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Purpose: Medical schools are being approached by direct-to-consumer
genotyping companies about genotyping faculty or trainees as a method
to “teach” them about the potential implications of genotyping. In
thinking about the future incorporation of genotyping into a graduate
level genetics course, the purpose of this study was 2-fold: first, to
assess knowledge, attitudes, and beliefs of students toward personal
genomics as it related to themselves as both as customers and future
physicians and as it related to consumers at large, and second, to
determine the impact of the course (as taught without genotyping) on
knowledge, attitudes, and beliefs. Methods: We surveyed first-year
medical students and graduate students before and after a core genetics
course. Results: After the course, students were less likely to believe
that genotyping information would be useful to physicians, patients, or
consumers; genotyping would provide information to improve their
own personal health; or personal genomic testing services are diagnostic
of medical conditions. They were more likely to answer knowledge
questions accurately after the course but still had difficulty with clinical
interpretation. Despite these changes, a slight majority of students were,
and remained, interested in undergoing genotyping themselves. Of note,
the number who believed genotyping “would help them understand
genetic concepts better than someone else’s data” decreased. General
curiosity was the most commonly chosen reason for interest in under-
going genotyping, and approximately 50% of respondents expressed
concern about confidentiality of results. Conclusions: In conclusion,
even without the genotyping process, an educational program about
genotyping increased knowledge, particularly about the clinical limita-
tions of genotyping, but student interest in genotyping did not signifi-
cantly change. Institutions thinking about offering genotyping to their
students as part of a learning experience should consider the pros and
cons of doing so. Genet Med 2011:13(5):400–408.

Key Words: personalized genotyping, personalized genomic testing,
direct-to-consumer testing, genetic education

“Personal genome” testing (PGT) services that are commer-
cially available as direct-to-consumer (DTC) tests from a

number of sources such as Navigenics, 23&Me, or deCODEme,
promise to revolutionize health care. For the purposes of this
study, we define PGT as whole-genome analysis that is directly
available to consumers for the purpose of identifying health-

related genes or genotypes. At this point, such services are
primarily based on single nucleotide polymorphism (SNP)
genotyping. Indeed, TIME magazine named the Retail DNA
Test as its 2008 Invention of the Year.1 Community hospitals
(such as El Camino Hospital in Mountain View, CA) are also
beginning to incorporate genetic testing and genome-wide anal-
ysis into health care as the core of personalized medicine
programs. Others, such as the Coriell Institute for Medical
Research are testing the utility of personal genomics in large
research-based populations.

However, in the face of this expansion, there are concerns
that genetic testing is not adequately regulated to ensure a
minimum level of safety and efficacy,2–6 the results of such tests
could provide little improvement to health but drive up costs of
health care,7,8 and advertising and information provided about
DTC tests are inaccurate.9,10 There is also concern about the
genetic literacy of clinicians11–13 and how they will communi-
cate information about personalized genomics to their patients.
Physicians in all specialties and genetics professionals will be at
the forefront of caring for and counseling users of PGT services.
In addition, they are likely to be at the leading edge as consum-
ers, potentially being early adopters of genetic and associated
informatics technology.14 Even if PGT services do not require
the involvement of clinicians, the companies providing the
services encourage discussing results with health care providers,
and limited data suggest that potential consumers who reported
being interested in obtaining PGT services would likely consult
a physician about the results.15 Therefore, because they could be
asked to provide counseling and follow-up clinical services as a
result of consumers acquiring PGT, it is important to understand
what clinicians and trainees know and think about such services.

Because of the potential future importance of personal genomics
in medicine and translational research, faculty at Stanford Univer-
sity School of Medicine considered plans to incorporate genotyp-
ing of students into genetics courses to enhance the learning
process. These plans proposed to offer genotyping services to
students, who would receive their individual test results confiden-
tially so that others would not know who obtained their genotypes
or what the results were, but some proposals included group
analysis of data in class sessions and others included the manipu-
lation of personal genome data in classroom learning exercises.
These proposals engendered debate on campus about whether such
genotyping should be conducted, and if so how, with the discussion
centered on issues of privacy and confidentiality of results, poten-
tial for coercion, conflicts of interest and perception of institutional
endorsement of commercial services, need for counseling and
medical follow-up of genetic results, and potential for psychosocial
and other harms.

These discussions eventually resulted in one such course
being offered, but before that happened, we conducted an anon-
ymous survey of medical and graduate students enrolled in the
introductory human genetics course at Stanford University
School of Medicine to evaluate the students’ attitudes toward
and knowledge about PGT. Although it was not the primary
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purpose of the course, we asked respondents to think about PGT
services as it related to them as both as customers and future
physicians and as it related to consumers at large. We also
evaluated the effect of the course on attitudes and knowledge by
administering the survey before and after the course.

MATERIALS AND METHODS

Participants
The study population comprised students enrolled in a human

genetics course (GENE 202) at Stanford University School of
Medicine. First-year medical students are required to enroll in
this core course or to take another upper-level genetics course
that is more research-oriented. Approximately 76 first-year
medical students and 10 other students (primarily undergradu-
ates planning to enter medicine or an allied health field, students
completing a masters degree in a biological science, or medical
residents/fellows, typically in obstetrics or maternal fetal med-
icine) were enrolled in GENE 202 during Fall Quarter 2009.
Participation in this study was anonymous and voluntary and
was not in any way linked to their completion of, or grade in,
the course, and the survey links were sent to all students in the
class on two separate occasions. Forty-three participants com-
pleted the first survey (48% response rate) and 31 participants
completed the second survey (36% response rate). To maintain
anonymity, the two surveys were not linked, and we did not
collect demographic information on respondents. However, ag-
gregate demographic information on the first-year medical stu-
dent class (N � 86) is as follows: mean age, 24 years (range,
21–34 years); 53% female; and 19% from underrepresented
minority groups (defined as African American, Latino, Native
American, Native Hawaiian, and Southeast Asian). To further
maintain anonymity, no information was collected about com-
puter Internet Protocol addresses. Secure Sockets Layer tech-
nology was used to maintain confidentiality of results.

Course curriculum
The human genetics course was directed by two of the authors

(K.O. and L.H.). It came after a 22-hour Molecular Medicine
course required of all medical students (but not taken by the other
students enrolled in GENE 202). The earlier course had spent 4
hours introducing students to basic concepts in molecular biology
including SNPs and to PGT using the example of a course direc-
tor’s personal testing results. The human genetics course encom-
passed 32 hours of instruction and covered topics of clinical
importance in human genetics and genetic counseling. Approxi-
mately 8 hours of the course were devoted to genotyping and
whole genome sequencing, with lectures (primarily given by K.O.
and other university faculty) that included an overview of genome-
wide association studies and whole genome sequencing technolo-
gies. Faculty used specific examples in their teachings (such as
broadly reviewing diabetes studies and their clinical validity and
utility) and compared information available from several DTC
testing companies and nonprofit projects, but they did not present
specific scenarios similar to the questions asked in the clinical
scenarios portion of the survey. Other authors provided additional
ethics instruction on confidentiality (D.M.) and facilitated a man-
datory discussion on the social and ethical applications of such
information (K.O. and H.G.).

Survey
The survey was constructed to assess respondents’ beliefs,

attitudes, and knowledge about personal genomics. The same
survey, containing identical questions in the same order, was

completed at the beginning of the course and 8 weeks later at
the end of all instruction.

On the basis of the questionnaire developed by McGuire et
al.,15 we created a survey that included 43 Likert-scale and
multiple-choice questions. Questions addressed three areas: (1)
general views toward personal genotyping, (2) views toward
personal genotyping as part of a class process, and (3) knowl-
edge questions about interpreting personal genome results. The
majority of these closed-ended questions were answered on a
five-point Likert scale (e.g., strongly disagree, disagree, neutral,
agree, and strongly agree) or with multiple-choice answers that
included the option of “I have no idea how to answer this
question.” Approximately one-third of the questionnaire (18
questions) was devoted to questions from McGuire et al. An-
other third (16 questions) was made up of questions specific to
the use of genotyping in the context of a course. The final
section included three clinical scenarios that asked three ques-
tions each, about interpretation of genotype data, impact of
various clinical factors presented in the scenario on understand-
ing of the case, and how the patient should be counseled.

The survey was distributed through SurveyMonkey.com, an
online site for survey administration and data collection. Each
precourse and postcourse survey remained open for responses
for approximately 1 week. After the initial email containing the
survey link, one reminder was sent to students the day before
the close of each survey. Each survey took approximately 45
minutes to complete.

The Stanford University Institutional Review Board ap-
proved this research, and informed consent was obtained from
all participants. No compensation was provided for participa-
tion; however, students were informed that the faculty at the
School of Medicine was debating whether to proceed with an
offer of genotyping to students as part of learning experience,
and that their input on these surveys would be taken under
consideration as part of the discussion.

Data analysis
SPSS 17.0 was used to analyze data. To ensure the anonym-

ity of respondents, responses were not paired. Therefore, pre-
course and postcourse paired data analysis was not possible.
Instead, descriptive statistics were analyzed for each of the
precourse and the postcourse summary results separately. Data
were then compared between the two surveys using Fisher exact
tests to discern changes in beliefs, attitudes, and knowledge
about genotyping information and DTC genetic testing services.
We present statistical significance at the P � 0.10 level due to
the small sample size in this study.

RESULTS

General views about PGT services
Table 1 describes the basic views about PGT services. Before

the course, 63% of respondents felt that genome-wide association
studies information about common complex traits would be useful
for physicians. After the course, however, respondents were less
likely to view the information as having utility for the physicians
(32%; P � 0.009), patients (47% precourse to 23% postcourse;
P � 0.094, NS), or consumers in general (84% precourse to 52%
postcourse). However, after the course, students were less likely to
view personal genome test results as diagnostic of a medical
condition or disease (31% precourse to 16% postcourse).

Most respondents believed that they themselves understood
the risks and benefits of using personal genome services (61%
precourse and 73% postcourse). However, no respondents pre-
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Table 1 General views about personal genome testing services

Question

Precourse survey Postcourse survey

PPercentage N Percentage N

Recent GWAS have successfully identified a number
of genes that contribute to common complex traits,
such as type II diabetes, schizophrenia, heart
disease, and height. Direct-to-consumer genomic
testing will make it possible for patients to learn
their genotype for these traits and to share the
information with their physicians. How useful do
you think this information will be to a physician?

63% very useful or
indispensible

27/43 32% very useful or
indispensible

10/31 P � 0.009

How useful will this information be to patients
themselves?

47% very useful or
indispensible

20/43 23% very useful or
indispensible

7/31 P � 0.094

How likely is it that knowing this information for
yourself would lead to any changes in your
behavior?

53% very likely or almost
certain

23/43 35% very likely or
almost certain

11/31 NS

In addition to medical and physical traits, GWAS
studies have produced a number of well-validated
associations with complex behavioral traits (such as
risk taking). How useful do you think this
information would be to you?

21% very useful or
indispensible

9/43 16% very useful
(0%
indispensible)

5/31 NS

How likely is it that knowing this information about
behavioral traits would lead to any changes in your
behavior?

24% very likely or almost
certain

10/42 19% very likely
(0% almost
certain)

6/31 NS

Personal genomic testing services are useful for
consumers.

84% yes 32/38 52% yes 16/31 NS

I consider information from personal genome testing to
be diagnostic of medical conditions or diseases.

31% yes 12/39 16% yes 5/31 NS

If I underwent personal genome testing, I would ask a
physician for help in interpreting the results.

79% yes 30/38 74% yes 23/31 NS

Results of personal genome testing would influence
my future health care decisions.

71% agree/strongly agree 27/38 67% agree (0%
strongly agree)

20/30 NS

I would permit a personal genome testing company to
include my de-identified sample for prospective
research.

74% agree/strongly agree 28/38 77% agree/strongly
agree

23/30 NS

Physicians have a professional responsibility to help
individuals understand the results they receive from
personal genome tests, even if the physician has not
ordered the test.

87% agree/strongly agree 33/38 70% agree/strongly
agree

21/30 NS

Physicians have enough knowledge to help individuals
interpret results of personal genome tests.

29% agree (0% strongly
agree)

11/38 7% agree (0%
strongly agree)

2/30 P � 0.005

Most people can accurately interpret their personal
genome test results.

0% agree/strongly agree 0 0% agree/strongly
agree

0 NS

Personal genome companies tell their customers
everything they need to know to make informed
decisions about using their services.

3% strongly agree (0%
agree)

1/38 3% strongly agree
(0% agree)

1/30 NS

I know enough about genetics to understand the
personal genome test results.

34% agree/strongly agree 13/38 20% agree/strongly
agree

6/30 NS

I understand the risks and benefits of using personal
genome services.

61% agree/strongly agree 23/38 73% agree/strongly
agree

22/30 NS

Personal genome companies should have a medical
expert to help customers interpret their results.

71% agree/strongly agree 27/38 80% agree/strongly
agree

24/30 NS

Personal genome companies should be regulated by
the federal government.

45% agree/strongly agree 17/38 43% agree/strongly
agree

13/30 NS

P values indicate significant values between precourse and postcourse surveys using Fisher exact testing.
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course or postcourse felt that most of the general public could
accurately interpret the results, and very few (3% before and
after the course) believed that personal genomics companies
provide clients with everything they need to know to make
informed decisions about using their services.

Professional responsibilities in and regulation of
personal genomic testing

Before course instruction, 87% of respondents agreed or
strongly agreed that physicians have a responsibility to help

patients interpret the results of personal genome tests, compared
with 70% after the course (Table 1). Similarly, the majority of
respondents (71% precourse and 80% postcourse) felt that com-
panies should provide a medical expert to help clients interpret
results. However, few respondents agreed or strongly agreed
(29% precourse and 7% postcourse; P � 0.005) that physicians
actually have enough knowledge to aid in interpretation of test
results.

In terms of overarching guidelines for PGT services, most
respondents were neutral about (32% precourse and 43% post-

Table 2 Reasons for using (or not using) a personal genome service for self and perceptions about why such services
would be useful (or not) for a consumer

Self—precourse
survey

Self—postcourse
survey

P

Consumer—precourse
survey

Consumer—postcourse
survey

PPercentage N Percentage N Percentage N Percentage N

Would you use a personal
genomics testing service for
yourself now?

57% yes 24/42 55% yes 17/31 NS — — — —

I think personal genomics testing
services are useful for
consumers

— — — — 84% yes 32/38 52% yes 16/31 P � 0.004

If yes (respondents asked to
check all that apply)

Satisfy general curiosity 96% 24/25 94% 16/17 NS 77% 6/34 75% 12/16 NS

See if a specific disease runs
in the family or is in DNA

84% 21/25 71% 12/17 NS 100% 34/34 94% 15/16 NS

Learn about genetic makeup
without going through a
physician

24% 6/25 24% 4/17 NS 27% 9/34 31% 5/16 NS

Inform family members about
health risks

44% 11/25 18% 3/17 P � 0.072 80% 27/34 56% 9/16 P � 0.088

Understand what a patient
may learn/experience

64% 16/25 71% 12/17 NS — — — —

Help understand principles of
human genetics

40% 10/25 29% 5/17 NS — — — —

Right to know about genetic
makeup if a service is
available

— — — — 59% 20/34 56% 9/16 NS

If no (respondents asked to
check all that apply)

Results are not reliable 16% 3/19 50% 7/14 P � 0.042

Results are not accurate — — — — 33% 2/6 41% 7/17 NS

Results are not predictive — — — — 83% 5/6 47% 8/17 NS

Concern about privacy/risks to
privacy

58% 11/19 57% 8/14 NS 50% 3/6 41% 7/17 NS

Information will not be
medically useful/will not
change medical decisions

11% 2/19 43% 6/14 P � 0.042 33% 2/6 12% 2/17 NS

Information will not help learn
human genetics

11% 2/19 43% 6/14 P � 0.042 — — — —

Unwanted information 52% 11/19 43% 6/14 NS 50% 3/6 41% 7/17 NS

Costs too much 42% 8/19 43% 6/14 NS 33% 2/6 24% 4/17 NS

P values indicate significant values between precourse and postcourse surveys using Fisher exact testing.
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course) or in agreement (45% precourse and 43% postcourse)
with the idea that the federal government should regulate PGT
companies.

Interest in undergoing PGT services
We found that 57% of respondents were interested in under-

going PGT services before the genetics course, and 55% were
interested after the course, which was not a significant differ-
ence. The modal response for what students would be willing to
pay for this service was $25; more than 75% selected price
options at $100 or less, and 16–20% stated “none.” Respon-
dents were slightly more willing to pay for services on the
second survey.

Reasons for desiring to undergo PGT services are listed in
Table 2. General curiosity was overwhelmingly the most fre-
quently chosen reason for being interested in undergoing PGT both
before (96%) and after the course (94%). Although respondents
were less interested in PGT services for learning whether a disease
ran in the family after taking the course (84% precourse and 71%
postcourse), they were more interested in understanding the pa-
tients’ experiences with PGT services (64% precourse and 71%
postcourse) and less interested in the idea that they would inform
their own family members about health risks (44% precourse and
18% postcourse; P � 0.072, NS).

Of those students who were not interested in undergoing
PGT services, the most frequently indicated reasons for not
being interested were concerns about privacy (58% precourse
and 57% postcourse) or receiving unwanted information (52%
precourse and 43% postcourse). There were statistically signif-
icant increases in those who were not interested in undergoing
genotyping because it was seen as unreliable (P � 0.042), it
would not be medically useful (P � 0.042), and it would not
help learn human genetics (P � 0.042).

Of note, there was a statistically significant decrease in
students who felt that “personal genomic testing is useful for
consumers” (84% precourse to 54% postcourse; P � 0.004),
and students were also less likely to feel that the information
was useful with regard to informing other family members
about health risks (80% precourse to 56% postcourse; P �
0.088, NS).

PGT services in the context of a course
Table 3 reviews the respondents’ views toward the offer of

PGT services in parallel with a human genetics course. A
majority of respondents (85% precourse and 77% postcourse)
felt that it was an opportunity to get a service that they would
not otherwise get if they had to pay full price. After the course,
fewer students felt that their own genetic testing results would

Table 3 If personal genome testing services were offered at a nominal fee as an optional part of this class so that I could
analyze my results anonymously in relationship to what I was learning with principles discussed generally in class

Question

Precourse survey %
agree/strongly agree

Postcourse survey %
agree/strongly agree

PPercentage N (of 39) Percentage N (of 31)

My own results would help me understand genetics
concepts better than someone else’s results.

67% 26 45% 14 P � 0.056

I would feel that I would be at a disadvantage to
my classmates if I did not undergo the testing.

28% 11 23% 7 NS

I would see this as an opportunity to get a service
that I would not ordinarily get if I had to pay full
price.

85% 33 77% 24 NS

I would be concerned that my professors would
know who took up the offer of testing and who
did not.

13% 5 13% 4 NS

I would be concerned that my classmates would
know who took up the offer of testing and who
did not.

15% 6 10% 3 NS

I would see this as an opportunity to get
information that would help me improve my
health.

77% 30 55% 17 P � 0.088

I would be concerned that I might get some results
that would be disturbing.

54% 21 55% 17 NS

I would only take up the offer of testing if I could
get genetic counseling before I sent my sample in.

23% agree (0%
strongly agree)

9 23% 7 NS

I would only take up the offer of testing if I could
get genetic counseling after I got my results
back.

41% 16 52% 16 NS

I would be concerned that people would find out
genetic or health information about me.

51% 20 52% 16 NS

aChi-square analysis values at P � 0.10 are provided due to small sample size. Other questions did not demonstrate significant differences between the precourse and
postcourse survey responses.
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help them understand genetic concepts better than someone
else’s results (67% precourse and 45% postcourse; P � 0.056)
or that it would provide information that would help improve
their own health (77% precourse to 55% postcourse; P � 0.088,
NS). Approximately half of the respondents both precourse and
postcourse had some concern that others would find out genetic
or health information about them, but fewer participants were
concerned that professors or classmates would find out who
took up the testing offer (13% both precourse and postcourse) or
that they would be at a disadvantage compared with classmates
(28% precourse and 23% postcourse). Respondents felt more
strongly about the availability of genetic counseling after re-
ceiving results (41% precourse and 52% postcourse) than before

undergoing testing (23% both precourse and postcourse), and
more than half of them, both precourse and postcourse, ac-
knowledged that they may receive results that were disturbing.

Responses to clinical scenarios
Tables 4 to 6 show the responses to clinical scenarios asking

students to interpret genotype results modified from those cur-
rently available via DTC personal genetic testing. (Each of these
three scenarios is fictional, but based on information an indi-
vidual may currently obtain from a DTC genetic testing com-
pany for complex adult conditions.) A minority initially selected
the correct interpretation in any of the three cases, although this
percentage did increase in all scenarios after the human genetics

Table 4 Responses to clinical scenario 1a

Question

Precourse survey Postcourse survey

PPercentage N Percentage N

Interpretation of results (increase in those answering correctly) P � 0.001

Patient is affected with breast cancer 0 0 0 0 NS

Patient has higher risk than average 17 6/35 46 12/26 NS

Patient has lower risk than average 31 11/35 15 4/26 NS

Patient is a carrier of breast cancer and may develop it 11 4/35 0 0 NS

Patient is a carrier of breast cancer but is unlikely to develop it 6 2/35 0 0 NS

Patient has no risk for breast cancer 0 0 0 0 NS

A different genetic test should be ordered 3 1/35 27 7/26 NS

A different clinical test should be ordered 0 0 4 1/26 NS

I have no idea what the results mean 31 11/35 8 2/26 NS

What issues impacted your understanding of the case?

Family history 47 16/34 69 18/26 (P � 0.07)

Study sizes 12 4/34 4 1/26 NS

Samples from the studies 12 4/34 8 2/26 NS

Odds ratios from the studies 27 9/34 15 4/26 NS

Penetrance of the condition 27 9/34 23 6/26 NS

Test results and interpretation by the company 35 12/34 19 5/26 NS

None of the above 9 3/34 8 2/26 NS

How would you counsel the patient?

Should have clinical screening for breast cancer 42 15/36 73 19/26 NS

Not at increased risk but should let family know they are a carrier
and others may be at risk

14 5/36 12 3/26 NS

Not at increased risk and no additional intervention needed 11 4/36 4 1/26 NS

I have no idea how to counsel the patient 33 12/36 12 3/26 NS

Best answers in bold.
aYou have a 37-year-old patient who has a family history of breast and ovarian cancer (her mother with bilateral breast cancer at the age of 45 years, her maternal aunt
with ovarian cancer at the age of 52 years, and her maternal grandmother with bilateral breast cancer at the age of 50 years). Because she did not want her insurance
company to discriminate against her, she underwent testing through a DTC genetic testing company. She wants you to help her understand her testing results so that she
can undergo any appropriate screening and/or prophylactic surgeries.
As epidemiologic background, 13% of the population develops breast cancer in their lifetime, and 5–10% of cases of breast cancer are estimated to be due to a genetic
predisposition. The three studies that addressed the SNPs listed below were published in 2007. They are all case-control studies that include between 1,600–18,290 cases
and 4,316–22,670 controls. The odds ratios ranged between 0.74 and 1.16, depending on the SNP and the study.
Your patient’s results are as follows, and the company interprets this combination of results as a 9% lifetime risk: TNRC9, ��; FGFR2, ��; Chr2.217614077, ��;
CASP8 ��; MAP3K1, ��; Chr8.128424800, ��; and LSP1, ��. Presume that � represents the low-risk allele and � represents the at-risk allele.
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course (Scenario 1: P � 0.001). Of note, approximately one-
third of all respondents selected “I have no idea what these
results mean” even on the postcourse survey, and they were
easily distracted by information that was not directly relevant to
the case interpretation.

DISCUSSION

Overall, our results suggest that courses on human genetics
that specifically teach concepts about genotyping can be effec-
tive at educating students about the limitations of DTC genom-
ics and can change beliefs about the utility of such test results,
even without providing genotyping results to individuals. In-
deed, students were more skeptical about the educational value
of actually getting genotyped after taking the course. However,
the course did not seem to change interest in actually receiving
genotyping results significantly, perhaps because interest
seemed largely motivated by a general sense of curiosity rather
than obtaining specific information believed to be clinically
useful.

General knowledge and attitudes about PGT services
Overall, before taking the course, students responded simi-

larly, in many ways, to the respondents of the survey of Face-
book users reported by McGuire et al.15 The demographics of
both groups were quite similar although our sample was slightly
younger on average (�30 years vs. 35 years) and virtually all
had at least a bachelor’s degree (or were in the process of
completing a premedical curriculum) when compared with
McGuire’s sample of Facebook users (39%). There was similar
interest in using personal genomics between the two groups
(57% in our precourse sample vs. 64% in the sample of Face-
book users) and similar reasons for using PGT services: general
curiosity (96% in our sample vs. 81% of the Facebook users), to
determine if a disease ran in the family (84% in our sample vs.
75% in McGuire’s study). However, there were similar propor-
tions of the two samples of those concerned about cost of PGT
services (42% in our sample vs. 40% in McGuire’s sample).

However, respondents to McGuire’s survey who were not
interested in PGT services were less concerned than our student
sample about the reliability of the results (21%), privacy (39%),

Table 5 Responses to clinical scenario 2a

Question

Precourse survey Postcourse survey

PPercentage N Percentage N

Interpretation of results

Patient is affected with hemochromatosis 0 0 0 0 NS

Patient has high risk for hemochromatosis 0 0 0 0 NS

Patient has low risk for hemochromatosis 18 6/34 0 0 NS

Patient is a carrier and may develop it 9 3/34 12 3/26 NS

Patient is a carrier but is unlikely to develop it 24 8/34 42 11/26 NS

Patient has no risk for hemochromatosis 6 2/34 8 2/26 NS

A different genetic test should be ordered 0 0 0 0 NS

A different clinical test should be ordered 0 0 4 1/26 NS

I have no idea what the results mean 44 15/34 35 9/26 NS

What issues impacted your understanding of the case?

Mode of inheritance 58 19/33 62 16/26 NS

Penetrance of the condition 27 9/33 50 13/26 (P � 0.064)

Test results and interpretation by the company 30 10/33 35 9/26 NS

None of the above 33 11/33 19 5/26 NS

How would you counsel the patient?

Should have clinical screening for hemochromatosis 9 3/34 27 7/26 NS

Not at increased risk but should let family know they are
a carrier and others may be at risk

21 7/34 42 11/26 NS

Not at increased risk and no additional intervention needed 21 7/34 8 2/26 NS

I have no idea how to counsel the patient 50 17/34 23 6/26 NS

Best answers in bold.
aYour patient comes to see you with the results from their genomic testing through a DTC genetic testing company. You see that they have undergone genetic testing
for hemochromatosis. Through your research on websites like OMIM you learn that hemochromatosis is a condition that is inherited in an autosomal recessive manner
with decreased penetrance (estimates vary from 1 to 10% depending on the specific mutation). You also learn that the treatments for hemochromatosis are regular
phlebotomy to reduce the chance for clinical complications due to iron overload.
The results are as follows: HFE-C282Y, ��; HFE-H63D, ��; and HFE-S65C, ��. Presume that � represents the low-risk allele and � represents the at-risk allele.
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utility of returned information (53%), or receipt of unwanted
information (21%). This difference might reflect a greater fa-
miliarity with genetics or biology among our student sample.

Our sample, largely composed of future physicians, was
much less confident of their own knowledge about genetics or
the ability of their future patients to understand results of PGT
services than respondents in McGuire’s survey, even before
taking the course. Nevertheless, the majority of students still
believed that physicians have a professional responsibility to
help patients interpret the results of PGT services, although
fewer agreed that they had such responsibility after the course.
This change may reflect an appreciation for the complexity of
the information and realization of how this may impact the
future role of physicians.

Our sample was far more skeptical than McGuire’s respon-
dents that customers are adequately informed by personal ge-
nome companies, but most felt that these companies should

provide customers with access to medical experts. The greater
concerns about PGT services in our sample, including worries
about reliability and utility of results, might have led to greater
awareness of potential shortcomings of information provided by
personal genome companies and greater desire for involvement
of medical experts.

Impact of a human genetics course
Completing a graduate level human genetics course clearly

had a significant effect on students’ views and understanding of
PGT services. Students spent a considerable number of course
hours covering SNP analysis and genotyping, which might have
increased understanding of the clinical and other limitations of
PGT services. After the course, students were much less likely
to agree that genotyping information of the type that is com-
mercially available would be useful to patients, consumers, or
physicians, and they were much less likely to feel that PGT

Table 6 Responses to clinical scenario 3a

Question

Precourse survey Postcourse survey

Percentage N Percentage N

Interpretation of results

Patient is affected with macular degeneration 3 1/34 0 0

Patient has higher risk than average 44 15/34 56 14/25

Patient has lower risk than average 0 0 0 0

Patient is a carrier and may develop it 6 2/34 8 2/25

Patient is a carrier but is unlikely to develop it 3 1/34 0 0

Patient has no risk for macular degeneration 0 0 0 0

A different genetic test should be offered 0 0 0 0

A different clinical test should be offered 0 0 0 0

I have no idea what the results mean 44 15/34 36 9/25

What issues impacted your understanding of the case (check all that apply)?

Family history 22 7/32 36 9/25

Study sizes 6 2/32 4 1/25

Samples from the studies 9 3/32 0 0

Odds ratios from the studies 16 5/32 0 0 (P � 0.048)

Penetrance of the condition 28 9/32 24 6/25

Test results and interpretation by the company 44 14/32 56 14/25

None of the above 35 11/32 28 7/25

How would you counsel the patient?

Should have clinical screening for macular degeneration 59 20/34 64 16/25

Not at increased risk but should let family know they are a carrier and
others may be at risk

0 0 4 1/25

Not at increased risk and no additional intervention needed 0 0 4 1/25

I have no idea how to counsel the patient 41 14/34 28 7/25

Best answers in bold.
aYour patient has a grandparent with macular degeneration. He is concerned about the chance he may develop it.
About 3% of the population develops macular degeneration, and you learn that about 66% of the risk for macular degeneration is due to a genetic predisposition. You
also learn that one of the studies that influenced available genetic testing included 4757 phenotyped subjects, but that not all of them had genetic testing results. You review
their genetic testing results and find the following: LOC387715-S69A, ��; CFH-intron, ��; CFB, ��; C2-E318D, ��; CFH-Y402H, ��; and C3-R80G, ��.
Presume that � represents the low-risk allele and � represents the at-risk allele.
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services provide reliable information. Nevertheless, even after
many hours of course work, students still had difficulty inter-
preting genotyping data in the context of clinical scenarios. In
two of three scenarios, less than half of the respondents gave the
answer(s) reflecting the best clinical interpretation(s) of the
genotyping results, even after taking the course. This difficulty
highlights the complexity of understanding the clinical impli-
cations of genotypes and suggests that additional and/or differ-
ent types of education are needed for adequate understanding of
application of genotyping data to a clinical context.

However, despite an increased understanding of the limita-
tions of PGT services, student interest in undergoing genotyping
did not significantly change. These results suggest that educa-
tion about human genetics significantly changes beliefs about
PGT services among a group of educated potential consumers
and clinicians-in-training, but that these changes do not alter
reported interest in being genotyped.

Limitations
The generalizability of our study is limited by the relatively

small sample size and lack of direct before-after comparison to
enhance anonymity. In addition, we do not know the extent to
which the presence of nonmedical students may have biased the
results (particularly because those students did not take the
Molecular Medicine course), and we are not able to assess how
many nonmedical students completed each survey. Finally, be-
cause this survey measure is not validated, it remains possible
that some of our findings are related to unclear wording or
confusion in the questions.

Implications for educational institutions
Our survey results suggest that medical schools and univer-

sities that are considering the addition of personal genotyping to
their educational programs should consider the issues of student
vulnerability, confidentiality, and availability of genetic coun-
seling postresults as part of any processes developed. Further-
more, given the difficulty in accurately responding to clinical
scenarios even after completing a medical genetics course sup-
ports the difficulty of providing sufficient information to stu-
dents to facilitate adequate interpretation of genotyping results.
Undergraduate students, especially those less familiar with bi-
ology, genetics, and medical principles, could be at a greater
disadvantage in understanding the benefits and limitations of
PGT services.

Given that a large proportion of our students did not feel that
genotyping would help in learning about human genetics and
that most were interested in genotyping on the basis of “curi-
osity,” the educational benefits of actually providing PGT ser-
vices should be rigorously evaluated, and studies are needed in
programs that do incorporate genotyping to determine what
influence, if any, there is on the learning process. Programs

should also consider whether having the school subsidize the
cost of genotyping the students too strongly encourages students
to be genotyped, because of the high cost of PGT services at this
time and the inability or unwillingness of students to pay for
such services on their own. Finally, educational institutions
should consider recently reported investigations of personal
genomics companies by the General Accounting Office and
hearings by the Food and Drug Administration and Congress
have questioned the reliability and clinical validity of such
services in deciding whether such services are appropriate to
offer in the absence of professional clinical guidance.16
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