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ABSTRACT

In recent years, individuals have become interested in what insights direct-to-consumer
genetic testing (DTCGT) can offer about their health. These individuals are
recommended to discuss their concerns with a healthcare professional, yet most primary
care professionals do not have a genetics-focused practice. This dissertation comprises
five chapters to describe the integration of DTCGT results into a patient visit. Chapter I
discusses the expanding demand between patients with questions about their DTCGT
results and the health professionals who have been tasked to interpret these results.
Chapter II is a systematic literature review that identifies what health professionals think
about results from non-clinical genetic testing companies and the reasons that they are
reluctant to discuss DTCGT results with patients. The literature leads to two main
barriers to acceptance of DTCGT: lack of genetic/genomic literacy and the doubtfulness
of clinical utility. Healthcare professionals are also concerned about legal and ethical
issues that have not been addressed with DTCGT. There may be more acceptance of
DTCGT in clinical practice if clinical professional societies or regulatory commissions
created guidelines to its use. Chapter III is composed of the results of a survey given to
osteopathic medical students that asks about their current knowledge, attitudes, and
perceptions of DTCGTs. The findings show that the students were uncomfortable with
the idea of discussing DTCGT results with patients due to their perceived lack of
knowledge of the subject matter. The majority of students were willing to learn more
about DTCGT and how it could be integrated into patient care. This sentiment mirrored
the literature on established healthcare professionals.

Chapter IV describes the creation of an online training module to prepare osteopathic



medical students for productive interactions with patients who have questions about their
DTCGT results. This module was built to bring awareness to common clinical scenarios
as well as give students applicable communication points using a virtual standardized
patient. As assessed through a pre and post-survey, not only did the module enhance
relevant vocabulary, but it also boosted confidence in handling patient interactions versus
immediately referring patients to a genetic counselor.

Chapter V is a consolidation of the findings from Chapters II-IV. The systematic
literature review and the online survey reveal that medical professionals with minimal
genetic/genomic education have some trepidation about discussing DTCGT results with
patients. The online training module shows that even a brief exercise can increase
student awareness of how DTCGT can impact a patient’s view on personal health goals.
All three components (the systematic review, the survey, and the module) show that

medical students are ready to learn how to integrate DTCGT results into clinical practice.



DEDICATION

This entire journey is dedicated to my three O1’ Birds: Essie Lou, Mary Lee, and Amanda
and to my three Little Birds: Angela, Lillian, and Savannah. I hope I have made you all

proud.




ACKNOWLEDGMENTS

I would first like to give a profound amount of appreciation to Dr. Linda Ward for
taking a jumbled ball of thoughts and organizing it into the Doctor of Healthcare Genetics
I am today.

I would like to thank the members of my dissertation committee, Dr. Kim A. Pickett, Dr.
Stephanie Davis, Dr. Doralyn Jones, and Dr. Sara Sarasua, for their constant
encouragement, inspiration, and guidance throughout my time in the Healthcare Genetics

Doctoral Program.

I thank the faculty, staff, and students. at Edward Via College of Osteopathic Medicine

for making all of this work possible.

I thank the National Human Genome Research Institute’s Inter-Society Coordinating
Committee for Practitioner Education in Genomics for bringing me in as a junior member

and allowing me to expand on their direct-to-consumer genetic testing work.

Last, but not least, I want to thank the two most important men in my life, my father, Joe
Nix, Sr. and my husband, Derrick Glenn. My father instilled in me the truth that I could
be whatever I set my mind to be; reach for the stars. My husband holds my hand while I

reach so I will not fall.



TABLE OF CONTENTS

Page
TITLE PAGE ..ottt ettt et e e et e st e e i
ABSTRACT ...ttt ettt et et e sttt e et e st e nateebeeenneen i
DEDICATION ..ottt ettt ettt et et e st e et e et e snbeenaeeenbeesnneens v
ACKNOWLEDGEMENTS ...ttt ettt ettt eene e \%
LIST OF TABLES ...ttt ettt et e viii
LIST OF FIGURES .......ooiiiiitiieee ettt ettt e viii

CHAPTER

L. INTRODUCTION ..ottt ettt ettt 1
Background ...........occiiiiiiiiiiii e 1
Overview Of Chapters..........coocuviiieriiiieeeniiee e 3
REfTENCES .....eeiiiiieiice e 5

IL. OBSTACLES TO INTEGRATION OF DIRECT-TO-CONSUMER GENETIC

I1I.

TEST RESULTS INTO PATIENT CARE.........ouvuieieiiieiieeeeeeeeeeeeeeeeaeaaens 7
ADSITACT ..ttt ettt e e e eeaaes 8
INtrOAUCION ...eve it 10
IMETNOAS .o 11
RESUILS ...ttt ettt 12
CONCIUSION ..oovviiiieieeeeeeeeeee et 18
RETEIEIICES ...uvieeiiiiieeee et 20

OSTEOPATHIC MEDICAL STUDENTS’ ATTITUDES ABOUT THE
CLINICAL APPLICATION OF DIRECT-TO-CONSUMER GENETIC TEST

L D] 6 50 T 23
ADSITACT ..ttt eeeeaaan 24
INtrOAUCION ...evie it 26
METNOAS .o 27
RESUILS ..ottt 28
DISCUSSION vttt e ettt e e ettt e e e et e e es b eas 32



CONCIUSION ..ttt e 33
RETETEINCES ..o 35

TABLE OF CONTENTS (continued)

Page
IV. NAVIGATING DIRECT-TO-CONSUMER GENETIC TESTING: AN
INTERACTIVE MODULE ON HOW TO APPROACH PATIENTS’

QUESTIONS AND CONCERNS ...ttt 51
ADSIIACT c. et et e e e e aees 52
TNErOAUCTION .. e 54
IMELROAS .t 55
RESUILS e 58
DISCUSSION ..ttt ettt e e et e e e e e e e eaens 60
CONCIUSION ..ttt e e e 61
RETETEINCES ... oo 62
V. CONCLUSTON ..t 77
RETETEINCES ..o e 84
APPENDICES ..o e e e e e e e
A: Osteopathic Medical Student Attitudes Survey Questions ...........cccceeevueeenee. 37
B: IRB Documents for Attitude SUIrvey........cccceeeviiiiiieiiiiiieeeiiiee e 44
C: Interactive Module Survey QUESIONS.........ccvuiieeerriiiieeniiiieeeeiiieeeeiieee e 65
D: Website Link to Interactive MoOdULE ........eeiiemeeeieieee e 69
E: IRB Documents for Interactive Module Study..........ccceeeeriiiiiiiniiiiiieiiieeeens 70

Vii



Table

2.1

3.1
3.2
3.3
3.4
3.5
4.1

LIST OF TABLES

Article Search and Selection Process ..........ooevuviiieiiiiiieeeiiiee e 12
LIST OF FIGURES
Descriptive Information on Participants ...........ccceeceeeriieiniieeniieenieenieee 28
Perception of Current Knowledge ..........ccvevieiiiiiiiiiiiiiieeiiee e 29
Performance EXPectanCy...........cooiiuiiiiiiiiiiiieeiiiiiee ettt 30
Perceived ULIIILY ....coeeeiiiiieeiiiee et 31
Educational INterestS........cceeiuiiiiiiiiiiieeeiiiee ettt e e e e eiaaeee e 32
Automatic Referral to a Genetic Counselor............ooeeeviiieeriiiiiieeniiiiee e 58

viii



CHAPTER ONE
INTRODUCTION
Background
Our story begins in 1996 when University Diagnostics in the United Kingdom first offered mail-order
genetic testing services. In the United States, the Genetics and IVF Institute launched newspaper ads
offering breast cancer testing in the United States.! These events marked the birth of a new chapter in
what would be known as personalized medicine.
With the 21st century, new marketing techniques were introduced to expand the availability of these
genetic testing services. Sciona, a nutrigenics company in the United Kingdom, started using their
website to advertise and sell their genetic testing services in 2001.'? By 2003, the human genome
had been sequenced * and became a boon to more in-depth and varied medical research.* This
research involved the identification of variations in a nucleotide at a specific position in the DNA
sequence. These variations are known as single nucleotide polymorphisms (SNPs). When groups of
these SNPs are inherited together or have a specific combination on the same chromosome, that is
known as a haplotype. These haplotypes can be used to trace ancestry or map current and future
health issues. The HapMap, a database of common haplotypes, was released to the public domain in
2004 and bolstered genome-wide association studies (GWAS).> GWAS studies have identified over
5000 diseases and traits since 2005,* but more samples are needed to refine the collected
information.
That is where direct-to-consumer genetic tests (DTCGT) come into the picture. In 2007, companies
like 23andMe, Navigenics, and Ancestry began marketing to the average person, piquing their
curiosities about their genetic health history or familial connections. However, in 2010, the US

Government Accountability office released a report that many of these DTCGT companies were



giving their customers unproven disease predictions by not testing for all genetic variants of certain
diseases. This prompted the Food and Drug Administration (FDA) to demand that all DTCGT
companies either stop testing or work with them to create guidelines and approved testing products.?
The companies that worked to get their disease prediction tests approved by the FDA were allowed to
advertise those tests to customers again. By 2017, 23andMe was the highest selling item on the
Friday after Thanksgiving, known as Black Friday, in the United States.” This is the busiest day of
the holiday shopping season and demonstrated that there was a huge public interest for personal
genomic testing. The DTCGT companies all had websites that gave basic explanations about what
each SNP variant meant, but for further explanation they advised seeing a personal healthcare
professional.® This practice was done without taking into consideration that most general practitioners
are non-genetic professionals and may not be prepared to discuss DTCGT results with a patient.’

A 2016 study of 1026 DTCGT consumers showed that although 63% planned to share their results
with a physician, only 27% did. Of those who did, 18% were not satisfied with their interaction.
Some of the reasons for dissatisfaction were lack of knowledge, lack of interest, and skepticism from
the primary care provider. Those who had a better experience sharing their test results noted their
provider’s ability to relate the results to the consumer’s personalized care and inclusion of the results
in medical records.'® Many of these physicians started practicing well before the mapping of the
genome and have done well without having to learn about or discuss DTCGT in depth therefore it is
critical to promote education on the use of DTCGT for all providers and to begin early in the
academic career. Therefore, this dissertation research was undertaken to address three primary aims
—review of what is known about clinician knowledge and attitudes toward DTCGT, assessment of
medical student knowledge, attitudes, and perception of the clinical utility of DTCGT, and the
development of a training module that will reduce the barriers to communication between patient and

provider.



Overview of Chapters
This dissertation contains five chapters describing the steps to creating an educational training
module that will promote the facilitation of communication between DTCGT consumers and their
healthcare professionals. Chapters II, and III are manuscripts that describe the knowledge, attitudes,
and perceptions of practitioners and current medical students about the use of DTCGT results in
clinical care. Chapter IV is the evaluation of a training module that integrates patients’ DTCGT
results questions into clinical care. Chapter V provides a summary of all findings and provides
recommendations.
Chapter II, “Obstacles to Integration of Direct-to-Consumer Genetic Test Results Into Patient Care,”
aimed to uncover concerns that healthcare providers reported with integrating DTCGT results in
clinical care. This was done through a systematic literature review that analyzed the statements given
by current healthcare professionals who are concerned with the prospect of dealing with unsolicited
genetic test results. The information found in this review is integral in seeing not only the gaps in
genetic education within the medical community, but also gaps in communication that may arise
between patient and provider.
Chapter 111, “Osteopathic Medical Students’ Attitudes About the Clinical Application of Direct-to-
Consumer Genetic Test Results,” focused on the gaps in current graduate medical education. Medical
students at Edward Via College of Osteopathic Medicine were given a 15-question online survey
about basic genetic terminology, performance expectations, and the perceived clinical utility of
DTCGT results.
Chapter IV, “Navigating Direct-to-Consumer Genetic Testing: How to Approach Patients’ Questions
and Concerns,” assessed the efficacy of an online module created to train medical students how to
handle DTCGT discussions with a patient. Medical students at Edward Via College of Osteopathic

Medicine were given a link to a 4-question online pre and post-module survey, an online training
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module, and took part in a focus group discussion. The results of this training and discussion will be
useful in creating a more thorough module that can be used among many different medical
professionals.

Chapter V compiles all of the findings from Chapters II-IV and presents the implications for future
research. This chapter also acknowledges the limitations found in the literature as well as the
research of this dissertation. Chapter V also discusses the future of DTCGT in light of ethical issues,
recent news stories, and how these two issues may change how DTCGT is perceived in the medical

field.
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ABSTRACT
Purpose

Direct-to-consumer genetic testing (DTCGT) companies have FDA approval to provide risk
predictions of certain disease variants as long as they advise their consumers to discuss any concerns
about their results with their healthcare provider. As a result, concerned consumers/patients present
providers with unsolicited genetic test results that may lack clinical relevancy. This review aimed to

uncover concerns that healthcare providers reported with integrating DTCGT results in clinical care.
Method

Five researchers searched three databases (MEDLINE, Web of Science, and CINAHL) for articles
written in English between January 2009 to April 2019. Search terms included the topics of primary
care provider and direct-to-consumer genetic tests. Three researchers screened articles for the
inclusion criteria and the remaining two researchers performed data extraction. Researchers also
identified additional articles from the reference list using a snowball approach. The team completed a

thematic analysis using an iterative process.
Results

The reviewers identified four main concerns providers report about integrating DTCGT results into
clinical practice. Providers felt that they did not have sufficient genomic literacy to effectively
discuss findings with patients. They were unsure of the clinical utility of the test results. They were
concerned about legal and ethical issues, for example, regarding upholding patient confidentiality.
Without available guidelines from a governing body, providers were unsure if they should be

managing genetic information instead of a genetic counselor or geneticist.



Conclusion

This study represents a gap analysis with implications for health professional education within a
growing medical genetic landscape. As we move toward more genomics-informed care, training on
how to clinically use DTCGT results must be included in academic and continuing medical

education.



INTRODUCTION

In 2017, one of Amazon’s top five Black Friday sales items was the 23andMe ancestry and health test
kit.! The high public interest in this item was likely attributed to the fact that in April of that year, the
FDA approved an application filed by 23andMe to add genetic risk testing for specific variants
associated with ten conditions (including Parkinson’s Disease and late-onset Alzheimer’s Disease).
This approval added to a panel of carrier tests for more than forty conditions already being tested.>
While many customers have used direct-to-consumer genomic testing (DTCGT) for genealogy, more
individuals have become interested in information DTCGT can offer about their health. For example,
23andMe currently provides risk reports for hereditary colorectal cancer and genetic variants
associated with medication metabolism.> Smaller, more niche DTCGT kits have also appeared on the
market. For example, consumers can purchase DNA testing to identify nutritional-related variants for
weight loss purposes or variants associated with food sensitivities. Even though the slowed economy
since the COVID-19 pandemic has limited the growth of DTCGT sales, companies are maintaining
the interest of their substantial customer base by expanding reports to test more genes.* Each genetic
testing company has a prominently-displayed disclaimer advising customers to seek the advice of a
health provider if they have questions regarding a medical condition presented in the test results.
These recommendations present a new problem for primary care providers (PCPs), who may be
challenged to interpret and manage unsolicited medical test results while considering the clinical
utility of what many still believe to be a novelty item.

This systematic review aims to describe providers’ knowledge and attitudes about the use of DTCGT
results in their practice, their perceived benefits and/or limitations in interacting with patients about
test results, and the possibilities of patients and providers uniting to use DTCGT results to create a

personalized health plan.
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Theoretical Framework

The possible adoption of DTCGT results for clinical use is rooted in provider acceptance of this novel
innovation. Over the years, several theoretical frameworks have been created to guide the integration,
acceptance, and use of technical innovations. In 2003, John Venkatesh introduced the Unified Theory
of Acceptance and Use of Technology, or UTAUT, to explain factors that promote or hinder the
adoption of information technology in the workplace. UTAUT is now used as a framework to
determine the probability of the acceptance of new technology in classroom and clinical settings.
Venkatesh describes the process put in place to facilitate the integration of new technology as a
system. His model comprises four primary constructs that influence behavioral intention (a person’s
intent to adopt a technology) and use behavior (whether a person adopts the technology). The first
construct is performance expectancy, which describes the degree to which the provider believes that
using the system will help improve job performance. Effort expectancy is the degree of ease
associated with use of the system. Social influence pertains to the degree to which a provider
perceives that important others (e.g., supervisors) believe the individual should use the new system.
Lastly, facilitating conditions influence the degree to which the provider believes that an
organizational and technical infrastructure exists to support the system's use. Venkatesh and his
colleagues later modified UTAUT when they concluded that gender, age, experience, and

voluntariness of use influence the initial four constructs.’

METHODS

For this review, three reviewers (L.C., C.C., and L.S.) searched Medline, Web of Science, and
CINAHL using the following keywords in text and MESH terms: primary care provider, family
doctor, family practitioner, internist, healthcare provider, nurse, nurse practitioner, and personalized
genomic testing, personalized genetic testing, direct-to-consumer genetic testing, and genetic testing.

Reviewers limited the search to English-language articles published between January 2009 and April
11



2019. Articles pertaining to genetic counselors, specific genetic tests, or provider-initiated testing
were excluded, culminating in 949 articles. All reviewers met to compile initial findings and delete
duplicates between the three databases and create a spreadsheet of articles for full-text review. L.C.,
C.C., and L.S. performed full-text reviews of the 46 remaining articles, excluding those about
advertising, adolescents, and one article that had never been published. L.G.C. and K.G. extracted
data for each of the remaining 31 articles, based on study purpose, method/sample size, and
outcomes, leaving 19 total articles that addressed PCP and patient insights on DTCGT. In January
2021, 6 additional articles were identified by doing a reference/cited-by search (snowball search),

producing a total of 25 articles used in this review.

Web of Science Medline
J08-2009 20NE-200149
A8 Citationis) 75 Citatsonis )

90 Non-Duplicaie

Citations Screencd

Inclusion/Exclusion 38 Anicles Excluded
Criteria Applied Afier Title/Absiract Screen

—

Y
52 Anicles Retrieved

9

Inclusien/Exclusion
Criteria Applied

—_—

28 Anticles Excluded ‘ Articles Excluded

After Full Text Screen

During Data Extraction

i 4

25 Articles Included
|

Table 2.1 Article search and selection process
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RESULTS

The results of this search reveal providers’ apprehensions regarding patient-provided DTCGT results.
Four main concerns were identified and represent barriers to the integration of DTCGT results in
clinical practice. These barriers are providers’ limited knowledge of genetics/genomics, uncertainty
about the clinical utility of test results, concerns about legal and ethical issues, and the lack of a single

comprehensive set of guidelines put forth by a regulatory agency.
Knowledge

Because of the recommendations provided by genomic testing companies, PCPs are aware that
interpretation and discussion of DTCGT results may become their responsibility.® Providers are even
optimistic about the clinical utility of DTCGT, with most PCPs agreeing that test results could
become clinically useful in the next 5-10 years.” However, with acceptance comes trepidation.
Barriers to providers’ acceptance of DTCGT as a clinical tool represent two general roadblocks:

general knowledge and perceived clinical utility.

The first roadblock relates to providers’ concerns about their own knowledge; specifically, gaps in
their general genetic/genomic literacy, uncertainty about the validity of available DTC tests, and

difficulty finding resources about how to use DTCGT results to inform clinical care.

Established providers expressed a more significant lack of genetic/genomic literacy than their
younger counterparts.®’ This gap may reflect the fact that newer providers are more likely to have
learned about precision medicine during their formal education and to have opportunities for
exposure to genetic/genomic research. A survey of PCPs in the United States found that 55% of
respondents felt confident in interpreting results on DTCGT reports. Still, only 22% thought they had
enough training to discuss findings with a patient or make clinical recommendations based on test

results.!®

PCPs are aware of some of the better-known genomic testing companies such as 23andMe,

13



Navigenics (now Thermo Fisher Scientific), and the now-defunct AncestryHealth, but the number of
personal genomic testing companies has increased and more disease-specific test panels are being
offered. PCPs have voiced concerns about whether the labs are certified and whether the test results
are accurate.!' The most common request by PCPs regarding DTCGT is that the testing companies

provide evidence-based guidelines to manage the risks identified by the test.®

Providers also voiced concerns regarding where to find support in clinical decision-making in the
face of possibly adverse test results. As stated earlier, many providers feel confident in interpreting
results but not discussing results with a patient. Only a few companies, like 23andMe, provide a
dedicated website just for PCPs to access education on gene variants and pharmacogenomic
relevancies. Physicians who participated in Carroll et al.’s 2016 study'” stated that it would be
beneficial to be able to consult with on-call genetic professionals, either in their healthcare system or
at a local genetics center. PCPs may be accustomed to contacting an oncologist to request a
consultation about cancer genetics but having someone specialized in genomics and precision
medicine would be of more significant benefit.'” Healthcare providers in a 2019 survey stated that
they preferred training and information directly from the DTCGT provider (Navigenics) and their
staff of genetic counselors, admitting “We (physicians) cannot keep track of the basic science - that

explosion is occurring logarithmically.”'?

Healthcare professionals have pledged to be lifelong learners, and DTCGT and precision medicine
provide a prime opportunity. Many PCPs are eager to learn more about DTCGT and how to integrate
results into practice.'® Providers have noted that they prefer to obtain this knowledge through journal
articles, informational sessions during professional meetings, and credible websites.'* In a survey of
physicians in the Kaiser-Permanente network, over half of the 1415 respondents were willing to
spend 2-4 hours per year learning about various genetic/genomic tests and how to integrate them into

their practice."
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The second roadblock to integrating DTCGT into patient care is the perception of clinical utility. A
marketing point of companies such as 23&Me is to provide “fun fact” genetics like mosquito bite
frequency and earlobe type that are useless in a clinical setting. PCPs realize that those same
companies target their clinical testing toward chronic diseases with lifestyle implications (cancer,
diabetes, heart disease) and view those types of tests as an advantage in managing patient care.'
Providers who have viewed the complex disease reports of their patient’s results find them
understandable,® but most providers question whether the results provide actionable information that
they can translate into patient care. For example, 23andMe currently tests for only three of the >1,000
known cancer-causing BRCA variants, leaving many patients in the dark about their actual risk. If
companies tested more comprehensive ranges of variants, test results could prompt earlier screenings
such as mammograms, colonoscopies, or EKGs. Another serious limitation is that DTCGC
companies currently do not link risk predictions with evidence-based guidelines provided by

established medical organizations t to reduce or alleviate risks.'*

Time is a factor in determining the clinical utility of any item. Given significant time constraints
requiring PCPs to consult with a specified number of patients in a finite number of hours, providers
express concern that there is insufficient time to thoroughly review and explain DTCGT results
during a routine office visit.!>!¢ Pharmacogenomic DTCGTs may be a type of time-saving test. For
example, in a study of 502 physicians, most reported starting a patient on Warfarin yet 89% never
ordered a pharmacogenetic test to determine optimal dosing.® If a patient’s DTC pharmacogenomic
test results were uploaded into their electronic medical record, providers could access that
information in time to inform initial prescribing decisions. That might eliminate having to re-dose

because of adverse reactions and save time in the long run.

Any achievement of clinical utility is wholly dependent on the interaction between patient and
provider. Even though DTCGT companies suggest their customers share concerns and questions with

their PCP, many customers do not feel the need to do so. In a 2016 study of 1,026 DTCGT
15



customers, 65% did not share results with a PCP. The most common reason for not sharing (reported
by 42% of participants) was that they felt their results were not important enough to bring up. Study
participants who did present their results to their PCP reported varied experiences. When asked about
the interaction with their provider, 32% reported having a satisfactory discussion, 22% reported a
lack of engagement from their provider, and 15% felt that their provider lacked knowledge and thus

refused to engage in conversation or even acknowledge the test results.!”

Patient-focused research brings to light issues of communication between patient and provider.
Patients with DTCGT results may be prepared and ready to partner with their PCP to create a
healthcare plan that is informed by genetic information, but such partnering requires providers to be
receptive of the information.* In a survey of 1,404 family physicians, 58% felt that DTCGT results
would more than likely harm a patient’s general health decisions.* According to Dinulos and Vallee,
harm can be avoided by taking the first step: to “explain DTCGT in language that the patient can
understand”.'® That explanation should include letting a patient know that the results may not be fully
accurate and that all genetic variants associated with a disease may not have been tested. Therefore, a
family history also must be taken, and concerning test results must be confirmed by a clinical

diagnostic laboratory.'%-%°

Legal and ethical issues

The Osteopathic Oath, Hippocratic Oath, and pledges taken by other PCPs all set in place the ideals
of helping and not harming patients; however, four other duties also bind primary care providers:
duty to inform, duty to treat, duty to follow up, and duty to protect patient confidentiality.?! One issue
that PCPs report is that DTCGT may muddy the waters regarding where their duties begin and end.
Usually, a provider will order a genetic test for a particular reason, typically after a thorough
explanation to the patient of possible outcomes and avenues of treatment. DTCGT removes those
steps, leaving the provider to interpret unsolicited results for a test that may have been ordered

without a compelling indication.” Suppose the testing company’s results cannot provide the same
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level of validity that the provider’s clinical lab could provide. To what extent Is the provider

obligated to discuss the results with the patient?>>

The provider’s duty to inform becomes complex in the face of DTCGT. Companies provide results
for selected genetic variants associated with a disease. For example, 23andme tests for only one of the
three variants strongly associated with Alzheimer’s disease. For a patient who tests negative for that
variant, providers may find themselves choosing whether to bring up the possibility of another variant
that may be more relevant given a patient’s family history. At that point, a provider may choose to
order further testing. If a provider decides to inform their patient about the meaning of DTCGT
results, they are obliged to make decisions about treatment and follow up. If a provider does not, or

cannot, inform, they may not be honoring their duty to treat and follow up.°

A provider is unable to perform the duty to protect patient confidentiality when it comes to DTCGT if
the patient has opted into medical or genome-wide association study (GWAS) research. At this point,
the doctor/patient confidentiality agreement affords no protection against privacy breaches involving

information held by genetic testing companies or entities with whom they may share data.
Practice recommendations

Looking back to Venkatesh et al.’s Unified Theory of Acceptance and Use of Technology, the social
influence of important others plays a part in a provider’s choice to integrate DTCGT into clinical
care.” The American Society for Human Genetics has called for the education of providers as well as
the standardized certification of all DTCGT laboratories.”> CLIA certification has been the standard
to assure clinical accuracy in most US labs, but clinically accurate does not equal clinically
meaningful.?* To facilitate clinical relevancy, the American College of Medical Genetics and
Genomics has recommended minimum requirements for testing protocols. Testing results should be
communicated by the laboratory in a readily understandable format and scientific evidence for each
gene tested must be provided.”* These recommendations help form the base of an organizational and

technical infrastructure to support the clinical use of DTCGT results and decrease effort expectancy.
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Not all governing bodies support patient use of DTCGT without provider input. In South Africa, the
National Department of Health recommends that the consumer consult a genetic counselor, clinical
geneticist, or clinician beforehand in order to determine the appropriateness of the test and afterward
to interpret results.?® In 2009, Germany passed the Genetics Diagnostics Act, which requires the

initiation of any form of genetic testing to have physician involvement.??

The American College of
Obstetricians and Gynecologists (ACOG) stated in their 2021 committee opinion that “DTCGT
should be discouraged without appropriate counseling.” The ACOG further recommended that

patients presenting a DTCGT, such as for carrier status, be referred to a provider skilled in risk

assessment of these specific diseases and await confirmatory testing from a clinical laboratory.*
CONCLUSION

In the past decade, providers have seen DTCGT evolve from being just a fun introduction to genetics
for the everyday person to becoming a possible catalyst for individualized healthcare. Established
healthcare providers report a lack of genomic literacy when it comes to DTCGT and feel unprepared
to integrate DTCGT results into patient care. This gap in provider knowledge occurs in the face of
rapid advancement of genomic technologies. Luckily, these providers are willing to have genomic
training to keep up with a growing population of genomic-savvy patients. Medical education

regarding the clinical application of DTCGT must be implemented to quickly narrow this gap.

A common concern among providers has been about the clinical utility of these test results. Although
CLIA certification of DTCGT laboratories is the present standard for clinical validity, certification

does not assure that test results can be used in a meaningful manner during a patient visit.

Current medical opinion about DTCGT is varied but leaning toward capitalizing on patient curiosity
and concern about disease risks to prompt? providers into following up with clinical testing.
Although studies have explored the use of DTCGT from both patient and provider viewpoints, the
literature on this subject is incomplete. More data is needed on the outcomes of patient/provider

collaborations and the incorporation of DTCGT test results into patient electronic health records.
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ABSTRACT
Background
As personal genomics testing becomes more widespread, primary care providers have been tasked
with the responsibility of handling patients’ questions and concerns about direct-to-consumer genetic
test (DTCGT) results. Literature shows that physicians who were not exposed to genetic/genomic
training in medical school are less apt to find clinical utility in DTCGT results.
Objective
The authors sought to gauge the knowledge of and attitudes toward DTCGT in a survey of
osteopathic medical students using a modified Unified Theory of Acceptance and Use of Technology
(UTAUT) model format.
Methods
Between January 17 and February 3, 2023, students enrolled at Edward Via College of Osteopathic
Medicine - Carolinas Campus were invited to participate in a 15-item online survey (Likert-type and
multiple-choice responses). Data were analyzed on student knowledge, performance expectations,
perceived clinical utility, and effort expectations in relation to possible patient interactions
concerning direct-to-consumer genetic test results.
Results
One hundred sixty-five students completed the survey. Most respondents (n=115; 69.7%) reported
feeling knowledgeable about basic genetic/genomic terminology; however, over half (n=86; 52.1%)
were uncomfortable with discussing direct-to-consumer test results with a patient. Students see the
clinical utility of the test results (n=144; 87.3%) and would like to further their education on how to

use results for patient benefit (n=151; 91.5%).
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Conclusion

Osteopathic medical students’ uneasiness with potentially discussing direct-to-consumer genetic test
results with patients has bolstered their curiosity to find ways to learn more about DTCGT. Inclusion
of additional training in communicating genetic information to patients is needed in medical

curricula.
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INTRODUCTION
In this burgeoning age of personalized medicine, patients expect all medical professionals to have
enough general genomic knowledge to answer their questions and correct misconceptions. This
expectation is especially true when patients have concerns about results from direct-to-consumer
genetic tests (DTCGT), which are being used more frequently. Medical professionals in non-genomic
related fields often need continuing education to stay abreast of the rapidly growing world of
genomic information and technology.'**
In a study of 382 physicians, Powell et al.*** found that physicians well-established in their practices
expressed a more significant lack of genetic/genomic literacy than their less experienced
counterparts. This may reflect the fact that less experienced and more recently trained physicians may
have had personalized medicine integrated into their medical education and more chances for
exposure to genetic/genomic research. However, that exposure mainly pertained to clinical genetic
testing rather than DTCGT. The American Academy of Family Physicians' medical genetics
curriculum guidelines state that residents must be able to “educate patients about the risks and
benefits with DTCGT,”? and yet little to no training is given on DTCGT despite the various
opportunities to incorporate it into the curriculum.®
In addition to genetic/genomic literacy, how medical professionals will accept the integration of
DTCGT into clinical practice is also in question. Previous studies of medical professionals and
students usually deal with the attitude toward physician-directed genomic testing,”®
yet the uncertainty of medical responsibility surrounding DTCGT needs further research.’
The aim of this study was to gauge the outlook of osteopathic medical students and their attitudes
toward using DTCGT results in the clinical setting. The authors also sought to identify any factors

contributing to student resistance to discussing DTCGT results with patients.
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METHODS
All students enrolled at Edward Via College of Osteopathic Medicine (VCOM) - Carolinas Campus
(N=652) were eligible to participate in this survey. Recruitment identified students in two phases of
training: osteopathic medical students in their first two years of didactic study (OMS-I & OMS-II)
and osteopathic medical students at clinical rotation sites (OMS-III & OMS-IV). A recruitment email
was sent to students through the campus-wide database. Of the 652 possible participants, 165 agreed
to participate.
The survey was a quantitative descriptive cross-sectional study consisting of 15 multiple-choice and
Likert scale questions. There were four demographic questions relating to year in the program,
number of genetic classes taken before enrolling into medical school, and if the student had taken a
DTCGT. There were six questions related to the perceived knowledge and utility of DTCGT (adapted
and modified from the works of Powell et al.).>* The remaining questions assessed performance
expectancy and effort expectancy based on the Unified Theory of Acceptance and Use of Technology
(UTAUT) model.'®'!" This theory explains how performance and effort expectations influence
behavioral intentions and, thus, the subsequent usage behaviors of an emergent technology. UTAUT
has been used in studies on how medical professionals adapted to integrating electronic medical
records systems into daily use and will best describe how medical students will approach DTCGT
education.'!
The authors of this study mapped items to the survey domains of perceived knowledge, perceived
utility, performance expectancy, and effort expectancy. The survey was pilot tested by a group of
healthcare professionals (i.e., a registered nurse, a physician assistant, and an osteopathic physician).
Survey questions were then revised for better alignment with the survey domains based on

feedback.
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The 15-question online survey (See Appendix A) was conducted via Qualtrics ® survey software
from January 17 until February 3, 2023, with reminders sent by email at seven and 14 days. Online
consent was obtained, participants were assured of confidentiality, and no personal identifiers were
collected.

Survey data were analyzed using Qualtrics XM ® for statistical analyses. Comparisons were made
between class designations (OMS I through IV), the number of genetic/genomic courses taken in
undergraduate school, and if the student had personally taken a DTC-GT, as well as participant
responses to questions of knowledge, utility, performance expectations, and effort expectations. Both
the Clemson University Institutional Review Board (IRB) and VCOM IRB provided approval

through an exempt review status (See Appendix B).

RESULTS
Of 652 eligible students, 165 (25.3%) completed the survey. A slight majority of the respondents
(n=89; 54.6%) were in their didactic years (years 1 and 2). Only 28 students (17%) had never taken a
genetic/genomic course before entering medical school (Table 3.1). In total, 34 (20.6%) students had

taken a DTCGT, with only five (3% of total students) discussing their results with a doctor.

Genetic/Genomic Courses Taken Before Medical School

25

20

mo
il

w2

W 3 or more

OMS| OMS I oms i OMS IV

Table 3.1. Descriptive Information on Participants in the Genetics Education Survey, 2023.
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Perceived Knowledge

Most students (n=115; 69.7%) felt somewhat knowledgeable about basic human genetics
terminology. More students ranked themselves as knowledgeable about the role of genetic factors in
health maintenance and disease prevention (n=125; 75.8%). Slightly over one-third of the students
(n=64; 38.8%) felt they were extremely knowledgeable about the difference between the clinical
diagnosis and the genetic predisposition of a disease. A total of 39 students (23.6%) stated that they
had minimal to no knowledge of the pharmacogenomic effects on drug metabolism despite
pharmacogenomics being a part of their first-semester medical school curriculum. When asked to
rank their knowledge about the risks and benefits associated with DTCGTs, 65 students (39.4%)

reported minimal to none (Table 3.2).

Perceived Knowledge

80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%

10.0% .
0.0%

| know nothin Minimal Somewhat Extremely
g Knowledge knowledgeable knowledgeable
H basic human genetics terminology 0.0% 3.7% 69.3% 27.0%
B the role of genetic factors in health 0.0% 43% 75.5% 20.2%

maintenance and disease prevention

u the difference between clinical diagnosis of
disease and identification of genetic 0.0% 7.4% 54.0% 38.7%
predisposition to disease

B pharmacogenomic effects on drug
metabolism

M risks and benefits associated with DTCGTs 10.4% 28.8% 50.9% 9.8%

0.6% 22.7% 63.8% 12.9%

Table 3.2. Perception of Current Knowledge of Participants in the Genetics Education Survey, 2023

Performance Expectancy

Venkatesh defines performance expectancy as the degree to which an individual believes that using
the system will help him or her attain gains in job performance.'® To assess individual performance
expectancy, the students were asked to rate how comfortable they would be performing certain

clinical tasks. Only half of the students (n=83; 50.3%) felt somewhat comfortable taking and
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interpreting a patient’s family genetic history, while (n=86; 52.1%) were uncomfortable discussing
DTCGT results with a patient. Explaining DTCGT risk assessments of disease also put students at
unease, with 91 (55.2%) reporting being uncomfortable with the task. Nearly half of the respondents
felt somewhat comfortable using information technology to obtain current and credible information
about genetics (n=81; 49.1%) and integrating genetic test results into patient management (n=84;
50.9%). When asked about the coordination of care and responsibility between a clinician and a
genetic counselor in certain circumstances, students often responded that responsibility belonged to

the genetic counselor or to both parties (Table 3.3).

Who holds the main responsibility for assisting a patient in the
following circumstances?

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%

30.0%
20.0% l .
10.0%

0.0%

primary care provider genetic counselor both
M Helping a patient interpret DTCGT results 6.1% 37.4% 56.4%
m Referring patients to additional resources
that will assist with issues related to a 33.1% 9.8% 57.1%
genetic disease
Performing a risk assessment for a couple
" gar i P 6.1% 48.5% 45.4%
having another child
M Building a pedigre_:e_ of a patient w_ho had 1.9% 20.4% 18.4%
results from a clinic-based genetic test
H Helping a fa_rm'\y understand_the purpose of 28.2% 11.7% 60.1%
a genetic test for a specific disease

Table 3.3. Performance Expectancy of Participants in the Genetics Education Survey, 2023

Perceived Utility

An overwhelming majority of students (n=144; 87.3%) reported seeing the clinical utility of DTCGT,
with most choosing reasons such as offering screening tests at an earlier age (n=132; 91.6%), to
individuals found to be at an increased risk (n=119; 82%), and/or recommending lifestyle changes

based on risk predictions (n=118; 81.9%; Table 3.4). The students who did not see the clinical utility
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did not trust the clinical certification of an unknown genetic testing facility (n=14; 67%), the lack of
formal guidelines to reduce or alleviate risks (n=13; 61.9%), or increased patient anxiety (n=13;
61.9%). Altogether, a little over one-fourth of the respondents (n=44; 26.6%) reported DTCGT
results from a patient would not influence how they would provide care. An even lower amount
(12.7%) stated that they found no clinical utility in DTCGT and did not want to learn more about it
because the companies “don't test for as many genetic variants and are riddled with disclaimers” or “I
don’t trust the clinical certification of an unknown genetic testing facility” which mirror the

sentiments of many clinicians.*

Clinical Benefits of DTCGT

||| I 1
- gl ERE IR R § sl =sEE n

Offering screeningOffering screening Selecting a Adjusting Recommending Changing the Making a Providing genetic
tests (e.g. EKG, tests (e.g. EKG, medicationto medication doses lifestyle changes  frequency of diagnosis testing in a more
mammograms,  mammograms, prescribe based on risk follow-up private,
colonoscopies) colonoscopies) at predictions appointments confidential

MORE an EARLIER AGE manner

FREQUENTLY to to individuals who
individuals who are found to be at

are found to be at  increased risk
increased risk

M Extremely useful W Slightly useful Very useful

Table 3.4. Perceived Utility of DTCGT among Participants in the Genetics Education Survey, 2023

Effort Expectancy

To gauge the effort expectancy, or the degree of ease associated with the use of the system, '
participants were asked if they would like to know more about DTCGT and which topics were of
interest. A total of 151 (91.5%) respondents reported that they would like to learn more, with 135
(89.4%) wanting to know how to interpret test results and 129 (85.4%) wanting to know where to

find credible information about the tests (Table 5). Of the 14 students who did not want to learn more
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about DTCGT, eight (57.1%) reported that they would learn more if it ever came up during a patient

visit, and four (28.6%) were not interested in the topic at all.

Topics of Interest

100.0%

90.0% B How to interpret the test results

80.0% -

B Where to find credible information about

70.0% - these tests and what the results mean

60.0% -
m Whether there are evidence-based risk

management guidelines for people at risk
for specific diseases

50.0% -

40.0% - H The various tests being offered

30.0% -

20.0% - B What resources are available for patients
who are thinking about pursuing DTC

10.0% - genetic testing

0.0% - m Support services offered by the companies

What would you like to learn about DTC genetic testing? Choose all that apply.

Table 3.5. Educational Interests Chosen by Participants in the Genetics Education Survey, 2023

DISCUSSION
In this survey encompassing 165 osteopathic medical students across their four years of training,
students reported feeling competent and eager to learn more about DTCGT and how to use it to
enhance clinical care. At VCOM, all students take a genetics course in the Fall semester of their first
year. This is similar to findings by Thurston et al.’s study of US and Canadian medical schools,'?
suggesting that our findings are applicable across medical school curricula and medical training
programs. In addition to the stand-alone genetics course required at the beginning of the first didactic
year, most respondents took at least one genetics course before attending VCOM. This may have
contributed to the amount of comfort reported in knowledge, the positive acceptance of clinical
utility, and the willingness to learn more about DTCGT. This eagerness to learn may also be rooted
in the need for clarity of performance expectancy. Students want to know if they are responsible for

handling a clinical genetic task or if it should fall to a genetic counselor.
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However, DTCGT may require more emphasis in current curricula for students to be proficient. A
study of 112 medical genetics course director respondents indicated that DTCGT was included in less
than 50% of allopathic and osteopathic medical schools in the United States and Canada in 2013-14."
The proportion of medical schools including instruction on DTCGT in recent years is unknown.
DTCGT is currently only mentioned in the VCOM genetics course as an avenue of personalized
genetic testing and not as a clinical tool like physician-directed genomic testing. Future research of
how DTCGT is taught in the current curriculum of medical schools is needed.

Results of this study indicate that student responses aligned with many of their peers in that a
majority feel somewhat knowledgeable about how pharmacogenomics relates to drug metabolism and
how its usage is beneficial in clinical care.® The US Food and Drug Administration (FDA) granted
23andMe approval for select pharmacogenomic testing in October 2018,'* so it may be likely that
additional research on how this topic will come up in patient visits will be needed.

Limitations and Future Implications

While the sample size of respondents was 165, this study was conducted with medical students based
at one campus. Replicating this study on a larger scale with additional healthcare clinicians (i.e.,
nurse practitioners and physician assistants) may yield stronger data and results.

An implication for practice is that in the absence of medically regulated guidelines for the use of
DTCGT in clinical practice, formalized training programs are needed. These programs should address
the common concerns/questions that may arise when discussing DTCGT results during routine office

visits and how to handle them.

CONCLUSION
The osteopathic medical students were comfortable with their genetic/genomic knowledge, yet their

confidence was lower when discussing genetic test results with patients. That lack of confidence
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appears to have bolstered a willingness to learn how to integrate patient-initiated genomic testing into
clinical care. Medical educators need to implement standardized educational interventions on
precision medicine, including interpretation of direct-to-consumer genetic testing, that capitalize on

the eagerness to learn to positively impact the care of patients and the comfort of clinicians.
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Appendix A

Osteopathic Medical Student Attitudes Survey Questions

What is your academic designation?

OMSI (1)
OMSI1I (2)
OMSIII (3)
OMS IV (4)

[ am not an enrolled student (5)

Skip To: End of Survey If What is your academic designation? = | am not an enrolled student

How many genetic/genomic courses did you take before entering medical school?
0 (1)
1(2)
2 (3)

3 or more (4)

Have you ever taken a direct-to-consumer genetic test (DTCGT)?

No (1)

Yes (2)

Skip To: Q2 If Have you ever taken a direct-to-consumer genetic test (DTCGT)? = No
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Did you discuss any of your DTCGT results with a doctor?

No (1)

Yes (2)

How would you rank your knowledge of...

knownotning  Mimimal - SOERRE e e
(1) Knowledge (2) 9 J

3) (4)
basic human
genetics
terminology (1)

the role of genetic
factors in health
maintenance and
disease
prevention (2)

the difference
between clinical
diagnosis of
disease and
identification of
genetic
predisposition to
disease (3)

pharmacogenomic
effects on drug
metabolism (4)

risks and benefits
associated with
DTCGTs (5)
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How comfortable are you...

Extremely
uncomfortable

(1)

taking and
interpreting a
patient's family
genetic history

(1)

discussing
DTCGT results
with a patient (3)

explaining
DTCGT risk
assessments of
diseases to a
patient (2)

using information
technology to
obtain current
and credible
information
about genetics
for oneself,
patients, and
colleagues (4)

incorporating
genetic test
results into
patient
management (5)

Somewhat
uncomfortable

()
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In your opinion, who holds the main responsibility for assisting a patient in the following
circumstances?

primary care provider

(1)

genetic counselor (2) both (3)

Helping a patient
interpret DTCGT
results (1)

Referring patients to
additional resources
that will assist with
issues related to a
genetic disease (2)

Performing a risk
assessment fora
couple having
another child (3)

Building a pedigree of
a patient who had
results from a clinic-
based genetic test (4)

Helping a family
understand the
purpose of a genetic
test for a specific
disease (5)

In general, do you think DTCGTs are currently clinically useful, meaning the information
DTCGTs contain could enhance your level of patient care?

YES (1)

NO (2)

Skip To: Q9 If In general, do you think DTCGTs are currently clinically useful, meaning the information
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In your opinion, how clinically useful is DTCGT?

Not at all useful Slightly useful Extremely useful
Very useful (3
1) @ v useful (3) @)

DTCGT s (1)

Which of the following do you see as a clinical benefit of DTC genetic testing? Choose all that
apply.

Offering screening tests (e.g. EKG, mammograms, colonoscopies) MORE
FREQUENTLY to individuals who are found to be at increased risk (1)

Offering screening tests (e.g. EKG, mammograms, colonoscopies) at an
EARLIER AGE to individuals who are found to be at increased risk (2)

Selecting a medication to prescribe (3)

Adjusting medication doses (4)

Recommending lifestyle changes based on risk predictions (5)
Changing the frequency of follow-up appointments (6)

Making a diagnosis (7)

Providing genetic testing in a more private, confidential manner (8)

Skip To: Q6 If Condition: Selected Count Is Greater Than or Equal to 1. Skip To: If a patient were to bring

their DTCG....
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Why do you feel DTCGTs are not clinically useful? Choose all that apply.

It is too difficult to interpret what the results mean regarding patient care (1)

| would not change a patient’'s management based on DTC testing (2)

It will cause more patient anxiety (3)

No guidelines exist to reduce or alleviate the risk for many diseases (4)

| don't trust the clinical certification of an unknown genetic testing facility. (6)

Other (5)

If a patient were to bring their DTCGT results to discuss potential health risks with you during an
office visit, how likely is it that those test results would influence how you care for that patient?

Extremely Somewhat Somewhat likely  Extremely likely
unlikely (1) unlikely (2) (3) 4)

Influence would
be (1)

Would you like to learn more about DTC genetic testing?

YES (1)
NO (2)

Skip To: Q10 If Would you like to learn more about DTC genetic testing? = NO
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What would you like to learn about DTC genetic testing? Choose all that apply.

The various tests being offered (1)

The different testing companies (2)

Support services offered by the companies (3)

How to interpret the test results (4)

Where to find credible information about these tests and what the
results mean (5)

Whether there are evidence-based risk management guidelines for
people at risk for specific diseases (6)

What resources are available for patients who are thinking about
pursuing DTC genetic testing (7)

Skip To: End of Survey If Condition: Selected Count Is Greater Than or Equal to 1. Skip To: End of

Why are you not interested in learning more? Choose all that apply.

| do not think that my patients will be asking about DTC genetic testing

| do not have time to learn more about DTC genetic testing (2)

| will learn more about DTC genetic testing if it comes up in a patient
visit (3)

| am not interested in DTC genetic testing (4)
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Appendix B

IRB Documents for Attitude Survey

Informed Consent

Information about Being in a Research Study
Clemson University

Osteopathic Medical Students’ Attitudes About the Clinical Application of

Direct-to-Consumer Genetic Test Results

KEY INFORMATION ABOUT THE RESEARCH STUDY

Kanesha Glenn, PhD(c), MS is inviting you to volunteer for a research study. Kanesha
Glenn is a graduate student at Clemson University conducting the study with Linda D.

Ward, PhD, APN, FNP-C in the Clemson University School of Nursing

Study Purpose: The purpose of this research is to examine Edward Via College of
Osteopathic Medicine students’ knowledge, attitude, and perception of the clinical use of

direct-to-consumer genetic testing.

Voluntary Consent: Participation is voluntary and you have the option not to

participate. Declining to participate will not affect your grade.

Activities and Procedures: Your part in the study will be to complete a survey about
your current genetic/genomic knowledge and perceptions about the clinical usage of
direct-to-consumer genetic testing.

Participation Time: It will take you about 5 minutes to complete this survey.

Risks and Discomforts: There are no known risks involved with participation in this

study.
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Possible Benefits: You may not benefit directly from taking part in this study, however
the researchers hope the results of this study can provide useful information for educators
working with future osteopathic medical students to create an effective learning tool for

medical education.

INCLUSION REQUIREMENTS: In order to participate in this study, you must be an
osteopathic medical student currently at Edward Via College of Osteopathic Medicine’s

Carolina Campus. If you are not an enrolled student, you are not eligible to participate in
this study.

PROTECTION OF PRIVACY AND CONFIDENTIALITY: The results of this study
may be published in scientific journals, professional publications, or educational
presentations, but all data will be presented in aggregate. All responses will be recorded
anonymously and the researchers will do all that they can to maintain privacy and
confidentiality. Responses will be collected via Qualtrics, which has been set to not
record any personal information from participants. Data will be stored in Qualtrics and in

a Google Drive folder only accessible to Linda Ward and Kanesha Glenn.

The information collected during the study could be used for future research studies or
distributed to another investigator for future research studies without additional informed
consent from the participants or legally authorized representative. No identifiable

information will be collected during the study or on the research study instruments.

CONTACT INFORMATION: If you have any questions or concerns about your rights
in this research study, please contact the Clemson University Office of Research
Compliance (ORC) at 864-656-0636 or irb@clemson.edu. The Clemson IRB will not be

able to answer some study-specific questions. However, you may contact the Clemson

IRB if the research staff cannot be reached or if you wish to speak with someone other

than the research staff.

If you have any study related questions or if any problems arise, please contact Kanesha
Glenn at 864-327-9857or kaneshn@g.clemson.edu.
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CONSENT: By participating in the study, you indicate that you have read the
information written above, been allowed to ask any questions, and you are voluntarily
choosing to take part in this research. You do not give up any legal rights by taking part

in this research study.
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Email Invitation to Participate in Survey

As a student enrolled at Edward Via College of Osteopathic Medicine, you have been
identified as a potential participant in a research study about direct-to-consumer genetic
testing.

This study is being conducted by Ms. Kanesha Glenn, a PhD candidate at Clemson
University and Instructor at Edward Via College of Osteopathic Medicine, and Dr. Linda
Ward, an Associate Professor at Clemson University. The purpose of the study is to
investigate OMS knowledge, attitude, and perceptions of the clinical use of direct-to-
consumer genetic testing. Data collection will occur using an online survey that should
take you approximately 5 minutes to complete. Eligibility to participate in this survey is
restricted to enrolled osteopathic medical students at Edward Via College of Osteopathic
Medicine’s Carolinas Campus. There are no rewards for participating in this survey, and
there are also no risks. The results of this survey will be used for future conference,
journal publications, and will be used to create an evidence-based learning tool for
medical education. No personally identifiable information will be collected.

To participate, please click on the link to the Qualtrics survey below, where you will find
additional information on consenting to participate and can complete the study. If you
have any questions about participating in this study, please contact Kanesha Glenn
(kaneshn@g.clemson.edu) or Linda Ward (ldward@clemson.edu). This survey will close

on Friday, February 3, 2022.
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IRB Approvals

@% RESEARCH

Research Complicnce

To: Linda D Ward
Re: Clemson IRB Number:  IRB2022-0587
Review Level: Exempt
Review Category: D2
Determination Date From: 09-Nov-2022
Determunation Date To:  30-Nov-2023
Funding Sponsor: N/A
Project Title: Osteopathic students’ attitudes about the clinical application of direct-to-consumer genetic test results

The Office of Research Compliance determined that the proposed activities invelving human participants meet the criteria for Exempt
level review umder 45 CFE. 46.104(d). The Exempt determuination is granted for the certification peniod indicated above.

Principal Investigator (PI) Responsibilities: The PI assumes the responsibilities for the protection of human subjects as outlined in
the Principal Investigator's Responsibilities guidance.

Non-Clemson Affiliated Collaborators: The Exempt determination only covers Clemson affihated personnel on the study. External
collaborators have to consult with their respective mstitution’s IRB office to determine what is required for their role on the project.
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approved protocol. Incidents may be reported through the [RB online submission system using the Reportable Incidents eform or by
contacting the IEB office.

Closing IRB Record: Submit a Progress Report to close the IRB record. An IRB record may be closed when all research activities
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International Research: Clemson’s approval 1s based on U.S. numan subjects protections regulations and Clemson University
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subjects research requirements that are specific to your research site with your local contacts, to comply with those requirements. and
to inform Clemson’s IRB office of those requirements. Review the FAQs for more information about international research.
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participants.

Institntional Review Board
Office of Research Compliance
Clemsen University

IRB Number: IEBOB000481
FWA Number: FIWAQ0004497

49



Institutional Review Board
Edward Via College of Osteopathic Medicine

Edward Via College of
Osteapathic Medicine
VIRGINIA = CARDLINAS
ALBURN = LOUISIANA

DATE: December 9, 2022

TO: Kanesha Glenn, M3, PhD(c)

FROM: Edward Via College of Osteopathic Medicine Institutional Review Board
PROJECT TITLE: [1987268-1] Osteopathic Medical Students’ Aftitudes About the Clinical

Application of Direct-to-Consumer Genefic Test Results
VCOM IRB RECORD #  2022-107
SUBMISSION TYPE: New Project

ACTION: DETERMINATION OF EXEMPT STATUS
APPROVAL DATE: December 9, 2022
REPORT DUE: December 9, 2024

REVIEW CATEGORY: Exemption category #2

Thank you for submitting your proposal to the Edwarnd Via College of Osteopathic Medicine Institutional
Review Board. The proposed research has been subject fo exempt review according to the specifications
authorized by 45CFR 46.101 and 21 CFR 56.110. The Edward Via College of Osteopathic Medicine
Institutional Review Board has deemed your project exempt.

As your protocol is exempt, there is no required continuing review date, however, the VCOM IRB requires
a bienmial Status Report to be submitted for review. Please use Form D for this procedure. Your next
Status Repeort must be received by the report due date of December 9, 2024. If the study concludes prior
to the date of the next Status Report, please report the study as closed using Form D.

Should your protocol change, you (as the PIl) are responsible for reporting proposed changes to the IRB
before their implementation. All modifications must be reviewed and approved by the IREB before they
may be enacted. Please use the appropriate Modification Request (Form G) for this procedure.

Please retain a copy of this correspondence with your records.

If you have any guestions, please contact W. Eryn Perry at epermy@vcom.edu. Please include your
project title and WCOM IRB Record # in all correspondence with this committee.

This letter has been issued in accordance with all applicable regulations, and a copy is retained within Edward Via College of
(Osteopathic Medicine Institutional Review Board's records.

50



CHAPTER FOUR

NAVIGATING DIRECT-TO-CONSUMER GENETIC TESTING: AN INTERACTIVE
MODULE ON HOW TO APPROACH PATIENTS’ QUESTIONS AND CONCERNS

Kanesha N. Glenn, MS, PhD(c)

Doctoral Candidate of Healthcare Genetics

Kim Anne Pickett, PhD, FNP-BC, BC-ADM

Assistant Professor, School of Nursing

Stephanie C. Davis, PhD, APRN, FNP-BC, FAAN

Professor, School of Nursing

Clemson University, College of Behavioral, Social, and Health Sciences

Corresponding Author:

Kanesha N. Glenn

350 Howard St. Spartanburg, SC 29303

(864) 327-9857 kaneshn@g.clemson.edu

51


mailto:kaneshn@g.clemson.edu

ABSTRACT
Background
Direct-to-consumer genetic testing has become a common method for the average person to learn
more about their personal genetic make-up. The testing companies that offer these genetic tests
ask their customers to discuss any concerns about their results with their personal physician, but
these physicians are not usually genetic professionals and may have less than minimal genetic
training about direct-to-consumer genetic testing. Currently, medical students receive basic
genetic training in their didactic years. This training includes how to initiate clinical genetic
testing, but students may not receive training on how to advise patients on the results of direct-
to-consumer genetic testing.
Objective
This project has two purposes. First, to assess the effectiveness of an interactive module on
medical students’ knowledge. Two, to assess the adeptness of medical students to manage
clinical scenarios involving direct-to-consumer genetic test results.
Methods
This pilot study was conducted on November 14th and 16th, 2024 at Edward Via College of
Osteopathic Medicine - Carolinas Campus. First and second-year students were given an online
pre-survey consisting of one knowledge-based question about genomic vocabulary and three
patient scenarios. The scenarios assessed the students’ choices about giving clinical advice to a
patient with specific genetic questions. Next, students followed a link to a short training module
that covered the pros and cons of direct-to-consumer genetic testing, pertinent vocabulary, and
interactive patient scenarios. Then, the students were routed to an online post-survey given to

evaluate changes in knowledge and assess how the students chose to handle the patient
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interactions. The study finalized with a focus group discussion about the module and its
effectiveness.

Results

Out of the 327 students invited, 17 (5%) chose to participate. Each of those 17 students was
given three patient scenarios to evaluate. Before completing the training module, 11 out of 51
(22%) total responses indicated a referral to a genetic counselor would be necessary. After the
educational module, the referral responses decreased to 1 out of 51 (2%) total responses. Each
student was also given 5 genetic vocabulary words to match to the correct definition. Genetic
vocabulary knowledge improved from 69 of 85 (81%) total answers to 81 out of 85 (95.3%) total
answers. In the focus group, students provided positive feedback regarding the usefulness of the
modules and expressed interest in future topics.

Future Implications Conclusion

This interactive module can be an effective way to increase students’ knowledge and
understanding of how to navigate clinical situations involving direct-to-consumer genetic test

results and can be used to train other health professionals on pertinent patient related topics.
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INTRODUCTION

As clinical genomic technologies create a clearer path to precision medicine, medical educators
are challenged to narrow the informational learning gaps between bench and bedside.! With the
introduction of direct-to-consumer genetic testing, medical educators now have to bridge a gap
between patient and provider. A 2015 study of medical school genetic course directors in the
United States (US) and Canada found that when genetics courses are taught in medical school,
the most common teaching method is a lecture-based course in the first year of the curriculum,
with integration into additional courses such as biochemistry or nutrition.? In cases where
genomics training is not integrated into medical school curriculum, students may lack time and
resources to obtain training due to competing priorities. This project has two purposes. First, to
assess the effectiveness of an interactive module on medical students’ knowledge. Second, to
assess the adeptness of the students in handling clinical scenarios involving direct-to-consumer
genetic test results.

Background

In parallel with the rapidly evolving sector of genomics and personalized medicine, direct-to-
consumer genetic testing (DTCGT) has also expanded over the last several years. In 1996,
genetic testing for limited purposes was first marketed to consumers through newspaper ads and
mail orders in the United Kingdom and US. Since the initial inception of DTCGT, companies
have increased marketing to consumers. In 2017, the US Food and Drug Administration
(USFDA) approved DTCGT for genetic risk testing. By 2018, an estimated 26 million
consumers had sent genetic samples in to be processed for health and/or ancestry results.

Genetic testing results are typically delivered to the consumer by email, with directions to
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contact their personal healthcare professional (if they have one) for questions pertaining to the
results.

As individuals who are motivated to maximize their health outcomes continue to utilize DTCGT,
it is important for healthcare providers to be prepared to answer questions, and to be familiar
with the benefits, risks, and limitations of DTCGT. One challenge is that medical professionals
often feel unprepared to discuss DTCGT results with their patients due to a lack of genomic
education.*>* However, in recent surveys, most indicated they were willing to learn more about
genomics if it was clinically beneficial and would easily fit into their limited amount of time with
patients.”®

The Association of Professors of Human and Medical Genetics, Accreditation Council for
Graduate Medical Education, and American Academy of Family Physicians all have guidelines
on which genetic topics should be prominent in the curriculum of medical professionals,
although little attention has been directed toward DTCGT and how to handle clinical discussions
about indications and results with patients.”!!! To effectively integrate genomics training into a
busy curriculum, online training for DTCGT with a brief online module may prove to be a viable

and effective alternative delivery modality.

METHODS
A quasi-experimental survey design was selected to test the effectiveness of an educational
module in improving student knowledge and ability to manage patient scenarios. The study was
conducted at Edward Via College of Osteopathic Medicine (VCOM) - Carolinas campus. Study
students were first and second-year osteopathic medical students who were recruited to
participate through campus email and video flyers posted on campus informational television

screens. Participation included both an online and in-person portion, both of which were
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completed on campus, outside of class time, and divided into two groups of students. Consent
was obtained prior to beginning the survey and subjects were assured that their responses were
confidential and de-identified. VCOM was not informed who either did or did not participate.
Both Clemson University’s and VCOM’s Institutional Review Boards granted this study exempt
status (IRB #2023-0384 and 2101012-1 respectively, see Appendix E).

This study was created using the Reporting Item Standards for Education and its Evaluation in
Genomics (RISE2 Genomics).® RISE2 Genomics is a tool that was developed in 2020 to
formalize the creation and evaluation of genomic education interventions. The guidelines in
RISE2 Genomics outline an intervention from design and development through evaluation
impact of the intervention.

Students met on November 14th and 16th, 2023, in a lecture hall outside of class time and were
given a link to an online consent form. Participation was voluntary, and there were no incentives
for participation provided. Once consent was obtained, students were automatically routed to the
pre-survey, a short microlearning module, and a post-survey. The pre and post-surveys consisted
of four questions and were conducted via Qualtrics® survey software (see supplemental file 1).
The first part of the survey assessed student actions toward three initial patient scenarios. The
first scenario involved a patient with no findings of breast cancer variants on her DTCGT results
even though she lost three family members to the disease. The second scenario dealt with an
adult adoptee with no family history who wanted to know if they should take a DTCGT. The
third scenario is a patient whose DTCGT results uncovered an Alzheimer’s genetic variant, even

though no one in his family had the disease (see Appendix C).

The second part of the survey assessed knowledge of basic terminology pertaining to genetic risk

factors. The terms that the authors selected to test the student’s knowledge are found on DTCGT
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results, so it is important that physicians are familiar with the terms. The section consisted of
matching definitions with the following terms: absolute risk, risk factor, predisposition,
polygenic risk score, and relative risk.

The online microlearning course ‘“Navigating Direct-to-Consumer Genetic Testing: How to
Approach Patients’ Questions and Concerns” was created using the Articulate360® Rise360 e-
learning development platform in conjunction with the Inter-Society Coordinating Committee for
Practitioner Education in Genomics (ISCC-PEG) Point of Care Tool in development at the
National Human Genome Research Institute. This Point of Care Tool is being created to help
healthcare professionals handle patient questions about their DTCGT results.

The microlearning course is divided into three sections. The first section is knowledge of the
benefits and limitations of DTCGT and defines pertinent genetic/genomic terms. The second
section is a simulated interactive patient visit. In this part, how a student chooses to handle a
situation will elicit a positive or negative response from the patient. The student must properly
answer a patient’s concern or start over from the initial question. Each of these patient scenarios
has been chosen because they can be managed by a non-genetic healthcare professional, such as
a general practitioner. The third section consists of available resources for provider use or to pass
along to a patient in need. Below is a link to the microlearning course and it can be found in
Appendix D. (https://rise.articulate.com/share/7vcUHKGngoA 1rsZGKHSzD7b4dsqs KLT).
After watching the microlearning course, the student was given the post-survey.

The online portion was followed by a guided group discussion facilitated by one of the research
team members. Day 1 consisted of 4 students, and day 2 consisted of 13 students. No personally

identifiable information was collected or retained.
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RESULTS
Pre/Post-survey
Of the 327 students invited via email, 17 (5%) agreed to participate (13 OMS-I and 4 OMS-II).
Participation time took an average of 22 minutes. From pre- to post-survey, there was a
noticeable change in how students reacted to the patient scenarios. Each of the 17 student was
given 3 scenarios to evaluate. Initially, 11 out of 51 (22%) of the students’ total responses were
to refer each patient to a genetic counselor. This number dropped to 1 out of 51 (2%) after going
through the learning module. Many of the students stated in the post-survey discussion that

explaining risks, benefits, and options for DTCGT makes for a better patient interaction.

Automatic Referral to a Genetic Counselor

12

10

pre-test post-test

M Leslie WPat M Oliver

Figure 4.1. Number of students who would automatically refer each patient to a genetic
counselor pre and post module.

58



The largest change was with the scenario where an adoptee asks for an opinion about using
DTCGT to find unknown health issues. Pre-survey, only 9 (53%) students thought that they
should explain that DTCGT will not give a complete view of genetic health, but it may find
genetic relatives with more family history information. Post-survey, that number rose to 16
(94%), a 41% increase.

The vocabulary portion of the survey was a matching section where commonly anticipated terms
were matched to their definition. The section consisted of 5 terms that patients may see on
DTCGT results and will possibly have questions about. A McNemar’s test was used to
investigate whether the modest increase was statistically significant between pre and post-survey
vocabulary scores. Pre-survey, 69 out of 85 (81%) of the total terms were matched correctly,
post-survey, that number had risen to 81 (95%). The results were not significant.

X% (1)=0.96,p=.33

Group Discussion

After the post-survey, a brief group discussion was held to discuss the module. The discussion
themes were broken down into two main questions:

1. What do you believe are the pros and cons of this specific training module?

2. What are your feelings toward taking elective online training of this type in the future?
The students reported that they enjoyed the fact that the 15-minute training module was
“concise” and “easy to digest,” and the majority of the group liked that the module was
interactive. One student stated, “I thought I knew the right thing until...I watched the video and
then went through the module. After I went through the module where I talked to the patient, I
kind of started to understand where they could be.”

The main con brought up by students was the surveys and the module all had the same patient
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scenarios. One student said this study design made it a conflict for a proper assessment because
everything was the same, while others said it was hard to think about the scenarios differently so
they were “picking the same things I did before,” or “I just memorized ‘ohh this is the right
answer.”” A student mentioned that this module could have been improved if they could see what
an actual DTCGT report would look like.

When asked about more online training similar to this module, the students all agreed that it
would be a good resource as long as the topics were relevant to their needs and the modules were
short enough to maintain their interest. One student stated that he/she would like to know more
about the legal and ethical issues related to DTCGT while another said that this type of module
would be great for learning about unusual clinical cases.

DISCUSSION

This study evaluated the implementation of an interactive online module among osteopathic
medical students in the first two years of study. Results indicated that the module increased
genetic vocabulary knowledge as well as the ability to manage patients with basic genetic
questions. A 2016 study showed that simulation-based virtual learning in medical genetics can
increase student confidence in patient relations.'” This was mirrored in the fact that students in
this study were more likely to choose to explain the risks and benefits of DTCGT to a patient
after completing the module than to refer the patient to a genetic counselor. During the group
discussion, the students found this method of training was best suited for short, clinical cases to
be reviewed outside of instructional time. This module can be created and updated on Articulate

360 to stay current with the ever-changing landscape of genetic/genomic medicine.

Limitations and Future Implications

One limitation of this pilot study was the small number of students. This may be due to the study
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being scheduled the day before a test. Recommendations for future implementation are to
disseminate modules online for the students to take at their convenience and the group discussion

changed to open-ended questions at the end of the post-survey.

CONCLUSION
Interactive online modules could be an effective method to increase osteopathic medical
students’ knowledge of DTCGT and ways to manage patients when they get results, and/or

manage other genetic/genomic issues that may arise in a clinical visit.
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Appendix C

Interactive Module Survey Questions

Leslie, 46, comes to you confused by her findings. The DTC-GT states that no BRCA
variants were detected, yet two of her aunts (paternal) and a grandmother (maternal) died
of breast cancer. She has been worried for years about developing this disease and
wonders if this is a sign that she can ease her mind.

Immediately schedule her for a full BRCA screening

Go over her medical history and look for red flags

Explain to her the clinical benefits and limitations of DTC-GT

Discuss the choice of pre-emptive mastectomy

Refer her to a genetic counselor

Pat, 26, is an adoptee (closed adoption) and is concerned about unknown health issues.
They are currently in good health and do not meet any criteria for clinical genetic
screening through their insurance. They are considering DTC-GT to find potential
elevated risks and/or relatives and they want to know your ideas on the matter.

Let Pat know that a DTC-GT won't give much more information than they already
get through consistent health screenings

Explain to Pat that most DTC-GT will not give a complete view of genetic health,
but finding relatives with more health information would definitely be helpful

Tell Pat that finding close relatives may be unlikely, but give them the names of a
few CLIA certified/FDA approved labs.

Refer them to a genetic counselor
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Oliver, 28, wants to know about ways to prevent or deter the effects of Alzheimer’s
disease. His DTC-GT detected 1 copy of the €4 variant in the APOE gene. The test
results say that he has an increased risk of developing late-onset Alzheimer’s, but no one
in his family has ever been diagnosed.

Refer him to a genetic counselor

Tell him that most people with one copy of this variant never get Alzheimer's
disease, but discuss how lifestyle and environment contribute to the disease.

Even though there is no family history of dementia, order a clinical genetic test to
be certain.

Explain the difference between an "increased risk" and a "confirmed diagnosis"
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predisposition

QThe
likelihood an
individual
will develop
a disease
over a
specific
amount of
time.

X Any
variable that
increases an
individual's

chances of
getting a
disease.

XAn
increased
chance that
an individual
will develop
a disease
based on
their genetic
makeup.

QAn
assessment
of the risk of
a specific
condition
based on the
collective
influence of
many
genetic
variants.

polygenic
risk score
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absolute
risk

relative risk

risk factor



XThe
likelihood an
individual
with a risk
factor will
develop a
disease
compared
with an
individual
with a
similar
background
without that
risk factor.
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Appendix D

Website Link to Interactive Module

https://rise.articulate.com/share/7vcUHK GngoA 1rsZGKHSzD7b4dsqs KL T
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Appendix E

IRB Documents for Interactive Module Study

Informed Consent

Information about the Research Study
Clemson University

Navigating Direct-to-Consumer Genetic Testing:
How to Approach Patients’ Questions and Concerns

KEY INFORMATION ABOUT THE RESEARCH STUDY

Kanesha Glenn, PhD(c), MS is inviting you to volunteer for a research study. Kanesha
Glenn is a graduate student at Clemson University conducting the study with Kim A.
Pickett, PhD, FNP-BC, BC-ADM in the Clemson University School of Nursing

Study Purpose: The purpose of this research is to highlight how to handle patient-
initiated conversations about direct-to-consumer genetic test results, as well as ways to
integrate these results into the patient's health plan.

Voluntary Consent: Participation is voluntary, and you have the option to not
participate.

If you decide not to take part or to stop taking part in this study, it will not affect your
grade in any way.

Activities and Procedures: Your part in the study will be to:

1. Watch a brief educational module about direct-to-consumer genetic test results.
2. Take a pre and post module test.
3. Participate in a group discussion about the module.

Some of the information shared during the group discussion may be personal, we ask that
you respect others in the group and keep the information shared confidential. Please do
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not share any information that may be sensitive or make you uncomfortable. You may
refuse to answer or leave the discussion at any time if you become uncomfortable.

Participation Time: It will take you about 1 to 2 hours to be in this study.

Risks and Discomforts: We do not know of any risks or discomforts to you in this
research study.

Possible Benefits: You may not benefit directly from taking part in this study, however
the information gained will be of use to you in your future medical endeavors.

AUDIO/VIDEO RECORDING AND PHOTOGRAPHS

The post-module group discussion will be recorded. We will use Microsoft Word to
record and transcribe all comments. Both will be stored on VCOM's secure OneDrive
server. The recording will be stored for 30 days just to ensure that the transcription is
accurate.

PROTECTION OF PRIVACY AND CONFIDENTIALITY

The results of this study may be published in scientific journals, professional
publications, or educational presentations.

The information collected during the study could be used for future research
studies or distributed to another investigator for future research studies without
additional informed consent from the participants or legally authorized
representative. No identifiable information will be collected during the study or
on the research study instruments.

CONTACT INFORMATION

If you have any questions or concerns about your rights in this research study, please
contact the Clemson University Office of Research Compliance (ORC) at 864-656-0636
or irb@clemson.edu. The Clemson IRB will not be able to answer some study-specific
questions. However, you may contact the Clemson IRB if the research staff cannot be
reached or if you wish to speak with someone other than the research staff.
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If you have any study related questions or if any problems arise, please contact Kanesha
Glenn at 864-327-9857 or kaneshn@g.clemson.edu.

CONSENT

By participating in the study, you indicate that you have read the information written
above, been allowed to ask any questions, and you are voluntarily choosing to take part in
this research. You do not give up any legal rights by taking part in this research study.

Flyer Invitation to Participate in Study

GETTING TO THE PERSONAL Lt LECTURE HALL
SIDE OF PERSONALIZED ey OMS-I1l Nov.14 at 3:30

MEDICINE OMS-I Nov.16 at 10:00

PARTICIPANTS NEEDED = -

Kanesha N. Glenn

Email: kglenn@vcom.edu
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Email Invitation to Participate in Study

As a student enrolled at Edward Via College of Osteopathic Medicine, you have been
identified as a potential participant in a research study about direct-to-consumer genetic
testing.

This study is being conducted by Ms. Kanesha Glenn, a PhD candidate at Clemson
University and Instructor at Edward Via College of Osteopathic Medicine, and Dr. Kim
Pickett, an Associate Professor at Clemson University.

The purpose of the study is to learn how to handle patient-initiated

conversations about direct-to-consumer genetic test results as well as ways to
integrate these results into the patient's health plan. Data collection will occur using an
online module that should take you approximately 15 minutes to complete.

Eligibility to participate in this survey is restricted to enrolled osteopathic medical
students at Edward Via College of Osteopathic Medicine’s Carolinas Campus. There are
no rewards for participating in this survey, and there are also no risks.

The results of this study will be used to create an evidence-based learning tool for
medical education and may be used for future conference presentations or journal

publications.

Participation in this survey is anonymous and no personally identifiable information will
be collected.

To participate, please bring your laptop to (date/time/location TBA).

If you have any questions about participating in this study, please contact Kanesha Glenn
(kaneshn@g.clemson.edu) or Kim Pickett (kpicket@clemson.edu).
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IRB Approvals

@2 RESEARCH

Research Caomplia e

To: Eim Ann Pickett
Be: Clemson IEB Number:  IRB2023-0384
Eeview Level: Exempt
Eeview Category: 1
Determination Date From: 25-Ang-2023
Determination Date To:  31-Aug-2026
Funding Sponsor: N/A
Project Trtle: Navigating Direct-to-Consumer Genetic Testing: How to Appreach Patients’ Questions and Concerns

The Clemson University IRB office determined that the proposed activities involving niman participants meet the criteria for Exempt
level review under 45 CFR. 46.104{d). The Exempt determination 1s granted for the certification period mdicated abowve.

Principal Investigator (PI) Responsibilities: The PI assumes the responsibilities for the protection of uman subjects as cutlined in
the Principal Investigators Responsibilities suidance.

Non-Clemson Affiliated Collaborators: The Exempt determination only covers Clemson affiliated personnel on the study. External
collaborators have to consult with their respective institution’s IFB office to determine what is required for their role on the project.
Clemson IRB office does not enter into an IRB Authorization Agreement (reliance agreement) for Exempt level reviews.

Modifications: An Amendment is required for substantial changes to the study. Substantial changes are modifications that may affect
the Exempt deternunation (1e.. changing from Exempt to Expedited or Full Board review level, changing exempt category) or that
may change the focus of the stady, such as a change in hypothesis or study design. All changes must be reviewed by the IRB office
prior to implementation. Instructions on how to submit an Amendment is available on the IRB webpage

PI or Essential Study Personnel Changes: For Exempt determinations, submit an amendment ONLY if the PI changes or if there is
a change to an essential study team member. An essenfial team member would be an mdividual required to be on the study team for
their expertise or certification (1e., health expert. mental health counselor). Students or other non-essenfial study persomnel changes
DO NOT have to be reported to the IRB office.

Reportable Incidents: Notify the IRB office within three (3) business days if there are any unanticipated problems mvolving nsk to
subjects, complications, adverse events, complaints from research participants and/or incidents of non-compliance with the IRB
approved protocol. Incidents may be reported through the IRB online submission system using the Reportable Incidents eform or by
contacting the IRB office. Review the IRB policies webpage for more information.

Closing IRE Record: Submit a Progress Report to close the IRB record. An IRB record may be closed when all research activities
are completed. Research activities include, but are not limited to: enrelling new participants; interaction with participants (online or
in-person); collecting prospective data, including de-identified data through a survey; obtaining, accessing, and/or generating
identifiable private information about a living person.

New IRE Application: A new Exempt application is required if the research activities confinue for more than 3 years after the mitial
determunation. Exempt determinations may not be renewed or extended and are valid for 3 vears only.

Non-Clemson Affiliated Sites: A site letter is required for off-campus non-public sites. Fefer to the guidance on research
site/permission letters for more information. Submit the Amendment eform to add additional sites to the study.

Intermational Research: Clemson’s determination is based on U.S. human subjects protections regulations and Clemson Unaversity
human subjects protection policies. Fesearchers should become familiar with all pertinent information about local uman subjects
protection regulations and requirements when conducting research internationally. We encourage you to discuss any possible human
subjects research requirements that are specific to your research site with your local contacts, to comply with those requirements, and
to mform Clemson’s IRB office of those requirements. Beview the EAQs for more mformation about mternational research.
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Contact Information: Please contact the IRB office at [RB .clemson.edu or visit our webpage 1f vou have queshons.

Clemson Unrversity s IRB 15 commutted to facilitating ethuical research and protecting the nghts of niman subjects. All research
mvelving human participants must maintain an ethically appropnate standard, which serves to protect the nights and welfare of the
participants.

Institutional Feview Board
Office of Research Compliance
Clemson University

IRB Number: [RBOM000431
EWA Number: FWA00004497
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CHAPTER FIVE

CONCLUSION

The Association of Professors of Human and Medical Genetics and the National
Coalition for Health Professional Education in Genetics have genetic competency
guidelines for medical schools to integrate into their curriculum, but each of these deals
with physician initiated testing."> In order to keep up with the growing genetic education
of the public, up primary care providers need to know how to offer communication and
patient care for a situation that is becoming more common. The American Academy of
Family Physicians’ guidelines for residents has one medical genetic skill stating that a
physician should be able to “educate patients about DTC genome-wide association study
testing as a risk-stratification strategy, its benefits, and its risks.” * With the ever-growing
amount of genetic information loaded crammed into the medical school curriculum, this
dissertation explored a way to create an alternate educational training module that teaches

the knowledge and communication skills needed to educate those patients.

Chapter I provides a brief history of DTCGT and the stakeholders involved in its
continued use (testing companies, FDA, customers/patients, and healthcare
professionals). This chapter also brings to light the issue that patients are becoming more
genetically educated, so healthcare professionals need to maintain a level of genetic
literacy. This dissertation had three aims. The first one was to uncover concerns that
healthcare professionals reported with integrating DTCGT into clinical care. This was
addressed in the systematic literature review provided in Chapter II. The second aim was

to assess the attitudes of medical students about the clinical application of DTCGT results
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and was addressed in the survey described in Chapter III. The final aim was to assess the
efficacy of an online module created to train medical students how to handle discussions

about DTCGT results with a patient and is provided in Chapter I'V.
Chapter 11

Chapter II, “Obstacles to Integration of Direct-to-Consumer Genetic Test Results Into
Patient Care,” was a systematic literature review about healthcare professionals’
knowledge and attitudes about DTCGT and its clinical utility. This chapter used John
Venkatesh et al.’s Unified Theory of Acceptance and Use of Technology (UTAUT) to
explain the factors used to accept DTCGT as a clinical tool: performance expectancy
(how well it will improve job performance), effort expectancy (ease of use), social
influence (perception that important others use the system), and facilitating conditions
(how much support exists to help use the system).* These four constructs brought our
four themes in the literature that explain the barriers to accepting DTCGT: knowledge,

clinical utility, legal and ethical issues, and lack of practice recommendations.
Limitations

There was a paucity of literature about DTCGT and primary care provider interactions,
especially from the perspective of the healthcare professional. This may be due to the fact
that most of the articles were geared towards genetic professionals and genetic

counselors.
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Recommendations

Among the articles found, there were a few recommendations about what is needed to
bridge the educational gap for providers, but none were about actually creating a solution.
Educational interventions need to be developed to address this knowledge gap taking into

consideration a healthcare provider’s limited time availability.

Future Research

More data is needed on the outcomes of patient/provider collaborations and the
incorporation of DTCGT test results into patient electronic health records. An
assessment needs to be done among medical students as they would be considered early
adopters of new genomic innovations. This assessment should include how medical
students view the clinical validity of DTCGT as well as their confidence in patient
interactions concerning DTCGT results. Findings from this paper served as the basis for

the next two research studies (Chapter III and Chapter V).

Chapter 111

Chapter 111, “Osteopathic Medical Students’ Attitudes About the Clinical Application of
Direct-to-Consumer Genetic Test Results,” was the development and assessment of an
online survey that used a modified version of the UTAUT model format to measure
student knowledge, performance expectations, perceived clinical utility, and effort
expectations in relation to possible patient interactions concerning DTCGT results. This
survey was emailed to all students enrolled at Edward Via College of Osteopathic

Medicine (VCOM) - Carolinas Campus. These students were comfortable with their
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current genetic/genomic knowledge and many saw positive clinical usefulness of
DTCGT. However, the students showed low confidence in their ability to discuss
DTCGT results with patients, preferring to leave that task to genetic counselors. Even
though there was a lack of confidence, there was a desire to learn more about how to

integrate patient-initiated testing into clinical care.
Limitations

The main limitation of this study was that it was only done at one of VCOM’s four

campuses. Expanding this study could have given a much larger sample size.
Recommendations

This study could have also been altered to include other healthcare professionals such as
nurse practitioners and physician assistants to give a more comprehensive idea of how

DTCGT is viewed in the medical field.
Future Research

This study points to the need for a standardized educational intervention on DTCGT that
capitalizes off of medical students’ eagerness to learn about prospective technologies.
The Reporting Items Standards for Education and its Evaluation in Genomics (RISE2
Genomics) is a standardized procedure that describes how to plan and report educational
interventions in genomics.’ Information garnered from this study was used to inform the

creation of the module in Chapter IV.
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Chapter IV

Chapter 1V, “Navigating Direct-to-Consumer Genetic Testing: How to Approach
Patients’ Questions and Concerns,” is a brief report on the efficacy of an educational
module that trains medical professionals how to handle patient interactions concerning
DTCGT. This module was created using the RISE2 Genomics guidelines and was
evaluated through a pre-survey, post-survey, and a focus group. Students in their first two
years at VCOM - Carolinas Campus were invited to attend and were given a website link
to begin the study. The module contained interactive elements that allowed the students
to receive feedback from the patient throughout the clinical scenario. The focus group
revealed that students underestimated their ability to handle the scenarios, but they would
like to have firmly established guidelines to follow in such situations. Analysis of the
surveys showed the module did enhance vocabulary and changed how they would

initially respond to the virtual patients.

Limitations

Even though video flyers invitations were posted on television screens around the VCOM
campus in addition to the email invitation to combat what was deemed as a low response
to the previous survey, only seventeen students accepted the invitation to participate.

This may have been due to the study being done at the end of the day one day before a
test for the OMS I students and the misconception that a study of this type would take up

too much time.
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Recommendations

This study could have been given to all four of VCOM’s campuses during the semester of
the actual genetics course. Scheduling the study to take place at the end of class time or
allowing the students to take the study on their own free time may garner a greater
number of test subjects. Focus group questions can be changed to open-ended response

questions on the post-survey.
Future Research

This module could be a useful tool to use as a curriculum supplement for any medical
genetic program. Institutions could also modify this module to be utilized for a variety of
genetic topics in the medical curriculum or continuing medical education for current

professionals.
Conclusion

As of October 2023, one of the biggest fears of DTCGT consumers and potential
consumers came to fruition. The company 23andMe had its genomic database infiltrated
by hackers.® Media outlets have posted that hackers could use this information to
blackmail people with genetic family secrets to hide or to create bioengineered weapons
based on genomic data. Some have even gone as far as to say that the stolen genetic data
could be used to bypass biometric security systems,” however the technology has not
been invented for that level of crime. Even as this company fails due the novelty of
personal genetic control wears off® and the loss in confidence in 23andMe’s ability to

keep genetic information secure ’, genomic testing companies are going to do what they
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are known to do: adapt. What started out as a way for physicians to test for specific
SNPs turned into a way for everyone to learn about how their genes affect their lives and

the lives of family members known and yet to be known.

Medical professionals need to keep up with their genetic/genomic literacy throughout
their careers. This dissertation shows that educational modules are a viable option to
easily disseminate information to medical professionals so that the conversations between

patient and provider can remain positive and productive.
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