such as gender or socioeconomic status), attitudes about groups
in society itical characteristics shape individuals’ perspectives about social policy
issues.”” Wi e health context in particular, researchers have described the factors that
predict A&;icans’ opinions of issues on a range of health policy topics, from health
disparitwty prevention, with political liberals generally supporting more
governmental ac;n compared to political conservatives and racial and ethnic minorities
more supporti government action than whites.*'~>

is the relationship between individuals’ “self-interest” in an issue and their

attitudes about policy action related to that issue.” Studies find, for instance, that people’s
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presumed “interest” in a policy arena (such as low-income individuals’ interest in welfare
reform, or smokers’ interest in tobacco regulation) is a less important factor shaping support
for policies one might expect.** In fact, the association of self-interest with policy
opinion is d depends on the context, particularly how salient the risks and benefits
of a par?icsmcy are to that individual.>® Attitudes about PGT offer an illuminating
context in yghichgto explore these relationships between self-interest, salience of risk, and
opinion ab icy. All consumers who have themselves sought access to DTC-PGT are
likely supr that access and have an interest in ensuring access to these services, as
the Bollin@olleagues study revealed.”” But a more nuanced investigation of
consumers’ 4 st” in regulating access should also consider consumers’ personal and
varying eﬁ with PGT. On the one hand, receipt of results suggesting elevated risk for

a disease md consumers to be /ess supportive of expanded access to genetic services

ve of regulatory oversight. This might be the case if these consumers

perceive that evated risk results could lead to negative psychosocial consequences
and/or they could come to believe that having clinician involvement is important to navigate

the implic!ions of the test results. On the other hand, receiving elevated risk results could

lead cons@be more supportive of expanded access and less supportive of regulatory

oversight, if, Totr example, they perceive the results as having important personal value or
medical u&;; or if they value the experience of receiving such results without the

discrimm of having such information included in their medical record.

Research Obj es
n dy, we leveraged data from a sample of 941 participants in a longitudinal

study of consumers of 2 PGT companies (23andMe and Pathway) with the goal of examining
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the contribution of an “objective” measure of genetic risk (ie, level of disease risk as

predicted by PGT) as well as consumers’ “subjective” responses to that genetic testing (eg,

their perceptigns of their results and whether they felt upset) and to consumers’ attitudes

about acc al genomic services. Specifically, our research objectives are 2-fold:
N . .

(1) to dessbe consumers’ attitudes toward access to and regulation of PGT, and (2) to

determine Q information about genetic risk and test experience (risk calculated by

companies nsumers’ perceptions of their own genetic risk results) contribute to these

attitudes Wess to and regulation of PGT, after accounting for individuals’

demographic andypolitical characteristics. The paper concludes with a discussion of the role

U

of consume des about regulation in light of the dynamic policy context around PGT

[

services.

d

Metho
Data

Data for this study come from the Impact of Personal Genomics (PGen) Study, a
collaboratmveen researchers at Brigham & Women’s Hospital / Harvard Medical
School an@iversity of Michigan School of Public Health; scientists at 23andMe

(Mountain , California; www.23andme.com) and Pathway (San Diego, California;

h

www.pathWayv.com), and survey research experts at a private, third-party research firm,

Sound

t

iously Survey Sciences Group; Ann Arbor, Michigan). The Partners

Human ResearchfCommittee and the University of Michigan Health Sciences and Behavioral

U

Sciences Insti nal Review Board approved the study. Complete details of the academic-

industry hip and study design, including participant recruitment, survey design, and

A

: 36,3
response rates, are detailed elsewhere.*®"’
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Consumers were recruited between March and July 2012 (prior to the FDA action

against 23andMe described in the introduction), through invitation emails sent to 3,900

23andMe ﬁwho purchased DTC-PGT during this period and participated in the

company’ consent process for general research studies. In contrast, Pathway

N ) . . .
customersgere recruited during this same time period through 2 approaches: through banner
adveﬂiselwthe company’s website and through an email invitation to members of the

health-base al networking site PatientsLikeMe (www.patientslikeme.com). Participants

S

recruited f this latter path were invited to order DTC-PGT at a subsidized rate

through PathwayAfter ordering PGT, all study invitees received a link to the dedicated

U

survey mai by SoundRocket. Participants completed an online consent process, and

N

after agre ave their de-identified genetic data and survey responses shared with

academic ihv tors, they were invited to complete a baseline (pre-results) survey online.

d

Partici ompleted the baseline survey prior to receiving their DTC-PGT results, and

who subsequ received and opened their results reports, were eligible for invitation to the

M

follow-up surveys. Invitations to the follow-up survey reported here were emailed at 6

months aft€r PGT results were viewed. Both PGT companies provided regular updates to the

d

survey fi ing receipt and viewing of results for the purposes of timing follow-up

0

survey invi . As noted elsewhere, a total of 1,085 23andMe customers (of 3,900 invited,

h

or 28%) cAmpleted the baseline survey; because of the opt-in recruitment, there is no

38
compar assess the response from Pathway.

ut

Measures

variables: attitudes about access to and regulation of PGT. Our main

A

dependent variables were 8 survey items that were included in the 6-month survey and
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measured on a 5-point Likert scale (strongly disagree to strongly agree). The items included:

“It is important to me that my genetic information is kept private”; “I think that health

insurance s cover personal genomic testing”; “I think genetic information should be part

of a stand record”; “Genetic tests should be available more widely (eg, test kits at
N . .

drugstorei’; “I think the government should put more effort into regulating personal

genomic tegting®, “Tests like these should only be available to people through their doctor”;

“I think pe ave a right to access their own genetic information without going through a

medical p sighal”; and “I think that parents should be able to get results for their children

S

if they want to.” Whese items were designed specifically for this study but were adapted from

U

26,27

previous Li ale questions used in other research on consumers of genetic testing.

In

A

t variables. We examined 2 sets of independent variables measuring

genetic ri@-\ation. The first set of independent variables summarized our measures of
compa d genetic risk information. Each company provided individuals’ genetic
test results f estry, nonmedical traits, carrier testing, disease risk, and

pharmacogenomics. For this paper, we focused on the disease risk and pharmacogenetic risk
results beguse they were more likely to prompt changes to health-related policy attitudes (eg,
regarding surance coverage) than nonmedical traits or ancestry information.

Following o work using the PGen data, we created 2 measures: (1) proportion of total

h

disease-refated test results indicating an elevated risk for the individual and (2) proportion of

[

total ph omics-related test results indicating atypical drug response.38 This

proportion score 1 used since the 2 companies differed in the total number of results they

LI

offered cons : 23andMe participants received disease-risk estimates for 29 conditions,

while Pa rticipants received estimates for 25 conditions; male customers across both

A

companies received 8 pharmacogenomic results and female customers received 9 (see van der
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Wouden et al.* for more details). The threshold for elevated versus non-elevated genetic risk

was set at a relative risk (RR) > 1.2.%° In sensitivity analyses examining whether the specific

e

type of dise::sk result matters (for conditions held in common across the 2 companies),

we also ¢ ichotomous measures of cancer-related elevated risk (eg, prostate,

[
melanomaglung, colorectal, breast), neurological elevated risk result (eg, Parkinson’s disease,
Alzheimemse, multiple sclerosis), and cardiovascular elevated risk results (eg,

coronary h sease, atrial fibrillation).

Thw set of independent variables measured perceptions of genetic risk

information. sed 2 survey items measured at 6 months: whether the respondent
perceived t received high-risk results (all or many vs few or none) and whether the
respondeﬁd feeling upset about the results (yes vs no).

Togex e whether genetic risk results were independently associated with attitudes
about B and regulation after accounting for demographic characteristics, we
included in o dels a set of variables measured at baseline, including: age (in years),

gender (female vs male), race (white vs nonwhite), education (greater than college degree vs
college deSee or less), income categories (<$40,000/year; $40,000 to $69,999; $70,000 to
$99,999; to 199,999; and $200,000+) and health insurance status (insured vs
uninsured). ncluded a measure of political ideology, based on political science literature
examinin&; robust association of political predispositions on policy-relevant attitudes,”
measurwl, moderate, or conservative. We also included a measure of baseline self-
rated health(31 from the SF-36 questionnaire)*' to adjust for possible confounding of the
genetic risk with the respondents’ overall health. This was measured on a 5-point
ordinalﬁ)uld you say that in general your health is excellent, very good, good, fair,

or poor?” (coded 1 to 5).
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We also included 2 attributes of individuals that are specific to the context of genetics:
self-assessed genetic knowledge and perceived self-efficacy with genetic information.
Genetic kn e was measured using 9 true/false statements designed to reflect
understan about genetics and genetic testing. Self-efficacy, or confidence in
one’s abllg to use genetic information, was measured as 5 items to which participants
agreed or gd, such as “I am confident in my ability to understand information about

genetics.” on these items and scoring are reported elsewhere.** Finally, given the

different Wnt approaches and sample composition coming from the 2 DTC

companies, we 151uded an indicator variable for whether the participant was a Pathway

consumer &ared to a 23andMe consumer.

Analysis

cipants who completed both the baseline and 6-month surveys, and who
had no missi a on the 8 outcome variables, the genetic risk results, and the covariates
described above, were eligible for inclusion in the current analysis. The first step in the
analysis V!i to estimate the frequencies of the 8 main attitude and opinion measures. Next, to
reduce the, of outcomes examined, we conducted a principal component analysis on
the 8 items ch revealed 4 distinct factors, described in Results, below) with varimax
rotation, & ;onducted multivariable linear regression on the 4 outcomes, regressing the
measurwgraphics, political ideology, self-rated health, genetic knowledge, self-
efficacy, calculatii genetic risk information results, and perceived response to genetic risk. In
initial specifi s, we included the calculated genetic risk and perceived response to

genetic r1 arate models (out of concern of collinearity), but because all model

variance inflation factors were under 3, we report the model with all covariates included
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simultaneously. Models estimated with ordered logit regression for the 2 non-scalar measures

were substantively identical. Finally, we performed a series of sensitivity analyses measuring

the genetic tskresults as disease-specific risk results (eg, any cancer result, any

cardiovas any Alzheimer’s high-risk result, as described above). All analyses
N B .

were perﬁged using SAS 9.3 (SAS Institute, Cary, NC).

O

Results m
Of the 13042 study participants who completed both baseline and 6-month surveys,

941 had non-mi;Sn g data on all key outcomes and covariates and were included in the
current a - Of these, 377 (40.1%) were Pathway customers, while 564 (59.9%) were

23andMe customers. Characteristics of the analytic sample are displayed in Table 1, for the

full samplmn separately by each company. Consistent with previous reports on this
survey ation, ° the sample was majority white and highly educated, with about half
havingEa college degree; more than 60% had a household income of more than
$70,000 a year. They were politically liberal and described their health as good, very good, or

excellent. h customers tended to have somewhat lower education, income, and were in

slightly plth than 23andMe customers.
{{Table 1
splays participants’ attitudes about PGT access and regulation. These

results de ple of individuals who were generally very supportive of the practice of
consumer genetic test results and wary of additional regulatory attention. Most
partici eed that people should have a right to access their genetic information without

going through ctor (89.9%) and that parents should be able to get results for their

children (81.5%). Participants also wanted to maintain control of their information, with
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83.2% agreeing overall and 60.4% strongly agreeing that it is important that genetic
information is kept private. Participants’ views were less uniform about the routine
incorporati enetic information into health care, but a strong majority of participants
agreed th gurance should cover personal genomic testing (60.3% agreed overall)
I . .
and that gsetlc information should be a standard part of the medical record (62.9% agreed

overall). Y\Qﬂ two-thirds (68.3%) agreed that genetic tests should be available even

more widel¥; as in drug stores. Correspondingly, only 14.3% agreed that tests like these
should onwilable to people through their doctor. Despite these views supporting
greater ac@GT, a small but sizable proportion (27.8%) agreed that the government
should put fort into regulating PGT. See Appendix 1 for the distribution of

participan ptions on these 8 items across all 5 response categories.

omponent factor analysis revealed 4 factors derived from these 8 items,

which accou or 69.5% of the overall variance. The first, which we refer to as “expanded
PGT availability and inclusion in health care” consisted of the average of 4 items: health
insurance gverage of tests, genetic results as part of the medical record, tests available more
widely, an@s getting test results for children. The second factor, which we call “access
without a m professional” consists of the difference of 2 items: that people have the
right to acggs the information without a medical professional and that these tests should only
be availwgh the doctor. The last 2 items did not factor with either of these outcomes

and we retained them as individual items: that government should regulate these services and

the importa eeping genetic information private.
isplays the associations of individual-level characteristics with these 4

attitudinal outcomes. Few individual characteristics were significantly associated with
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attitudes. Women and people earning incomes between $100,000 and $200,000 were less
enthusiastic about expanded PGT availability than men and those earning less than $40,000 a
year. Liber. re more likely than political moderates, and conservatives less likely than
political support additional government regulation of these services; no other
H I _ . . .
demograp!c characteristics were associated with support for regulation. The only
characterimwas associated with the importance of privacy (which as Figure 1 shows
was impo nearly everyone) was education level, such that people with more than a

college e(wwere more supportive of the importance of protecting privacy than those

with less educati@n. These models reveal no statistically significant differences in attitudes by
other indivi mographic characteristics, such as race, income, or genetic literacy.
{{Table 2

vaariables related to the genetic testing experience were associated with

ess to and regulation of PGT. People with higher levels of perceived self-

efficacy wit tic information (that is, greater confidence in their ability to use and apply
genetic information) were less likely to support regulation and more likely to support
accessing @enetic testing without a medical professional. Reflecting the very different
samples r@into the study, the test company itself also proved significant: Customers of
Pathway we ore likely to support expanded availability of, and routine medical
incorpora of, PGT (eg, insurance coverage, allowing testing of children, including genetic
informw medical record), less likely to agree that people should access genetic
testing WithoEuedical professional, and more likely to support greater regulation than
were custo 23andMe.

so reveals that none of the calculated genetic risk results variables were

significantly associated with attitudes about expanded availability, access without a medical
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professional, government regulation, or privacy. In follow-up sensitivity analyses (available

upon request from authors), we identified no statistically significant associations between

{

measures 0 ated risk for cancers, neurological conditions, cardiovascular disease, or

Alzheime nd PGT attitudes. Finally, these results offer some evidence of an

[ ]
associatiogbetween perceptions of genetic risk results and attitudes. Specifically, respondents

who repo thag they had received many risk results indicating that they were at a higher

G

than avera for disease (compared to none or few such results) were less likely to agree

S

with expa ay@ilability of and incorporation of these services in medical care (eg, health

insurance coverage, inclusion in a medical record, access for children). Respondents who

U

reported feeli set about their genetic risk results were less likely to support access to

1

tests with ical professional. Figure 2 illuminates the major participant factors that

were assogla ith 3 of the 4 outcomes displayed in Table 2: test company (23andMe vs

d

Pathw measures of perceptions of genetic risk—number of high-risk results and

feeling upset

\

{{Figure 2}}

[

Discussio

The rvey findings describe PGT consumers as enthusiastic about expanded access

h

to genetic festing and negative about the prospects of heightened government regulation.

L

Nearly ants (89.9%) believed that people should have access to DTC genetic

testing, but only 2/.8% thought that the government should put more effort into regulation. In

U

fact, a large ity (68.3%) thought that the test kits should be available more widely

through o uch as drug stores—the very proposal that focused the FDA on the DTC-

A
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PGT industry in the first place. A large majority of participants (83.2%) believed in the
importance of keeping genetic information private.

Stu icipants were considerably more enthusiastic about PGT compared to
national p dies or to studies within specific patient populations. For instance, 2
. I .43 . 23 C .

national st@dies of Australians™™ and Americans™ both reported majority discomfort with

DTC deliy, enetic test results. In particular, the Australian study found heightened
concerns a

ivacy, test accuracy, and general comfort levels for genetic tests results
delivered wﬂpared to through the health care system. ** A US national study from 2011

found that EEEO Srespondents agreed that “medical professionals should be involved in

explaininﬁlts.” 3 Reinforcing that generally healthy consumers are quite different

from pati

focused 0 samples also found lower levels of support for these types of DTC

ted by genetic conditions, it is also notable that existing studies that

geneti or instance, a study of cystic fibrosis patients and parents in Belgium

demonstrate iderable skepticism toward commercial companies, with 41% of

participants believing that the law should forbid genetic testing being offered directly to

consumers * Similarly, among 86 women at high risk for breast and ovarian cancer in the
United St@mecticut}, only 20% reported support for accessing genetic testing for
breast canc ough online services.*

Cotsidered collectively, these findings—support for more restricted access to PGT

h

L

among public and specific populations of patients, and enthusiasm about DTC-

PGT access amonlg generally healthy consumers of these services—suggest that individuals’

U

level of self-] st is an important factor shaping attitudes. Aiming to unpack this “interest”

A

with mor e, our study design allowed us to examine how variation in the salience of

genetic risk information shapes attitudes by examining whether people receiving higher-risk
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genetic results had different attitudes than those receiving lower-risk genetic results, holding
all other characteristics constant. We did not find that the genetic risk results calculated by
companﬁnsumers actually received were associated with their attitudes. (Note that
we did no hether respondents’ own prior risk perceptions or family history
modera?ec!?impact of genetic test results on their attitudes, although other research does
find that pgssonal risk perceptions are important contributors to consumers’ interest in
testing.46’40
In w consumers’ personal perceptions of the testing experience did relate to
their attitu@t test access and availability: Consumers who perceived that they received

heightened risk results from their DTC testing (compared to those who reported

receiving giai wer-risk results) were less enthusiastic about expanded availability and

routine inmon of PGT into health insurance and the medical record. In addition, those

egative emotional impact (feeling upset), compared to those who did not

report such e n, were less supportive about accessing these services without a medical
professional. However, these perceptions of the testing experience were not associated with
beliefs thithe government should put more effort into regulating tests. Interestingly,
participan t baseline, felt more confident in their ability to use and apply genetic
information ' Wete both less likely to support regulation and more likely to support accessing

genetic te&' ; without a medical professional—regardless of what type of genetic risk results

{

they ult eived.

Attitudes @bout testing may vary both by the population (as described vis-a-vis

Ul

disease grou ve), as well as the #ype of genetic testing under consideration. Highly

actionab r those with highly penetrant mutations may evoke different attitudes (and

A

from a policy perspective, may require a different regulatory frameworks [see, eg, the FDA’s
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discussion of the varieties of laboratory developed tests]*®) than tests with more moderate risk
and without clear clinical utility. However, we did not observe this in our data. People who

received ele risk results for Alzheimer’s disease, for which the apolipoprotein E-4

Dl

variant co ively high risk of disease (~20%-35%), compared to other conditions

[ ]
covered by DTC-PGT, were no more or less supportive of expanded access than those not

£

receiving sgch agisk, but we were limited in the sample size of people who had received such

&

results. Mo k is needed to ascertain the relationship between the type of genetic testing

and regul approaches; since genetic information provided through PGT is extremely

S

heterogeneous, a\@ne-size-fits-all approach when it comes to regulation does not make sense.

U

Ove w demographic traits were significantly associated with attitudes about

access to

1

ability of testing. About a quarter of the sample supported increased

regulationmitical ideology (identifying as liberal) was, as expected, strongly associated
with thisad men were less supportive of expanded availability of PGT and of access
without medi ofessionals; a previous study by Bloss and colleagues also indicated that

women had more concerns about DTC testing,*’ suggesting heightened caution about these
services aflong female consumers compared to males. Interestingly, our findings also
revealed i t differences by type of consumer. Pathway, which offered disease risk and
pharmacoge ics testing only, and which recruited from a social networking site for
persons with medical conditions, attracted more medically oriented consumers than

23 andmlso offered testing for more nonmedical traits and information. This

difference likely @xplains why Pathway consumers were more supportive of the incorporation

U

of tests into al care, less supportive of access without medical professionals, and more

supportiv lation.

A
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Limitations
Although the PGen Study has notable strengths (particularly, recruitment of actual
customers, i ation of genetic risk results, and a longitudinal design), these results should
be consid of some limitations. First, as noted elsewhere, the PGen sample is
N N .
subject to glunteer bias since participants have to both select PGT and also volunteer to be
part of them36 Given that most of these individuals purchased a PGT product, it is not

surprising ¢y would be supportive of direct access. However, participants are generally

representaWue typical DTC genetic testing user about which this study aims to draw
conclusiorgpondents to this study were broadly similar to the sampling frame of
23andMe c rs invited to participate, although our respondents were significantly more
likely to b, . The concern about representation and selection bias is enhanced for the

Pathway owever, since they were offered subsidized testing to participate. Second,
survey ways faces the potential for response bias, with some study participants
choosing not gpond to certain surveys. More than 70% of those surveyed at baseline
responded to the survey at 6 months, and other evidence from the study population suggests
that nonreSonse bias is unlikely to be a major problem.*

Thy parability of our items across other studies faces survey question wording
issues. Our 1ons were not directly comparable to other studies that chose to word items
about acce$s to or regulation of PGT differently (such as variation in descriptions about the
role of M)fessionals across studies). Fourth, our measures of subjective response to
testing may be V§nerable to recall bias since participants were asked at 6 months after testing
to both reca results and their emotional reaction to testing. Fifth, respondents may have
intemrﬁrding of the survey items with variation. In particular (and discussed in

greater depth below), this study was mainly concerned with expanding or restricting access to
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PGT. However, access is only one component of federal policy attention and oversight. In
fact, a great deal of regulatory attention to these services has concerned ascertaining the
clinical im ce, impact, and technical accuracy of test results. Research by Bollinger and
colleague id include more diverse measures of attitudes about regulation, suggests
H . . . .
that consv.sers may have more supportive views toward a governmental role in regulation of
test qualitwred to restricting access completely. Our study did not ask consumers’
views abou alue of these distinct regulatory objectives; consumers may have interpreted

our singleWut government regulation in different ways, which could explain why

political ideologfaywas most strongly associated with attitudes about regulation. Respondents

U

likely used titudes about government as a shortcut to answering this question, rather

than relyi ore informed understanding of genetic test regulation.

(O

olicy Implications

describe a population of PGT consumers that want to see expanded access
services and who voiced moderate to strong opposition to federal regulation. An
important !uestion, however, concerns the extent to which these attitudes matter in the
dynamic p king process over PGT. On the one hand, legislative priorities in a

democratic cal system are ideally meant to be accountable to public demands.* On the

h

other handjafter legislation has passed, public interest in a medical product typically does not

!:

play a al role in agency regulatory decisions, such as that of the FDA.

Historical exceptions exist, of course, such as the experience of HIV activists shaping FDA

Ul

decisions arg ccess to drugs.”® More recently, state legislative branches have compelled

or restri of drugs against FDA approval or intent (eg, requiring drug access for

A

emergency uses, mandating on-label use of drugs that can cause abortions).”'~* Regulatory
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agencies like the FDA are increasingly moving toward more patient and consumer

involvement, such as including consumers on advisory committees to more involved
deliberative esses to engage patients.” For instance, the FDA convenes advisory
committeaebating whether to recommend approval for a new drug application

H Lo 54 ..
(however,gtheir influence on the actual approval process is limited).” Public interest can

encourage ge to assign a product a higher “enforcement priority” and use its regulatory
authority to el quality compliance (as it did for DTC genetic testing in 2010 and
2013).1° ctithat the PGT users in this study would like to see expanded access could

shape, at leasE 15 limited way, regulatory actions moving forward since greater consumer

interest and tion often leads to greater regulatory involvement. The fact that the

majority urveyed did not believe that the government should put more effort into
regulatiorman interesting disconnect between consumer attitudes and the FDA’s
regulat e: Public interest can increase FDA enforcement priority in ensuring that a
manufacture stablished the safety and efficacy of a device. If it has not, the FDA’s
recourse 1S to restrict access.

Fisllz, while our survey focused mainly on access to services, it is important to
reiterate t ulk of governmental inquiry into the DTC genetic testing industry has
focused on y: the accuracy, reliability, and clinical utility of the information returned.
After alli 1§Ee DTC genetic information is unreliable and inaccurate, access is worthless or
harmfulﬁhis quality concern is what drove the 27.8% of participants who stated an
interest in more §Vernment regulation, but as noted above in limitations, we did not ask
about specifi latory objectives of the government. These data highlight the tension
between er knowledge of and interest in a product and the mechanics of the

regulatory approval process. They also underscore the need for future research to supplement
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these quantitative (and largely decontextualized) survey data with qualitative interviews and
deliberative approaches’” that both educate and engage participants in the ongoing policy

debate.

Author Manuscript
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Table 1. Descriptive Characteristics of Study Sample of Consumers of Direct-to-Consumer

Genetiow=941)

Characterg' :: 2 23andMe Pathway Total
(n=564) (n=377) (N=941)
Age, yoar——
Mean + 49.2+16.2 42.5+13.8 46.5+15.6
Range L 21-94 19-79 19-94
Gender
Female O 305 (54.1%) 257 (68.2%) 562 (59.7%)
Race/ethnjit
White 485 (86.0%) 320 (84.9%) 805 (85.5%)
Nonwhite 79 (14.0%) 57 (15.1%) 136 (14.5%)
Hispanic or Lafwo 30 (5.3%) 18 (4.8%) 48 (5.1%)

Education
College m
More th e
Household income, USD
<$40,00
$40,000-
$70,000-$99.000
$100,%99
$200,000+
Health ﬂ nce
Uninsure
Political ideology
Liberal
Moderat
Conservagiiieugy,
Self-ratedWhealth
Excellent
Very goc
Good
Fair
Poor v
Self-asses

Mean + SD
Range

t

\

Geneti icacy
Mean £
Range

tic literacy

263 (46.6%)
301 (53.4%)

69 (12.2%)
107 (19.0%)
117 (20.7%)
173 (30.7%)
98 (17.4%)

22 (3.9%)

372 (66.0%)
92 (16.3%)
100 (17.7%)

106 (18.8%)
253 (44.9%)
158 (28.0%)
40 (7.1%)

7 (1.2%)

82+0.9
4-0

29.1+£5.5
5-35

221 (58.6%)
156 (41.4%)

97 (25.7%)
67 (17.8%)
80 (21.2%)
111 (29.4%)
22 (5.8%)

20 (5.3%)

220 (58.4%)
86 (22.8%)
71 (18.8%)

35 (9.3%)
128 (34.0%)
119 (31.6%)
64 (17.0%)
31 (8.2%)

8.1£1.0
4-9

292+5.6
5-35

484 (51.4%)
457 (48.6%)

166 (17.6%)
174 (18.5%)
197 (20.9%)
284 (30.2%)
120 (12.8%)

42 (4.5%)

592 (62.9%)
178 (18.9%)
171 (18.3%)

141 (15.0%)
381 (40.5%)
277 (29.4%)
104 (11.1%)
38 (4.0%)

82+0.9
4-9

29.1+5.6
5-35
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Figure 1. Consumers’ Overall Agreement With Statements About
Regulation and the Ethics of Direct Access to Genetic Testing (N=941)
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Table 2. ncluding Perceived Response to Genetic Risk Information, Associated
Wi%out Access to and Regulation of Personal Genomic Testing
Expanded Access without Government Importance of
Availability® Medical should Regulate Privacy
Professional’

D Coeff (SE) Coeff (SE) Coeff (SE) Coeff (SE)
characteristics
Age L -0.03 (0.02) 0.01 (0.04) -0.05 (0.03) -0.03 (0.02)
Fema() -0.17 (0.05)° -0.22 (0.12) -0.01 (0.09) 0.08 (0.07)
White (VeHOnwhite) -0.04 (0.07) 0.24 (0.16) -0.09 (0.12) 0.00 (0.10)

—
More aan college -0.05 (0.05) 0.09 (0.11) 0.05 (0.09) 0.15 (0.07)"
ed ess than
col

I
$40k-$69k (v@<$§40k)  -0.08 (0.08) -0.04 (0.19) -0.03 (0.15) -0.22 (0.12)
$70k-$99k -0.14 (0.08) 0.07 (0.19) 0.11 (0.14) 0.04 (0.11)
(vs=
$100km -0.14 (0.08) 0.07 (0.18) -0.04 (0.21) 0.04 (0.11)
(vs=<$40k)

This article is protected by copyright. All rights reserved.



34

$200k+ (vs =<$40k)  -0.02 (0.10) 0.01 (0.22) 0.00 (0.17) -0.06 (0.13)

Insured 0.17 (0.12) -0.20 (0.28) -0.04 (0.21) 0.11 (0.17)

<L ___B

Liberal (compared to  0.01 (0.06) 0.11 (0.15) 0.26 (0.11) -0.01 (0.09)

-

ConscTVative -0.15 (0.08) -0.05 (0.18) -0.49 (0.14)° 0.14 (0.11)

(cOthpEreasEm

modelk‘

Self—r@hd -0.01 (0.03) 0.01 (0.06) 0.02 (0.04) -0.01 (0.04)

Genetic 1teracy -0.04 (0.03) 0.07 (0.06) -0.03 (0.05) 0.02 (0.04)

'
Genetufgﬁcacy 0.01 (0.02) 0.11 (0.05)" -0.09 (0.04)" 0.02 (0.03)
@esults

Disease r1sK score -0.03 (0.02) 0.05 (0.04) -0.01 (0.03) -0.02 (0.02)

Pharn!cogenomic risk  0.01 (0.01) 0.00 (0.02) -0.01 (0.02) 0.02 (0.01)

SCOre

Percece‘ sponse

A%esults -0.24 (0.07)° 0.04 (0.16) -0.22 (0.12) -0.10 (0.10)

Feeling uE 0.00 (0.06) -0.38 (0.12)° 0.05 (0.09) -0.01 (0.08)

Pathway consumer  0.28 (0.06)° -0.50 (0.13)° 0.36 (0.10)° -0.08 (0.08)

(vs 23andMe)

R-sqIL 0.083 0.061 0.0786 0.0247
Entries are ion coefficients from linear regression; standard errors are in parentheses.
“P<0.0
bpso.m-l—‘

‘P<0.001

U

dSelf-rated he s a measure ranging from 1 to 5, where 5 is poor health.

°This i
should be availal
medical record.

ination of 4 items: parents should be able to get results for children; tests
more widely; insurance coverage; inclusion of genetic information in the
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"This is a combination of 2 items: tests like these should only be available through a doctor
and people have a right to access their genetic information without going through a medical
professiongl

{
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Figure 2. Factors Associated With Consumers’ Attitudes About Availability (Panel A),
Access (Panel B), and Regulation (Panel C) of Personal Genomic Testing

Panel A: Expanded Availability
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Panel B: Access Without Medical Professional

3.50
3.00
2.63 257
250 2.36 2.40
[VALUE]*** [VALUE)™*

2.00

1.50

1.00

0.50

0.00

Pathway 23andMe Upset Not upset Few high  Many high

risks risks

Author Mar

This article is protected by copyright. All rights reserved.



Panel C: Government Should Regulate More
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Fig t the predicted mean values (all measured from 0 to 5) for the first 3
oufomes reported in Table 2. *P<0.05; **P<0.01; ***P<0.001 indicates significant
di for the indicated group relative to the paired group (eg, Pathway vs
23 pset vs not upset, and few high risks vs many high risks).
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Appendix 1. Consumers’ Attitudes About Regulation and the Ethics of Direct
Access to Genetic Testing (N=941)

39

+J)verall Strongly =~ Somewhat Neither Somewhat  Strongly
Agree” Disagree Disagree Agree nor Agree Agree
Disagree
I think people 845 13 15 67 219 626
have a rig 89.9%) (1.4%) (1.6%) (7.1%) (23.3%) (66.6%)
access the
own genet
informati )
without go L
through a
medical U )
professio
Itis 1mp0rtant 783 31 34 93 215 568
to me thatgaamme(83.2%) (3.3%) (3.6%) (9.9%) (22.8%) (60.4%)
genetic -
informatioh i
kept priva ]
I think th, 767 13 27 134 290 477
parents i ‘ 5&1.5%) (1.4%) (2.9%) (14.2%) (30.8%) (50.7%)
should be
able to -
results for
their chil ’
if they -
to.
Genetic t 643 45 80 173 298 345
should be m(68.3%) (4.8%) (8.5%) (18.4%) (31.7%) (36.7%)
available
more wid )
(eg test ki C
drugstores s
I think s 592 76 91 182 280 312
geneti 362 .9%) (8.1%) (9.7%) (19.3%) (29.8%) (33.2%)
inform
should be part
of a standard
medical -
record. _gg¥
I think 567 70 84 220 259 308
health ‘60.3%) (7.4%) (8.9%) (23.4%) (27.5%) (32.7%)
insurance
should cover
personal
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genomic
testing.

I think th 261 242 131 306
govemﬂ;l—l!m 8%)  (257%)  (139%)  (32.6%)

should pu C
more effo !
nto

regulatingm———
personal

genomic L-
testing.

Tests hke\.l 135 484 191 131

these shou 14.3%) (51.4%) (20.3%) (13.9%)
only be
available t

people
through thelr
doctor, =

157
(16.7%)

62
(6.6%)

104
(11.1%)

73
(7.8%)

*Overall aEne sum of somewhat agree and strongly agree.
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