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Background: Direct-to-consumer (DTC) personal genomic test-
ing (PGT) allows individuals to learn about their genetic makeup
without going through a physician, but some consumers share
their results with their primary care provider (PCP).

Objective: To describe the characteristics and perceptions of
DTC PGT consumers who discuss their results with their PCP.

Design: Longitudinal, prospective cohort study.
Setting: Online survey before and 6 months after results.
Participants: DTC PGT consumers.

Measurements: Consumer satisfaction with the DTC PGT expe-
rience; whether and, if so, how many results could be used to
improve health; how many results were not understood; and be-
liefs about the PCP's understanding of genetics. Participants
were asked with whom they had discussed their results. Genetic
reports were linked to survey responses.

Results: Among 1026 respondents, 63% planned to share their
results with a PCP. At 6-month follow-up, 27% reported having
done so, and 8% reported sharing with another health care pro-
vider only. Common reasons for not sharing results with a health
care provider were that the results were not important enough

(40%) or that the participant did not have time to do so (37%).
Among participants who discussed results with their PCP, 35%
were very satisfied with the encounter, and 18% were not at all
satisfied. Frequently identified themes in participant descriptions
of these encounters were actionability of the results or use in
care (32%), PCP engagement or interest (25%), and lack of PCP
engagement or interest (22%).

Limitation: Participants may not be representative of all DTC
PGT consumers.

Conclusion: A comprehensive picture of DTC PGT consumers
who shared their results with a health care provider is presented.
The proportion that shares results is expected to increase with
time after testing as consumers find opportunities for discussion
at later appointments or if results become relevant as medical
needs evolve.
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Direct—to—consumer (DTC) personal genome testing
(PGT) describes commercial services through
which individuals can acquire a range of personalized
genetic information, from ancestry and nonmedical
traits (such as tongue curling) to disease predisposition
and pharmacogenomic response (such as risk for dia-
betes or warfarin metabolism). Direct-to-consumer PGT
services do not require medical requisition and are typ-
ically ordered in the privacy of one's home; however,
consumers may choose to share their results with a
health care provider (HCP).

Nearly a decade after its introduction, DTC PGT re-
mains controversial (1-3), and critics have questioned
its analytic validity and clinical utility (4-7). Unlike tradi-
tional clinical genetic testing that relies on gene se-
quencing or targeted testing of rare, high-penetrance,
Mendelian mutations, DTC PGT typically estimates risk
by genotyping many common, low-penetrance, single-
nucleotide polymorphisms. Other concerns include the
potential downstream effects of DTC PGT, such as mis-
understanding and anxiety when complex information
is provided directly to consumers (8) and subsequent
unnecessary use of health services (9).

Involvement of a trained HCP may mitigate some of
these concerns, and in prior studies, 20% to 30% of
DTC PGT consumers reported sharing their results with
a physician (10, 11). Moreover, in a survey of hypothet-
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ical consumers, 61% believed that physicians have a
professional obligation to help interpret results (12).
However, although many physicians express interest in
incorporating genomic profiling into patient care (13),
many also believe they are unprepared to do so (14).

A recent report by Goldsmith and colleagues (15)
reviewed HCP perspectives of DTC PGT, but to our
knowledge, no study has reported the consumer per-
spectives of HCP engagement with results. We report
data from the PGen (Impact of Personal Genomics)
Study, a large, longitudinal study of actual DTC PGT
users that combined both survey-level and individual-
level genetic data. In particular, we describe the char-
acteristics of 23andMe (16) and Pathway Genomics (17)
customers who shared their results with primary care
providers (PCPs) and other HCPs, consumer attitudes
about the topics of PCP readiness and DTC genomics,
and satisfaction with the discussion of results with
PCPs.

See also:

Editorial comment . ........ ... . ... . ... ... 1
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EDITORS' NOTES

Context

Patients may share the results of direct-to-consumer
personal genome testing with their primary care pro-
vider (PCP). Their expectations and experiences with
such interactions are unknown.

Contribution

Consumers who reported sharing results with their PCP
described positive and negative experiences, along
with their perceptions of whether the PCP seemed inter-
ested in the results and were willing to act on them.

Caution

The PCP's report of these interactions and whether the
results should have influenced care were not available.

Implication

As such testing becomes more widely available, health
care providers may need to learn how to engage most
productively with patients about the results.

METHODS
Study Design and Procedures

The PGen Study is a collaboration among aca-
demic researchers at Brigham and Women's Hospital
and Harvard Medical School (Boston, Massachusetts)
and the University of Michigan School of Public Health
(Ann Arbor, Michigan), research scientists at 23andMe
(Mountain View, California) and Pathway Genomics
(San Diego, California), and survey experts at
SoundRocket (previously Survey Sciences Group, Ann
Arbor, Michigan). Details of the academia-industry
partnership (18) and study design (19) are published
elsewhere. In brief, new customers were recruited be-
tween March and July 2012. Invitation e-mails were
sent to 3900 23andMe customers who purchased DTC
PGT during this period and completed the company's
process of informed consent for general research. Path-
way customers were recruited via a banner advertise-
ment on the company's Web site or an e-mail sent to
approximately 30 000 members of PatientsLikeMe, a
health-based social networking site (20). Both channels
advertised discounted Pathway testing, and persons
who purchased DTC PGT were invited to participate in
the PGen Study.

Invitees received a Web link that directed them
to the Web-based survey system supported by
SoundRocket. In an online consent process, partici-
pants agreed to have their deidentified genetic data
(stored by the companies) and survey responses
(stored by SoundRocket) shared with academic investi-
gators. Participants were then routed to a baseline sur-
vey. Follow-up eligibility required completion of the
baseline survey before viewing DTC PGT results, and
invitations for 2 follow-up surveys were e-mailed to eli-
gible participants 2 weeks and 6 months after results
were viewed.
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SoundRocket provided logistic support for survey
design, administration, and data storage, and the com-
panies provided logistic support for participant recruit-
ment and genetic data storage. The PGen Study data
manager (a member of the academic research team)
merged the data, and the joint principal investigators
(J.S.R. and R.C.G.) oversaw the data analyses. The Part-
ners Human Research Committee (Boston, Massachu-
setts) and the University of Michigan School of Public
Health Institutional Review Boards approved the study.

Variables Measured at Baseline

Basic demographic characteristics, health status
(21), and intention to share results (8 categories) were
measured at baseline, before results were received.
The 2-item Generalized Anxiety Disorder questionnaire
was administered to screen for anxiety or panic disor-
der during the previous 2 weeks. Iltem frequency was
reported on a 4-category scale (0 to 3 points) for a
maximum possible score of 6, and a score of 3 or
greater was considered a positive result (22). Partici-
pants also rated the importance of the following 2 fac-
tors in their decision to seek DTC PGT: “desire to learn
about my genetic makeup without going through a
physician” and “desire to improve my health.”

Genome Testing Results

Each company provided a unique set of results in
the categories of ancestry and nonmedical traits (such
as the ability to curl your tongue or wet vs. dry earwax)
(23andMe only) and carrier testing, disease risk, and
pharmacogenomics (both companies). We report dis-
ease risk and pharmacogenomic results because they
are most likely to prompt medical follow-up. Examples
of the online reports provided by each company at the
time of the study are available in the supplemental ma-
terial of Ostergren and colleagues (23).

In the main report, 23andMe participants received
risk estimates for 29 conditions, and Pathway partici-
pants received estimates for 25 conditions. For each
condition, 23andMe reported a baseline age-adjusted
(and in some cases, sex- and ethnicity-adjusted) 10-
year risk; an age-adjusted relative risk (RR) based on
the customer's genetic profile; and a revised, genetics-
adjusted 10-year risk. Results were presented along-
side 2 diagrams, each with 100 human figures; the first
diagram was shaded proportionally to represent the
baseline risk, and the second was shaded to represent
the genetics-adjusted risk. Pathway customers received
results on the following 5-category, color-coded scale
that corresponded to increasing RR: 1 = lower-than-
average, 2 = average, and 3 through 5 = degrees of
higher-than-average risk. Most results showing higher-
than-average risk were in category 3, which was char-
acterized as follows: “Your genetic profile shows in-
creased susceptibility for these health conditions. You
should make an effort to learn the warning signs, con-
tributing lifestyle factors, and your family history for
these conditions. Speak with your doctor about devel-
oping a prevention plan.”

We chose a threshold RR of 1.2 or greater to con-
sistently distinguish between elevated and nonelevated
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risk for genetic disease between companies and across
analyses. 23andMe reported average risk as being
within 20% of the general population risk, and Pathway
agreed that this threshold would generally match the
cut point between their risk categories 2 and 3. There-
fore, results were dichotomized into the following 2 cat-
egories: nonelevated genetic risk (RR <1.2; lowest 2
Pathway categories) and elevated genetic risk (RR =1.2;
highest 3 Pathway categories).

Male customers received 8 pharmacogenomic re-
sults, and female customers received 9. Customers of
23andMe received an RR estimate for each adverse
drug outcome (or relative benefit for treatment efficacy
traits) compared with someone in the general popula-
tion of the same ethnicity. Pathway customers received
“normal,” "beneficial effect,” or "adverse effect” results
for each drug-variant combination. Here, pharmaco-
genomic results were classified as either positive (in-
creased risk for an adverse drug event or increased or
decreased likelihood of therapeutic benefit) or nega-
tive (average risk for an adverse event or typical thera-
peutic response).

Variables Measured at 6-Month Follow-up

At 6 months after disclosure of results, survey items
on a Likert scale measured satisfaction with the DTC
PGT experience, how many results could be used to
improve health, how many were not understood, be-
liefs about the PCP's understanding of genetics and
whether genetic information should be part of the stan-
dard medical record, and whether DTC PGT enabled
participants to learn how to improve health or learn
about their genes without going through a physician.
Participants were asked with whom they had discussed
their results, including the categories “primary care
provider,” “genetics specialist (e.g., genetic counselor
or clinical geneticist),” and “other medical profes-
sional.” Participants who did not share their results with
an HCP were asked to indicate why they had not done
so (3 categories). Participants who discussed their re-
sults with a PCP were asked to rate their satisfaction
with the discussion and PCP willingness to discuss re-
sults and use them in medical care, as well as to pro-
vide a free-form explanation of why they were or were
not satisfied. They were also asked whether their PCP's
interpretation of the results report differed from that of
the company; if “yes,” they were asked to rate their trust
in each party's interpretation.

Data Analysis

We divided the participants' responses regarding
with whom they discussed their results, creating the fol-
lowing 4 mutually exclusive groups: PCP, other HCP
only, no HCP, and no response. We computed descrip-
tive statistics of baseline characteristics, genetic results,
and attitudes after testing. In group 1, we stratified by
discussion satisfaction and computed descriptive statis-
tics of DTC PGT results and discussion perceptions.
Free-form responses about satisfaction with the PCP
discussion were read by 2 authors (C.HV.D.W. and
D.A.C.) who independently identified recurring themes,
reached a consensus on final themes, and agreed on
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the assignment of responses in each. We managed and
analyzed data by using SAS Studio, version 3.1 (SAS
Institute).

Role of the Funding Source

This study was funded by the National Human Ge-
nome Research Institute, National Institutes of Health.
The funding source had no role in the design and con-
duct of the study; collection, management, analysis,
and interpretation of the data; or preparation, review,
or approval of the manuscript.

RESULTS

A total of 1249 23andMe customers and 589 Path-
way customers consented to participate in the PGen
Study, of which 947 and 517, respectively, were eligible
for follow-up. The 2-week and 6-month surveys were
submitted by 1046 (71.4%) and 1042 (71.2%) partici-
pants, respectively (Appendix Figure, available at www
.annals.org). Basic demographic information on the
3900 23andMe invitees suggests that eligible partici-
pants and invitees were similar with respect to Hispan-
ic/Latino ethnicity and age but were more likely to be
women (56.9% vs. 47.8%) (19). Demographic data for
PatientsLikeMe users and visitors to the Pathway Web
site were not available.

At baseline, 909 of 1464 participants (62.1%)
planned to discuss their results with an HCP, including
814 (55.6%) who planned to discuss them with their
PCP. Data on PCP discussion status at 6-month
follow-up were available for 1026 participants, of whom
646 (63.0%) and 586 (57.1%) reported at baseline that
they planned to discuss their results with an HCP or
their PCP, respectively.

Table 1 shows baseline characteristics, stratified by
PCP discussion status. Among 1026 respondents, 278
(27%) reported sharing their results with a PCP, 78 (8%)
reported sharing their results with some other type of
HCP, and 670 (65%) reported not sharing them with
any HCP. Health care providers with whom 2 or more
participants reported sharing results included physician
assistants/nurses (n = 17); genetic specialists (n = 12);
obstetricians/gynecologists (n = 8); cardiologists, on-
cologists, neurologists, and psychiatrists/psychologists
(n = 5), ophthalmologists and rheumatologists (n = 4);
emergency medicine physicians and endocrinologists
(n = 3); and pediatricians, naturopathic physicians, and
immunologists (n = 2). Most participants who discussed
with a PCP or other HCP indicated that the desire to
improve their health was very important in their deci-
sion to seek DTC PGT, and these participants more fre-
quently were women, did not have a college degree
(PCP group only), were parents, had a positive screen
for baseline anxiety, and were Pathway customers.

Table 2 shows the DTC PGT results and attitudes
after testing, stratified by PCP discussion status. Ge-
netic reports were available from 983 respondents
(96%). In all groups, the mean proportion of conditions
designated as “elevated risk” on an individual partici-
pant's report was approximately 20%, and the mean
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Table 1. Baseline Participant Characteristics, by PCP and HCP Discussion Status at 6-mo Follow-up*

Characteristic Discussed Results

Discussed Results Did Not Discuss No Response

With PCP With Other HCP Only Results With Any HCP
Participants, n (percentage of baseline cohort) 278(19.0) 78 (5.3) 670 (45.8) 438 (29.9)
Mean age (SD) [rangel], y 51(14)[20-76] 45(13)[23-73] 46 (16)[19-94] 49 (15) [19-88]1
Male 100 (36.0) 21(26.9) 290 (43.3) 156 (35.7)t
Race
White 247 (88.9) 70 (89.7) 564 (84.2) 353(80.6)
African American 4(1.4) 0(0) 19(2.8) 14 (3.2)
Asian 3(1.1) 1(1.3) 29 (4.3) 17 (3.9)
Other/multiracial 24 (8.6) 7 (9.0) 58(8.7) 54(12.3)
Hispanic/Latino 14 (5.0) 2(2.6) 36(5.4) 29 (6.6)
Highest education level
No college degree 78 (28.1)t 11(14.1)8 120 (17.9)]| 110 (25.1)f
College degree 64 (23.0) 22(28.2) 226(33.7) 136 (31.1)
Some graduate school 100 (36.0) 37 (47.4) 231 (34.5) 145 (33.1)
Doctoral-level degree 36(12.9) 8(10.3) 3(13.9) 47 (10.7)
Annual household incomef|
<$40 000 50 (18.2)F 17 (22.7)t 108 (16.3)]| 67 (15.6)§
$40 000-$69 999 57 (20.7) 6(8.0) 124 (18.7) 85(19.8)
$70 000-$99 999 55 (20.0) 23(30.7) 129 (19.4) 81(18.9)
$100 000-$199 999 77 (28.0) 21(28.0) 216 (32.5) 143 (33.3)
>$200 000 36(13.1) 8(10.7) 87 (13.1) 53(12.4)
Marital status
Single 35(12.6) 11(14.1) 160 (23.9) 75(17.1)
Married 163 (58.6) 43 (55.1) 331 (49.4) 259 (59.1)
Widowed 10(3.6) 0(0) 7(2.5) 11(2.5)
Divorced/separated 33(11.9) 7 (9.0) 5(9.7) 43(9.8)
Domestic partner 37 (13.3) 17 (21.8) 7(14.5) 50(11.4)
>1 child 166 (59.7) 39 (50.0) 303 (45.2) 248 (56.6)
Self-reported health
Excellent 41(14.8)t 8(10.3) 105 (15.7)t 68 (15.5)
Very good 86(31.1) 30(38.5) 294 (44.0) 168 (38.4)
Good 86(31.1) 26(33.3) 193(28.9) 137 (31.3)
Fair 48 (17.3) 9(11.5) 57 (8.5) 47 (10.7)
Poor 16 (5.8) 5(6.4) 20(3.0) 18(4.1)
Health insurance 263 (95.0)t 77 (98.7) 638 (95.4)t 408 (93.4)t
Positive results on GAD-2 screening 51(18.4) 17 (21.8) 96 (14.3) 65(14.8)
Motivation
Desire to improve health
Not at all important 21(7.6) 9(11.5) 116 (17.3)t 76(17.3)
Somewhat important 98 (35.2) 25(32.1) 275 (41.1) 172 (39.3)
Very important 159 (57.2) 44 (56.4) 278 (41.6) 190 (43.4)
Ability to learn genetic makeup without going
through a physician
Not at all important 129 (46.4) 29(37.2) 253(37.8) 160 (36.6)
Somewhat important 78 (28.1) 23(29.5) 221(33.0) 142 (32.5)
Very important 1(25.5) 26(33.3) 196 (29.2) 135(30.9)
Prior DTC PGT 1(11.2) 7(9.0) 68(10.2) 46(10.5)
Pathway customer ‘I27 (45.7) 42 (53.9) 220(32.8) 128(29.2)

DTC = direct-to-consumer; GAD-2 = 2-item Generalized Anxiety Disorder questionnaire; HCP = health care provider; PCP = primary care provider;

PGT = personal genomic testing.

*Values are numbers (percentages) unless otherwise indicated. Percentages may not sum to 100 due to rounding.

T Data are missing for 1 participant.

1 Data are missing for 3 participants.
§ Data are missing for 9 participants.
|| Data are missing for 6 participants.

proportion of drug responses designated as “atypical”
was 20% to 24% (Appendix Table 1, available at www
.annals.org, shows detailed genetic results, stratified by
discussion status). Among participants who did not re-
port sharing their results with an HCP, 55 (8.5%) had
concerns about the results becoming a part of their
medical record, 269 (41.6%) did not believe that their
results were important enough to share, and 248
(38.4%) still planned to discuss their results with an HCP
but had not yet had time to do so.

Participants who reported sharing their results with
a PCP more frequently reported being extremely satis-
fied with their decision to obtain DTC PGT and that all
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of their results could be used to improve their health
(Table 2). In addition, they were the most likely to
strongly agree that their PCP had adequate under-
standing of genetics and that genetic information
should be part of a standard medical record. Of note,
participants who reported sharing their results with a
PCP were also most likely to strongly disagree that their
PCP had an adequate understanding of genetics.
Among the 277 participants who shared their re-
sults with a PCP, 35% were very satisfied with the dis-
cussion (Table 3). These participants most frequently
reported that their PCP adequately understood genet-
ics, was very willing to both discuss and use their results
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Table 2. Genetic Testing Results and Attitudes After Testing, by PCP and HCP Discussion Status at 6-mo Follow-up*

Variable

Discussed Results

Discussed Results

Did Not Discuss

With PCP With Other HCP Results With Any
(n = 278) Only (n = 78) HCP (n = 670)
Genetic testing results
Results available, n (%) 264 (95.0) 77 (98.7) 642 (95.8)

Disease risk: mean proportion of conditionstt designated “elevated risk”
(SD)[rangel], %

Pharmacogenomics: mean proportion of drug responsest§ designated
"atypical” (SD) [range], %

Attitudes after testing, n (percentage within discussion category)
In general, how satisfied are you about your decision to obtain DTC PGT?
Not at all
A little
Somewhat
Very
Extremely
How many of your results can be used to improve your health?
None
Afew
Many
All
Not sure
How many of your results do you not understand?
None
Afew
Many
All
Not sure
| believe my PCP understands genetics well enough to advise me on the
implications of my results for my health.
Strongly disagree
Somewhat disagree
Neither agree nor disagree
Somewhat agree
Strongly agree

| believe genetic information should be part of a standard medical record.

Strongly disagree
Somewhat disagree
Neither agree nor disagree
Somewhat agree
Strongly agree
The information | received from DTC PGT allowed me to find out how
| can improve my health.
Not at all
Somewhat
Very much
The information | received from DTC PGT allowed me to learn about my
genes without going through a physician.
Not at all
Somewhat
Very much

20.2(7.5)[0-41.3]

22.1(12.8)[0-62.5]

20.3(8.1)[0-41.4]

23.8(12.7)[0-55.6]

20.3(7.7)[0-44.8]

20.3(11.6)[0-62.5]

0(0)| 1(1.3)1 7 (1.1)%
6(2.2) 4(5.2) 28 (4.3)
32(11.6) 8(10.4) 121(18.5)
109 (39.5) 33(42.9) 286 (43.7)
129 (46.7) 31(40.3) 212(32.4)
20 (7.3)]| 8(10.4)1 99 (15.1)tt
117 (42.4) 36 (46.8) 336(51.3)
86(31.2) 21(27.3) 146 (22.3)
44(15.9) 8(10.4) 54(8.2)
9(3.3) 4(5.2) 20(3.1)
134 (48.6)|| 32(41.6)9 313 (47.8)tt
114 (41.3) 33(42.9) 249 (38.0)
17 (6.2) 7(9.1) 47 (7.2)
2(0.7) 1(1.3) 7(1.1)
9(3.3) 4(5.2) 39 (6.0)
38(13.7) 8(10.3) 57 (8.5)
40 (14.4) 21(26.9) 121(18.1)
65 (23.4) 25(32.1) 299 (44.8)
92(33.1) 17 (21.8) 139 (20.8)
43(15.5) 7(9.0) 52(7.8)
16 (5.8)ft 5(6.5)1 59 (9.0)8§
15 (5.5) 10 (13.0) 73(11.2)
40 (14.6) 11(14.3) 145 (22.2)
80(29.1) 26(33.8) 189 (28.9)
124 (45.1) 25(32.5) 187 (28.6)
15 (5.4) 8(10.3) 135 (20.2)
154 (55.4) 47 (60.3) 371(55.4)
109 (39.2) 23(29.5) 164 (24.5)
46 (16.6) 9(11.5) 102 (15.3)||
92 (33.1) 28(35.9) 249 (37.3)
140 (50.4) 41(52.6) 317 (47.5)

DTC = direct-to-consumer; HCP = health care provider; PCP = primary care provider; PGT = personal genomic testing.

* Percentages may not sum to 100 due to rounding.
T Total of 29 for 23andMe and 25 for Pathway.

1 The Appendix (available at www.annals.org) explains the complete breakdown of results.

§ Total of 8 for men and 9 for women.

|| Data are missing for 2 participants.

9l Data are missing for 1 participant.

** Data are missing for 16 participants.
11 Data are missing for 15 participants.
11 Data are missing for 3 participants.

§§ Data are missing for 17 participants.

in their medical care, and did not differ in the interpre-
tation of results from the company report. The 18% of
participants who were not at all satisfied with the dis-
cussion were the most likely to report that their PCP's
interpretation of results differed from the company's
interpretation. Among participants who reported a dif-
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ference in interpretation between the report and their
PCP, those who were very satisfied with the discussion
seemed to trust the PCP and company interpretations
equally, whereas those who were not at all satisfied
seemed to put more trust in the company's interpreta-
tion. Distribution of elevated genetic disease risk and
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Table 3. Genetic Testing Results and Consumer Perceptions of the PCP Discussion of PGT Results, by Satisfaction Level*

Variable

How Satisfied Were You With the
Discussion of Your Results With Your PCP?

Not at All Somewhat Very
Participants, n (percentage of total group)t 51(18.4) 128 (46.2) 98 (35.4)
Genetic testing results
Results available, n (%) 49 (96.1) 124 (96.9) 90(91.8)

Disease risk: mean proportion of conditions designated “elevated risk”
(SD) [range], %

Pharmacogenomics: mean proportion of drug responses designated
“atypical” (SD) [range], %

Attitudes after testing, n (percentage within discussion category)
| believe my PCP understands genetics well enough to advise me on the
implications of my results for my health.
Strongly/somewhat disagree
Neither agree nor disagree
Somewhat/strongly agree

Discussion perceptions, n (percentage within satisfaction category)

How willing was your PCP to discuss the meaning of your results?
Not at all
Somewhat
Very

How willing was your PCP to use your results in your medical care?
Not at all
Somewhat
Very

Did the interpretation of your results provided by your PCP differ from the

interpretation provided by the DTC PGT company?
No
Yes
Among those who responded "yes":
How much do you trust the interpretation from your PCP?
Not at all
A little
Somewhat
Very
Extremely

How much do you trust the interpretation from the DTC PGT company?

Not at all
A little
Somewhat
Very
Extremely

20.5(8.0) [4.0-40.0] 20.2(7.7)[0-41.4] 20.0(7.1)[4.0-37.9]

19.1 (12.3) [0-44.4] 23.4(13.2)[0-55.6] 21.9 (12.3)[0-62.5]

36(70.6) 31(24.2) 11(11.2)
10 (19.6) 38(29.7) 17 (17.3)
5(9.8) 59 (46.1) 70 (71.4)
22 (43.1) 4(3.1) 0(0)
25 (49.0) 100(78.1) 16 (16.3)
4(7.8) 24(18.8) 82(83.7)
31(60.8) 22(17.2) 2(2.0)
19 (37.3) 84 (65.6) 30(30.6)
1(2.0) 22(17.2) 66 (67.4)
8(74.5 114(89.1) 94 (95.9)
13(25.5 14(10.9) 4(4.1)
3(23.1) 0(0) 0(0)
4(30.8) 4(28.6) 0(0)
4(30.8) 6(42.9) 1(25.0)
1(7.7) 4(28.6) 2(50.0)
1(7.7) 0(0) 1(25.0)
0(0) 0(0) 0(0)
0(0) 1(7.1) 0(0)
4(30.8) 8(57.1) 1(25.0)
8(61.5) 5(35.7) 2(50.0)
1(7.7) 0(0) 1(25.0)

DTC = direct-to-consumer; PCP = primary care provider; PGT = personal genomic testing.

* Percentages may not sum to 100 due to rounding.

T The total group was composed of 277 participants. One participant did not report his or her satisfaction with the PCP discussion or respond to the
3 items under discussion perceptions and was therefore excluded from this table.

positive pharmacogenomic results was also relatively
consistent among the groups (Appendix Table 2, avail-
able at www.annals.org, shows detailed genetic results,
stratified by discussion status).

A total of 159 participants who discussed their DTG
PGT results with their PCP provided text explanations of
their satisfaction level. Ten themes were identified, and
the most frequent were “actionability/use in care”
(how and whether the results could be or were used
[32%]) and “engagement/interest” (that PCPs were in-
terested and willing to discuss the results [25%]). Table
4 shows examples of each, and Appendix Table 3
(available at www.annals.org) shows the complete list
of responses. Two additional examples are shown in
Table 5 in the context of case reports.
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DISCUSSION

To our knowledge, this is the first description of the
interactions between DTC PGT consumers and their
PCP from the consumers' perspective in a longitudinal
study. The frequency with which consumers reported
sharing their reports in the PGen Study (35%, inclusive
of all HCPs) is similar to that seen in the Scripps
Genomic Health Initiative (a study of PGT among em-
ployees of a medical research institute) (10) and a
cross-sectional survey of DTC PGT customers (11). The
baseline frequency of the intention to share results with
an HCP (>60% in our study) was considerably higher
and was similar to estimates of 78% among hypotheti-
cal consumers (12) and greater than 90% of early PGT
adopters (24). Participant responses suggest that the
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Table 4. Consumer Perceptions of the PCP Discussion of
DTC PGT Results: A Sample of Free-Form Responses, by
Theme*

Actionability/use in care (n = 51 [32%)])
"My doctor was most interested in the medication-related results. She
felt that the knowledge could help her medication choices in the
future. She did not have time to discuss any other results.”

Inclusion in medical records (n = 17 [11%])

“l wanted to talk to him about it without it becoming part of my medical
record. | think he felt either it was serious and legitimate (and
therefore should be part of my medical record) or it was just a
joke/entertainment and shouldn't be. .. ."

Engagement/interest (n = 39 [25%])
"My provider is AWESOME and open to learn new things. She was
really impressed with the report from Pathway and read the entire
thing.”

Lack of engagement/interest (n = 35 [22%)])

“My regular PCP moved and | am now seeing her replacement. She
was not as willing to look at the results . . . | had to insist that she look
overthem ... | made her a copy and had it put in my records but |
don't think she even looked at it. .. ."

Skepticism (n = 11 [7%])
“She doesn't believe in this type of testing. | sent the results from
[23andMe] to her and she never looked. She told me it wasn't
needed and not to believe the results.”

Lack of knowledge (n = 24 [15%])
"PCP-Backed away from the report like it was something to be afraid
of ... lacked training in this area and preferred not to review and
discuss.”

More information needed (n = 6 [4%])
“The doctor was objective about the results but seemed to want more
specific information prior to any kind of committed statement.”

Not enough time (n = 17 [11%])
“The issue is the length of time you get to see the doctor. Even though |
scheduled to discuss the results the appointment was less than 15
minutes.”

Negative effect on patient-provider relationship (n = 4 [3%)])
“He [said] saliva testing was unreliable and a waste of money. | now see
someone else.”

DTC = direct-to-consumer; PCP = primary care provider; PGT = per-
sonal genomic testing.

* Proportion of responses that contained elements related to each
theme. 159 of 278 consumers who discussed their results with a PCP
responded to the following prompt: “Please tell us why you were or
were not satisfied with your discussion of your DTC PGT results with
your PCP.” Responses were classified under as many themes as appli-
cable. See Appendix Table 3 (available at www.annals.org) for a full
list of responses and theme classifications.

discrepancy between pretest intentions and posttest
behaviors may in large part be explained by an initial
overestimation of the expected importance or action-
ability of results and the relatively short follow-up pe-
riod in which these behaviors were measured. There-
fore, the effect of DTC PGT on health care use may not
be fully realized for some time and may hinge on the
perceived utility of results as an individual's medical
needs evolve.

The profile of participants who reported sharing
their results with an HCP (for example, women and par-
ents) may reflect the larger context in which DTC PGT
takes place. For example, women are typically greater
users of health care services compared with men (25),
and parents may have additional reasons to discuss

www.annals.org

Table 5. Case Reports

Case A: high satisfaction with the PCP discussion of results

Mrs. A is a married, multiracial woman aged 40 y who has no children.
She is college-educated, has a household income of <$40 000 per
year, and has health insurance. She reports being in fair health and
rated the desire to improve her health as a very important factor in
her decision to order DTC PGT. She has a history of retinal migraine,
ulcers, a heart murmur, right ventricular enlargement, osteoarthritis,
and rheumatoid arthritis; elsewhere, she mentions that she has
Ehlers-Danlos syndrome.

Mrs. A's DTC PGT results indicate an elevated risk for exfoliating
glaucoma, coronary heart disease, amyotrophic lateral sclerosis, and
myocardial infarction and an increased sensitivity to warfarin.

Six months after testing, she somewhat agreed that DTC PGT allowed
her to find out how to improve her health, and, overall, she is
extremely satisfied with her decision to have testing. She is also very
satisfied with the discussion of results she had with her PCP, who was
very willing to discuss her results and somewhat willing to use them
in her medical care. About this encounter, she writes, "l told my
doctor about the testing and how | wasn't prepared to have the
results submitted to my medical health file just yet. She was
completely on board with my decision but was very interested to see
my results for her knowledge as we moved forward. | appreciated
that she respected my decision to not put it in the file, but that she
wanted the knowledge to aid in my medical future.”

She also notes that she shared her results with a genetics specialist but
is only somewhat satisfied with the experience so far: “I submitted
my info to my geneticist but have yet to hear back from him
regarding the results, so I'm not too happy with that.”

Case B: low satisfaction with the PCP discussion of results

Mr. B is a married, white man aged 41 y who has children. He is
college-educated, has a household income of $100 000-$200 000
per year, and has health insurance. He reports being in very good
health and rated the desire to improve his health as a somewhat
important factor in his decision to order DTC PGT. He receives no
medications; has a history of asthma; and has a family history of
leukemia, breast cancer, unknown heart disease, high cholesterol,
and arthritis.

Mr. B's DTC PGT results indicate an elevated risk for prostate cancer,
psoriasis, rheumatoid arthritis, age-related macular degeneration,
multiple sclerosis, atrial fibrillation, venous thromboembolism,
restless leg syndrome, esophageal squamous cell carcinoma, and
stomach cancer. He also has an increased sensitivity to warfarin.

After testing, he did not at all agree that DTC PGT allowed him find out
how to improve his health and is only somewhat satisfied with his
decision to order this testing. He was not at all satisfied with the
discussion of results he had with his PCP, who was reportedly not at
all willing to discuss or use his results in his medical care. About this
encounter, he writes, "He was not interested in the printable
summary of my results without digging into the underlying genome
data. But the underlying data was hard to get and impossible to print
out, so | couldn't really share it with him.”

DTC = direct-to-consumer; PCP = primary care provider; PGT = per-
sonal genomic testing.

their results with an HCP, such as the implications for
children or grandchildren (a testing motivation en-
dorsed by nearly 50% of early PGT users [24]). More-
over, we have previously shown that education level is
positively associated with both genetics knowledge
and self-efficacy (one's confidence to apply genetics
knowledge) in the PGen Study (26); therefore, consum-
ers without a college degree may have a greater need
for consultation after they receive complex genetic in-
formation. Finally, the nature of the testing offered by
Pathway (disease risk and pharmacogenomic informa-
tion only) compared with 23andMe (which also pro-
vided ancestry and benign trait data) suggests that
Pathway consumers may have had a more focused,
health-related interest in obtaining DTC PGT.
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Regardless of whether consumers reported dis-
cussing their results with their HCPs, satisfaction with
the decision to obtain DTC PGT was high, and most
participants agreed that it enabled them to learn about
their genes without going through a physician. Other
attitudes after testing varied by discussion status, but
the directionality of this relationship is unclear. For ex-
ample, the finding that participants who reported shar-
ing their results with a PCP were more likely to agree
that their results could be used to improve their health
and less likely to express concerns about their results
being added to their medical record may explain why
they sought consultation in the first place. Conversely,
beliefs about PCPs' understanding of genetics among
participants who reported sharing their results with a
PCP were probably shaped, at least in part, by the in-
teraction (for example, these participants were the
most likely to express a strong opinion of PCP under-
standing [either positive or negative rather than
neutral]).

A minority of participants was not at all satisfied
with the PCP interaction, and a few explanations are
possible. First, considerable evidence suggests that
nongenetics specialists are ill-prepared for the integra-
tion of genomics into primary and preventive care (27-
30), and patient dissatisfaction may reflect the PCP's
inability to adequately respond to patient inquiries and
concerns. This interpretation is supported by the fact
that the participants who were most dissatisfied with
the PCP encounter were also the least likely to report
high PCP willingness to discuss results and the many
free-form responses described PCPs being unwilling or
“afraid” to even look at the DTC PGT report. A patient's
perception (whether correct or incorrect) that the PCP
lacks competence in genetics could also undermine
their trust in the provider, which has been linked to
patient dissatisfaction (31).

Given the increasing importance of genetic consid-
erations in primary care over the past decade (32-34)
and repeated calls for physician education initiatives in
genomics (35-37), all PCPs should have adequate clin-
ical skills to at least engage in a discussion about ge-
netic testing that describes its benefits and limitations
and provides an account of why further action is or is
not recommended. Prior research on predictors of pa-
tient satisfaction suggests that such discussions, to the
degree that they incorporate patient-centered ques-
tioning techniques, explanations, and health education
and information sharing (38), can potentially improve
patient satisfaction with the PCP interaction. Engage-
ment with DTC PGT may also benefit the provider. For
example, these encounters may serve as an education
opportunity for a provider, initiated by “empowered
patients” engaged in “participatory medicine” (39), a
notion supported by the following comments from a
PGen Study participant: “l think by my diligence | can
help expose my [doctors] to consider the advantages of
such genetic information. | took this test, knowing full
well that it was a new tool in the medical treatment and
diagnosis. | saw it as my part to participate in this new
era in medicine.”
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However, another important contributor to dissatis-
faction may be the differences between consumer ex-
pectations and PCP training with respect to how DTC
PGT results should be integrated into care. Individuals
who seek DTC PGT probably believe it has value, at
least as it pertains to their particular goals in testing
(such as learning about their ancestry or determining
their risk for cancer). These beliefs may originate from
various sources (such as company marketing, media re-
ports on genetic testing and genealogy, or science ed-
ucation programs) and may or may not be accurate, but
they nonetheless contribute to the context in which re-
sults are discussed between consumers and PCPs. Con-
sumer expectations are probably further shaped by the
experience of DTC PGT itself and particularly the way in
which results are presented. For example, PGen Study
participants who received an elevated risk result from
Pathway accompanied by the phrase, “Speak with your
doctor about developing a prevention plan,” might
have reasonably expected their PCP to both discuss the
results with them and actively use them to guide pre-
ventive care. Thus, the ways in which companies and
their advocates promote and present DTC PGT may be
a factor in how consumers view these services and may
have an important (and perhaps negative) effect on
patient-physician interactions.

Unmet expectations are a strong predictor of pa-
tient dissatisfaction at both immediate and longer-term
follow-up after a primary care appointment (40, 41). A
participant may have believed that they were inade-
quately served if the PCP did not act on a result they
pinpointed as being particularly important, even
though such inaction may have been the medically ap-
propriate course (for example, in the case of an in-
creased risk for Alzheimer disease, bipolar disorder, or
leukemia). Some patient dissatisfaction may stem from
the disconnect between how companies market (and
their customers perceive) the utility of DTC PGT and
how the medical community describes (and its mem-
bers perceive) it. In a commentary on DTC medical ad-
vertising, Leah Rosenberg (42) argues that the market-
ing of unproven medical technologies has a pernicious
effect on the patient-provider relationship in that it “un-
dermine[s] an essential element of the therapeutic en-
counter: trust.” However, she concludes by encourag-
ing provider engagement:

Rather than categorically refusing all patient re-
quests for unproven screening tests, one pos-
sible solution entails using the query as an
entry-point for important physician-patient dis-
cussions about risk, planning, and prevention.
When viewed another way, the advertising may
activate patients toward greater agency in their
healthcare and promote stronger collabora-
tions of information exchange.

Strengths of the PGen Study include its recruitment
of actual DTC PGT customers, longitudinal data collec-
tion, and access to individual genetic results. Limita-
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tions include the potential for selection bias inherent to
voluntary survey data and the significant nonresponse
rate at 6-month follow-up. Most important, our findings
reflect the consumer perspective and do not relay the
facts of the provider encounter. We could not discern
how participants communicated with their providers
(such as by phone or in person), which specific results
were discussed, or the length of the encounters. More-
over, the number of participants in certain analysis
groups was small (such as those who reported a dis-
agreement between company and PCP interpretation
of results), and results from these groups should be
interpreted with caution. Finally, our findings are not
necessarily generalizable to other DTC PGT consumers,
particularly because the profile of such consumers
changes over time from early adopters to more main-
stream individuals. Participants in the PGen Study may
have also been more likely to believe that their results
had clinical utility and therefore were more frequently
dissatisfied with the PCP encounter when medical ac-
tion was not initiated.

In summary, to our knowledge, we have presented
the first comprehensive picture of DTC PGT consumers
who report sharing their results with an HCP, including
consumer descriptions of these encounters. Our results
suggest that a minority of consumers share their results
with an HCP, most are satisfied with the HCP discussion
of results, and both of these outcomes may be related
to a consumer's perception that their results can poten-
tially affect their care.
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Appendix Figure. Survey data collection in the PGen Study, detailing the recruitment and survey administration process.

Consented to PGen Study
(n = 1838)
23andMe: 1249
Pathway: 589

Partially completed BL survey
(n =104)

23andMe: 80

Pathway: 24

Completed BL survey after accessing results
(n = 86)

23andMe: 84

Pathway: 2

BL survey responses (n = 1648)
23andMe: 1085
Pathway: 563

No results report (n = 159)
Did not access results report in study period: 49
23andMe: 9
Pathway: 40
Data on access of results report not available: 110
23andMe: 107
Pathway: 3

Invited to complete follow-up
surveys (n = 1489)
23andMe: 969
Pathway: 520

Did not view health-related results (self-report)

5| (n=25)

23andMe: 22

Eligible follow-up surveys Pathway: 3

(n = 1464)
23andMe: 947
Pathway: 517

Excluded for technical reasons (n = 15)
23andMe: 0
Pathway: 15

Did not respond to 6-mo survey (n = 407)
7| 23andMe: 297
Pathway: 110

Available 6-mo surveys
(n =1042)
23andMe: 650
Pathway: 392

Did not respond to question about sharing results
(n =16)
“|  23andMe: 13
Pathway: 3
| \ | \
Group 1: Discussed results with Group 2: Discussed results with other Group 3: Did not discuss results with Group 4: No response
PCP (n = 278) HCP only (n = 78) any HCP (n = 670) (n = 438)
23andMe: 151 23andMe: 36 23andMe: 450 23andMe: 310
Pathway: 127 Pathway: 42 Pathway: 220 Pathway: 128

The white boxes show the progression of the sample composition of the study. The green boxes represent points of exclusion or loss to follow-up.
The gray boxes indicate the 4 mutually exclusive “discussion status” groups created for this analysis. BL = baseline; HCP = health care provider;
PCP = primary care provider; PGen = Impact of Personal Genomics.
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Appendix Table 1. Complete Genetic Testing Results, by Status of PGT Results Discussion at 6-mo Follow-up*

Variable Discussed Results Discussed Results With Did Not Discuss Results
With PCP (n = 278) Other HCP (n = 78) With Any HCP (n = 670)
DTC PGT reports available, n (%) 264 (95) 77 (99) 642 (96)
Elevated risk for disease or positive result, %
Type 2 diabetes mellitus 12 16 15
Type 1 diabetes mellitus 6 4 12
Prostate cancert 27 0 26
Psoriasis 14 12 16
Rheumatoid arthritis 12 13 15
Parkinson disease 11 9 13
Alzheimer disease 25 20 22
Age-related macular degeneration 22 16 21
Melanoma 21 10 12
Ulcerative colitis 15 20 22
Multiple sclerosis 21 22 15
Exfoliating glaucoma 28 22 22
Obesity 17 21 11
Coronary heart disease 23 31 21
Atrial fibrillation 25 22 26
Lung cancer 18 23 17
Colorectal cancer 21 25 25
Breast cancert 11 9 11
Venous thromboembolism with estrogen supplementationt 10 14 5
Abacavir hypersensitivity 7 7 6
Clopidogrel efficacy 21 29 21
Warfarin sensitivity 61 68 64
23andMe customers only§
Chronic kidney disease 31 31 27
Primary biliary cirrhosis 27 26 26
Scleroderma 23 37 22
Venous thromboembolism 17 31 22
Restless leg syndrome 45 31 40
Esophageal squamous cell carcinoma 34 37 35
Crohn disease 1N 20 12
Stomach cancer 27 20 30
Celiac disease 18 17 25
Gallstones 12 11 12
Bipolar disease 15 9 13
Response to hepatitis C treatment 57 63 65
Alcohol consumption, smoking, and risk for esophageal cancer 0 0 1
Fluorouracil toxicity 0 0 2
Pseudocholinesterase deficiency 4 6 5
Thiopurine methyltransferase deficiency 10 3 9
Pathway customers only||
Amyotrophic lateral sclerosis 14 7 11
Asthma 29 31 28
Hypertension 45 45 54
Leukemia 7 10 11
Myocardial infarction 56 67 54
Osteoarthritis 11 21 13
Peripheral artery disease 46 52 50
Aminoglycoside-induced hearing loss 0 2 0
Carbamazepine hypersensitivity 0 0 1
Methotrexate toxicity 59 48
Statin therapeutic benefit 64 64 58
Statin-induced myopathy 17 31 18

DTC = direct-to-consumer; HCP = health care provider; PCP = primary care provider; PGT = personal genomic testing.

* Italicized text indicates pharmacogenomic variant. Unless otherwise noted, proportions are computed among all individuals for whom genetic
testing reports were available; however, not all consumers for whom a report is available received estimates of risk for every disease. Some results
were not reported on an individual because of ancestry or technical considerations determined by the companies.

T Proportions among men only: PCP, n = 95; other HCP, n = 20; no HCP, n = 280.

f Proportions among women only: PCP, n = 169; other HCP, n = 57; no HCP, n = 362.

§ Proportions among 23andMe customers only: PCP, n = 137; other HCP, n = 35; no HCP, n = 422.

|| Proportions among Pathway customers only: PCP, n = 127; other HCP, n = 42; no HCP, n = 220.
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Appendix Table 2. Complete Genetic Testing Results, by PCP Discussion Satisfaction Level*

Variable How Satisfied Were You With the Discussion
of Your Results With Your PCP?

Not at All Satisfied Somewhat Satisfied Very Satisfied
(n=51) (n =128) (n =98)
DTC PGT reports available, n (%) 49 (96) 124 (97) 90 (92)
Elevated risk for disease or positive result, %
Type 2 diabetes mellitus 12 13 10
Type 1 diabetes mellitus 10 76 6
Prostate cancert 46 15 39
Psoriasis 16 13 14
Rheumatoid arthritis 10 10 17
Parkinson disease 10 8 15
Alzheimer disease 22 23 28
Age-related macular degeneration 20 22 23
Melanoma 27 19 19
Ulcerative colitis 10 16 14
Multiple sclerosis 20 21 21
Exfoliating glaucoma 27 31 26
Obesity 16 19 16
Coronary heart disease 29 27 14
Atrial fibrillation 31 24 23
Lung cancer 22 15 19
Colorectal cancer 16 23 21
Breast cancerf 0 12 18
Venous thromboembolism with estrogen supplementationt 14 12 4
Abacavir hypersensitivity 2 8 8
Clopidogrel efficacy 12 26 18
Warfarin sensitivity 31 40 48
23andMe customers only§
Chronic kidney disease 48 24 30
Primary biliary cirrhosis 33 31 21
Scleroderma 24 27 17
Venous thromboembolism 14 28 11
Restless leg syndrome 43 45 47
Esophageal squamous cell carcinoma 48 31 34
Crohn disease 10 10 13
Stomach cancer 33 18 34
Celiac disease 10 16 21
Gallstones 5 18 8
Bipolar disease 19 15 13
Response to hepatitis C treatment 24 47 45
Alcohol consumption, smoking, and risk for esophageal cancer 0 0 0
Fluorouracil toxicity 0 0 0
Pseudocholinesterase deficiency 0 6 4
Thiopurine methyltransferase deficiency 14 8 9
Pathway customers only||
Amyotrophic lateral sclerosis I I 22
Asthma 32 34 19
Hypertension 43 45 46
Leukemia 0 11 5
Myocardial infarction 68 50 57
Osteoarthritis 7 15 8
Peripheral artery disease 32 50 49
Aminoglycoside-induced hearing loss 0 0 0
Carbamazepine hypersensitivity 0 0 0
Methotrexate toxicity 54 60 62
Statin therapeutic benefit 57 66 65
Statin-induced myopathy 4 3 3

DTC = direct-to-consumer; PCP = primary care provider; PGT = personal genomic testing.

* Italicized text indicates pharmacogenomic variant. Unless otherwise noted, proportions are computed among all individuals for whom genetic
testing reports were available; however, not all consumers for whom a report is available received estimates of risk for every disease. Some results
were not reported for an individual because of ancestry or technical considerations determined by the companies.

T Proportions among men only: not at all satisfied, n = 13; somewhat satisfied, n = 48; very satisfied, n = 33.

f Proportions among women only: not at all satisfied, n = 36; somewhat satisfied, n = 76; very satisfied, n = 57.

§ Proportions among 23andMe customers only: not at all satisfied, n = 21; somewhat satisfied, n = 62; very satisfied, n = 53.

|| Proportions among Pathway customers only: not at all satisfied n = 28; somewhat satisfied, n = 62; very satisfied, n = 37.
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Appendix Table 3. Consumer Perceptions of the PCP Discussion of DTC PGT Results: Free-Form Responses, by Theme*

Responses (n = 159) Themest

A B C D E F G H I J

“1) Good: He was intrigued by the opportunity to work with a patient who'd had personal genomics 2) Not so A C E
good: He pooh-poohed the significance of the results | felt were most important. 3) Good: Despite his
cynicism about the results, he initiated changes to my medications, agreed to order new bloodtests [all sic],
and is cooperating with me on modifying my vitamin protocol in response to the PGen findings.”
“23andMe says | can live to be 100. My mother did. | do not want to. My Dr. laughed. There is not a lot he can A
do to give me a disease earlier, lol...”
“Added insights into possible treatments” A
“Although my primary care provider listened to me, and she was happy for me that my likelihood of getting B C F H
pancreatic cancer seemed less than | thought (a previous worry to me since my father died of pancreatic
cancer), and she placed the 23andMe printout | gave her in her medical file on me, the doctor (of internal
medicine) said she didn't really understand the printout | gave her (though she is rated among the “Best
Doctors”). (Maybe she didn't want to take the time to look at it in detail.)”

"Appointment time limits” H
“Conversation was very brief; would have liked to talk more about it.” H
“Didn't seem that interested.” D

“Doctor was only somewhat interested.” D

“He rejected my results out right despite my quip that recent genetic testing tests are supported by the AMA E [F

now! It was not the results, just the idea ... he thought if phoney stuff.”
“Having a tool that provides a clearer picture of my health and how together with my physician we can keep me A

healthy.”

“He did not see great value in the results; they added little to what was already known about my health.” A D G

“He didn't really care to be honest.” D

“He didn't really discuss it with me after reviewing the results, so I'm not totally convinced he reviewed it.” D

“He found it “interesting”” C

“He had an "oh well” attitude” D

“He is certainly not trained in understanding the dynamics of genetics. Doctors don't seem interested in having F
someone, who is not as learned as they, explain to them what could possibly be an alternative consideration
when they believe they know everything.”

“He just looked over top findings, didn't spend much time on them. He had done one genetic test already and D H |
felt like that had answered important health questions. | will continue to share the 23andMe results as part of
my care.”

“He listened and agreed, but didn't really seem excited to see it or to encourage or discourage it.” D

"He looked at the printouts | gave him and we discussed it, then he put it in my records.” B C

“He made note of what | told him onto my medical record but was in too much of a rush to see other patients to B H J
sit down and discuss results. I'm considering choosing another doctor.”

“He said he didn't know anything about it (in specific, the MTHFR info, therefore couldn't discuss it with me and A C D F
wasn't interested in learning about it.***My rheumatologist did take note of the drug reaction info and did
not prescribe methotrexate as he had planned. Kudos to him!!”

“He said it was a total waste of time” E

“He staid saliva testing was unreliable and a waste of money. | now see someone else.” E J

“He understood what | told him.”

“He used my results to order further tests and to confirm a diagnosis” A

“He was interested and engaged in the discussion” C

“He was interested but only as the testing could apply to his own wife (she had been adopted). He had no C D
interest in incorporating my results into his file.”

“He was interested in my genetic makeup and how it would better enable him to provide me with the best A C
medical care possible.”

“He was not interested in the printable summary of my results without digging into the underlying genome D G
data. But the underlying data was hard to get and impossible to print out, so | couldn't really share it with
him.”

“He was not interested.” D

“He was very open to the findings and enlightened regarding the obesity-related results.” C

“He wasn't that interested. He sees it as supplemental information. In the end all information is good D G
information.”

“| actually emailed him the results; and | am not sure that we discussed them when | later met with him in
person.”

“l am now pregnant and my doctor liked that | could see my 44 traits that | would or would not pass on to the A

babies. (Twins)”

“I am seeing a new primary care person who is not completely familiar with my health history.”

"l am still learning myself about some of my results and the implication of the results. My primary care provider A C
is also learning about the genetics and treatment applications. | would say for both us the 23andMe gave us
some talking points re: some health challenges | have faced.”

"I appreciated that my PCP came up with a plan to follow or be proactive with what was indicated. We would A
follow my body more than test results.”
“I believe he asked me to have a test done that he wouldn't have otherwise.” A
Continued on following page
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Appendix Table 3—Continued

Responses (n = 159) Themest

A B C D E F G H I J

“I brought the report to my yearly physical, and had limited time to discuss (I wanted to know if | should be A H

further tested for hemachromatosis since | have 2 related markers, or maybe have ferritin/iron/iron binding

studies)-he said since my HGB is normal, he didn't recommend further studies, but if | really wanted to pursue

it.......l am not post-menopausal, so I'm not planning on doing anything more at this time, but being aware of

this result would seek medical help if | experience iron overload symptoms.”
“I changed to a different doctor after he told me | needed “a shrink™” J
“I discussed one part of my results with my neurologist recently because it relates to diagnosis | have. He was C F

quite interested but unsure of the full meaning it has in my diagnosis. My primary MD has some

understanding of the results because one particular test | had done has revealed evidence of this.”

“I do not think by primary care provider was well-informed as to the validity of the results provided by F
23andMe.”

“I do tend to worry but my doctor said he would keep track of the tests that he could do.” A

“I felt that my PCP did not consider it credible” E

“I have had very little reason to discuss results and thus, very little reaction to them.”

“I printed the report for her. And we talked about the drug reaction part. But we did not discuss the entire B
report in detail.”

“| send copies to my Primary Care Physician for my files. She did not comment, but added the information to my B
Medical Profile.”

“I' think my PCP did not really understand how useful some of the information could be as far as my overall D F

health and was not really willing to discuss information about how to engage in preventative care in relation
to some of the illnesses for which | am at risk.”

“I think my physician is old school. Just not interested” D

“I told her | had done this and asked if she would like to look at results. She said no, she did not care. | think she D F
did not understand what this was all about.”

“I told my doctor about the testing and how | wasn't prepared to have the results submitted to my medical B C

health file just yet. She was completely on board with my decision but was very interested to see my results
for her knowledge as we moved forward. | appreciated that she respected my decision to not put it in the file,
but that she wanted the knowledge to aid in my medical future.”
“I wanted him to know about my potential reaction to certain medications.” A
“I wanted information about genetic tendencies for psychological disorders that may be passed through A
chromosomes since there is mental health issues on maternal and paternal sides for at least 3 generations. |
was under the impression that those tendencies were being tested in the sample.”

“l wanted to see if there was a strategy we could employ to monitor or prolong Alzheimers. She didn't have an A F
answer for me.”
“l wanted to talk to him about it without it becoming part of my medical record. | think he felt either it was A B

serious and legitimate (and therefore should be part of my medical record) or it was just a joke/entertainment
and shouldn't be. He did use it as leverage, though, to get me to agree to switch a medication that | had
been hesitating about (he wanted me to switch my birth control for a different reason, but he seized the
opportunity to use my increased risk for venous thromboembolism as leverage to get me to agree to do so).”
“I was happy he even entertained the conversation. | thought he might think it was not something he wanted to C
spend any time on so | was pleasantly surprised.”
“| was satisfied in the terms that this is new to him. But | think by my diligence | can help expose my Dr. to
consider the advantages of such genetic information. | took this test, knowing full well that it was a new tool in
the medical treatment and diagnosis. | saw it as my part to participate in this new era in medicine. | suffer
from Hughes Syndrome, my family has a history of autoimmune disease, Celiacs, | was diagnosed in the late
eighties as being slightly autistic (which would be now, Asperger's) and | did find out my haplogroup and
where my family came. The mystery that most satisfied me was that even though | have this autoimmune
disease |, at 51 yrs old, | don't look my age and have a great muscular physique, | don't look ill. | have bled
out to 3.4 hemoglobin and my body adapted to it | walked into the hospital on my own the Drs. said for a
male thatis 5'10" 225lbs was pretty impressive. So the more | learn the better | feel about 23andMe's data.”
“I wasn't sure he was into it.” D
“I wish we could have full access to our results and not just the report outputs. It would be very helpful to have
all of the information (raw data).”
“I would have liked my doctor's to have taken the information more seriously. They seemed overwhelmed by B D H |
the volume of material and did not seem to spend a lot of time on it. | pre-reviewed it for them in advance of
my appts and pointed out the specific areas that | wanted to discuss with them, so as to try to make best use
of the limited time available during a doctor's visit. My primary doctor agreed to keep the information on file
in my medical chart for future reference, which is a good thing.”
“I would like my results for the breast cancer gene but unfortunately | indicated that | would not want them
originally. How can | get those results for my primary care provider?”
“I'm a physician and now my primary care person is going to do it too.”

“Insufficient data-I just mentioned the caffeine tolerance thing; | didn't raise an issue of concern or ask for A

additional treatment or anything.”
“It did not seem to interest him-I think he does not feel he has time to read a report like that” D H
“It provided interesting conversational fodder” ©

“It provided new information genealogical research.”

Continued on following page
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Appendix Table 3—Continued

Responses (n = 159) Themest

A B C D E F G H I J

“It was a lot for my doctor to take in because she had no experience with such a service. She was also very C F
interested in it for personal reasons because of how cheap it is versus a single genetic test. It took her some
time to figure out what exactly the results meant... ie: if an SNP was this or that. Also, she had to correct me in
some of my understanding of the “odds”.. which, | think it to be expected with most people. With Clot Factor
V (or whatever), I'm at increased risk, but no more than most people of European descent, which | didn't pick
up from the website on my own, probably due to my own.. lack of reading. Overall, she was very curious
about it... she wouldn't allow me to give her direct access to view on her own though.. she said never to allow
anyone access to it. (I'm not as concerned. It's not as if they have access too my raw results.)”

“It was mostly FYI for the future. She thought it was very interesting and wanted to know more about it.” C

“It was not an in-depth discussion - | didn't have any “red flags"” per se, but my Doctor was interested in the A C
23andMe process and results.”

“It was primarily informational. There were no immediate steps to take.” A

"My Gl specialist said the treatment would not change for Crohn's disease based on any genetic results, so he A D
had no interest in whether it was Crohn's or UC. Frustrating”

“My PCP and the Infectious Disease Specialist that | spoke with weren't that interested in it. | explained to them D E

that it was legitimate and showed it to them, but it was almost as if they refused to believe it was a viable test.
Very frustrating!”
"My PCP has downloaded my 23andMe results into my med recs for future use” B |
"My PCP is a genetics researcher at STSI, La Jolla, CA.”
"My PCP looked at the results and with the blood work and labs that he'd had ordered for me, saw nothing to A
show that the results would be mis-matched. So far so good. :)”
"My PCP was very open to discussing some of the issues in the results that | brought up. She also agreedtodoa A C
follow-up test related to one of the risk markers.”
“My answers don't exactly fit in with this line of questioning. | did mention to my practitioner that | had had the A
testing done, and for that reason didn't want to take an MAIO. | did not show her the results of my testing, so
this question doesn't apply.”
"My discussions were primarily with my dermatologist and eye guy.”

"My doctor and | are working together to develop a more comprehensive care plan for me based, in part, on A
my 23andMe results.”
"My doctor didn't think there was anything important to continue on.” A
“My doctor doesn't know about MTHFR, which was the result with the most immediate importance for my A F

health. I didn't discuss the results in the sense of “how does this affect me” but more in the “this is what |
learned” giving him info.”

"My doctor was concerned that the surveys | completed while my sample was being analyzed somehow
affected the results. She did not believe these were 2 separate processes.”

"My doctor was most interested in the medication-related results. She felt that the knowledge could help her A C H |
medication choices in the future. She did not have time to discuss any other results.”

"My doctor was not well versed in genetics and therefore seemed intimidated and distrusting of the results.” E F

"My husband and | just got pregnant, so it was very useful to know the genetic risks to our baby.” A

"My information allowed us to make decisions mostly at the margins, since even a factor of two higher or lower A
risk, was still not that different from the background population. But it did influence some decisions.”

"My PCP was a bit close minded. | have found a new one but have not had time to share the results with her.” D J
"My primary care doc did not go over this with me much, but my geneticist found it interesting and helpful.” C

"My primary care doctor is going to mention it to one of her patients that is adopted.”

"My primary care provider accepted the information with little discussion but with a degree of acceptance on A C

his part. My health issues have not been a problem but he is aware of several areas of concern as relates to to
possible future medication and treatment.”
“My primary care provider was glad that | had got the testing done and agreed it was needed. However, he C F
only looked over it and then told me that | needed to follow up with a Geneticist in person. | think that he did
not know what to do with all the information.”
"My primary care provider's only response was that personal genetic testing may not be reliable.” E
“My primary is only interested in cholesterol and blood pressure. | had a brain tumor that was operated on. She A
was not sure that she would be involved. But she wrote it down as a way of noticing it in my history.”
"My provider is AWESOME and open to learn new things. She was really impressed with the report from A C
Pathway and read the entire thing. The report sort of made sense (to me) of my odd symptoms before | have
an official diagnosis. So | am going to change things to avoid things getting worse. My provider supports me
in this 100%"
"My regular PCP moved and | am now seeing her replacement. She was not as willing to look at the resuilts...| B D
had to insist that she look over them...| made her a copy and had it put in my records but | don't think she
even looked at it..."
“Non issue here”
“Nothing. We covered everything including how to change what | can in my lifestyle to be healthier, but I'd A
already made the changes :)"
“Only just discussed last week & we have more follow-up on some of the results so this answer is not final at all.”

“PCP - Backed away from the Report like it was something to be afraid of . . . lacked training in this area and D F
preferred not to review and discuss.”
“Physicians are always rushed for time and | don't think they are interested in helping their patients understand H

conditions...they just want to shove pills at people to mask symptoms instead of finding the problems and
remedies for those problems.”
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Appendix Table 3—Continued

Responses (n = 159) Themest

A B C D E F G H I J

“Primary didn't know about MTHFR mutations, Lyme doctor did and knew how to treat” A F
“Provider followed up with further testing: mammogram, advice about celiac disease, and recommendation for A C
probiotic. He was quite supportive and surprised to see these issues as genetic data”
“Provider not confident in meaning of results and direct applicability.” F
“Seemed not be to be useful or actionable information.” A
“She did not want to take the time.” H
“She didn't have enough time to really review it.” H
“She didn't really know what to do with the information. She took it on face value, whereas some skepticism is E F
warranted (it's not that deterministic).”
“She didn't seem concerned that | was sensitive to Warfarin because of the use of other drugs. She did agree A
that keeping my blood pressure lower was important because of my possibility of heart disease.”
“She didn't seem very interested.” D
“She didn't think there was much significance in the results.” E
“She didn't understand most of the report but has referred me to a geneticist” F
“She doesn't believe in this type of testing. | sent the results from 23andMe to her and she never looked. She D E
told me it wasn't needed and not to believe the results.”
“She had never seen a genetic study before and needed time to analyze it.” F H
“She isn't knowledgeable and really didn't see anything important or actionable” A F
“She just said it was interesting and put it in my file.” B C
“She seemed not to be interested, but was willing to talk about it.” C D
“She seemed not to know or understand what the implications of a MTHFR and ethylmalonic aciduria would A F

potentially mean for me or my care. Overall the interpretation was that since these are fairly common in
"healthy” people it is not important”

“She still wanted her tests to provide answers to care. She was interested but not using it definitively.” A C G
“She used the genetic testing to test for heart issues” A
“She was very interested, agreed with my need to limit caffeine, and took a look in my eyes.” A C
“She was very pleased with it... She thought it was “cool”” C
“Still need to schedule a more in depth discussion with him.” |
“Tests were ordered based on results.” A
“The Doctors have no idea what to do with the information or what it means.” F
“The carrier status alarmed me. My own interpretation led me to believe that | was at risk for certain health A
conditions. Although my carrier status showed nothing life threatening or dangerous | thought a careful
analysis may allow me to live a healthier life. Whether or not two alleles or one allele provides a healthy
phenotype in my opinion is not clear cut. Both the genetic council and primary care doctor indicated that |
was too alarmed. Alas | likely was, but it would be nice to have a more in depth analysis.”
“The discussion might have been more thorough had the Pathway Genomics included racial elements.”
“The doctor was objective about the results but seemed to want more specific information prior to any kind of G
committed statement”
“The issue is the length of time you get to see the doctor. Even though | scheduled to discuss the results the H
appointment was less than 15 minutes.”
“The only issues requiring proactive action had been already addressed by me and by my doctor.” A
“The report was so large | didn't print it off, he also doesn't use e-mail or other electronic storage, so he didn't B D
have access. He requested a hard copy of the report to put in my file, but we didn't really speak about it very
much. He acted as if the results were somewhat uninteresting.”
“There wasn't much need to discuss it.”
“There were few risk factors but it did point to a family history of a-fib and she arranged a screening since my A
father's health history of a-fib related problems.”
“There were only a couple of things that were relevant and my doctor was familiar with them. Nothing was a
surprise, so it wasn't a high-stakes discussion.”
“They looked at the big printout for a second and then said they would scan it in. | don't think they intend on B D
ever reading it. Same at OB and child's pediatrician.”
“They pretty much didn't discuss it with me.” D
“They were uninterested. But really | think they didn't know what to do with it or how to interpret it. Definitely D F
didn't want to be bothered with it.”
“Time limits.” H
“To my surprise he was excited. | was his first customer to use 23andMe.” C
“Visit was focused on specific issue; will bring up again at annual physical” |
“We didn't have enough time to go in depth... but we have plans to talk about them during future C H |
appointments. His response that | did the testing was extremely positive and he supports his patients that do
this type of personal research.”
“We had insufficient time to discuss the results thoroughly but will do it another time.” H |

“We talked about my printout for about 2 minutes and he put the copy in my file. At least he has it.” B
“We talked about my results on my last visit but | never showed the results to my PCP yet. | plan on talking with |
her on my next visit and I'll bring the results with me to discuss.”

“While they had no immediate relevancy my provider was happy to include them in their records.” B
“Will help in my care, along with answering questions about my health.” A
“Basically was another data piece to be included in med record, so discussion was abbreviated as expected” B
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Appendix Table 3—Continued

Responses (n = 159) Themest

A B C D E F G H I J

“Doctor just brushed testing off” D
“Doctor was open to it. My results were not that dramatic and they did not lead to any big new revelations.” C
“"He didn't seem like he cared, but he did listen” C D
"He doesn't take the time to explain, just took copies of top 2 pages of print-outs-doesn't seem to want to B D F
understand how it might connect with my present health issues. (I really don't understand the results
anyway.)"
“He felt it has great relevance in what medications he would choose for certain health conditions; also it was A C
clearly relevant to current health conditions”
“He listened and was glad to hear that results of breast cancer gene test were favorable” C
“He went thru the report with me and asked if | had any ?s- It said | have a higher risk for getting MS which | do €
have”
“I'have a wonderful primary care doctor who actually listens to what | have to say and is happy to discuss my C
care and treatments”
“I have brain cancer, and my oncologist said that these results did not help us in finding new ways to treat me.” A
"My primary care provider said not to put too much stock in the results. That having a genetic marker for D
something doesn't mean anything. | may or may not develop that illness or condition in the future, it just
means | have the possibility to develop it and shouldn't be alarmed.”
“Open discussion and curiosity about the results on the part of my family physician” ©
“Physician was interested in seeing results but has not discussed the results” C
“Ultimately | found that in some ways it brought up more questions than answers. For example, caffeine acting G

unusually in my body, does it change other medications or other systems as well, could it cause my body to
absorb less of medications than a normal person, etc.”

a-fib = atrial fibrillation; AMA = American Medical Association; DTC = direct-to-consumer; Gl = gastroenterologist; HGB = hemoglobin; MAIO =
monoamine oxidase inhibitor; MS = multiple sclerosis; OB = obstetrician; PCP = primary care provider; PGEN = Impact of Personal Genomics Study;
PGT = personal genomic testing; SNP = single nucleotide polymorphisms; STSI| = Scripps Translational Science Institute; UC = ulcerative colitis.

* 13 responses could not be classified under the selected themes but are included in the table.

T A = actionability/use in care (n = 51 [32%]); B = inclusion in medical records (n = 17 [11%]); C = engagement/interest (n = 39 [25%]); D = lack of
engagement/interest (n = 35 [22%)]); E = skepticism (n = 11 [7%]); F = lack of knowledge (n = 24 [15%]); G = more information needed (n = 6 [4%]);
H = not enough time (n = 17 [11%]); | = future discussion/use (n = 12 [8%)]); J = negative impact on provider relationship (n = 4 [3%)]).
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