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Abstract
Aim—The aim was to determine if the University of Minnesota (MN, USA) healthcare students’
perceived value of pharmacogenomics matches their self-observed comfort and education in
pharmacogenomics.

Materials & methods—A 24-question, anonymous, online survey was distributed to all
pharmacy, nursing and medical students enrolled at the University of Minnesota.

Results—Among healthcare students, 70.6% agreed or strongly agreed that pharmacogenomics
should be an important part of their curriculum; however, only 11.1% agreed or strongly agreed
that it actually is. Only 29.7% of students reported taking a genetics course that specifically
addressed the applications of genetics in pharmacy, and those students were more likely to feel
comfortable interpreting information from a pharmacogenetics test, answering questions on
pharmacogenomics, educating patients on risks and benefits of testing, and were comfortable that
they knew which medications required pharmacogenomics testing.

Conclusion—Healthcare students consider pharmacogenomics to be an important area of
clinical practice; yet generally express it has not been an important part of their curriculum.
Education emphasizing medical applications of pharmacogenomics can increase student comfort
level in pharmacogenomics practice.
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Pharmacogenomics is an exploding field of science that explores genetic contributions to
patient variability in drug response [1]. It combines our knowledge of drug
pharmacokinetics and pharmacodynamics with knowledge from modern genetic testing to
provide a comprehensive view of how a specific patient will react to a medication [2].
Pharmacogenomics can enable healthcare practitioners to predict who will respond to a
medication, who will not, what dose to select and who may have an adverse drug reaction to
the medication [101,102]. Advancements in this field are key to practicing personalized
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medicine and the ultimate goal is to optimize drug efficacy, prevent toxicity and reduce
overall medical costs [3]. With the knowledge of how genetic variation affects drug
response, treatments can begin to be reliably tailored to the individual [103].

Over a century ago, it was recognized that genetic factors play a role in drug response, and
the concept and its practice have been evolving ever since [4,5]. In 2003, the Human
Genome Project was completed, which threw open the doors to pharmacogenomics
exploration. Shortly after, in 2007, the US FDA added pharmacogenomics information to
the warfarin label [1,4,102]. More recently, clopidogrel received a black box warning
pertaining to patients genetic information [1,4,102]. Today, nearly 100 medications contain
pharmacogenetic information on their drug labels, and the FDA has mandated
pharmacogenomics testing for medications such as trastuzumab, cetuximab, maraviroc and
more [1,102]. DNA-sequencing technology is perpetually evolving, and may soon enable
genetic screening in a doctor’s office to be commonplace [104]. The addition of
pharmacogenomics information into drug labels, coupled with increased availability of
genetic research and testing, has contributed to the evolution of pharmacogenomics from
research to clinical practice [2].

With the ever-increasing amount of pharmacogenomic applications and requirements,
healthcare practitioners and educators face the challenge of keeping up. The National
Coalition for Health Professional Education in Genetics (NCHPEG) has established core
competencies expected of all healthcare professionals; associations representing individual
specialties have also followed suit [105]. In 2002, the Academic Affairs Committee of the
American Association of Colleges of Pharmacy (AACP) recommended that pharmacy
schools incorporate pharmacogenomics into their curricula to educate future practitioners in
core competencies necessary for pharmacogenomics practice [6]. In 2005 the American
College of Physicians (ACP) acknowledged that it was increasingly important for physicians
to be knowledgeable about genetic testing and counseling, and in 2006 the American Nurses
Association (ANA) established genetic competencies for nurses recommended for use in
nursing education [7,106].

Despite the outstanding amount of evidence promoting pharmacogenomics practice and
education, many healthcare practitioners continue to feel inadequate in the field. Studies
show that practitioners continue to lack confidence and education in pharmacogenomics
[1,8]. In order to continue optimizing patient care, the USA needs to provide the
practitioners of tomorrow with the basic education necessary to practice relevant medical
fields. While practicing health-care professionals have raised concerns about the clinical
importance but limited knowledge of pharmacogenomics, there is little knowledge of
student opinions on pharmacogenomics and their perceived education and knowledge of its
practice.

This survey was designed to assess whether the University of Minnesota (UMN; MN, USA)
healthcare student’ professional worth of pharmacogenomics matched the self-understood
knowledge, comfort and education in pharmacogenomics. The secondary goal in this survey
was to illustrate which specialty of healthcare students assumed more responsibility for
pharmacogenomics within their profession.

Materials & methods
All pharmacy, nursing and medical students at the UMN were selected to receive an
invitation to an anonymous, self-administered, online survey consisting of 24 questions
(supplementary material; see www.futuremedicine.com/doi/suppl/10.2217/pgs.12.139).
Prior to initiation, the study received institutional review board exemption from the UMN
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and was assigned study number 1108E03461. Survey questions were developed with
consideration of the NCHPEG core competencies required for healthcare professionals,
consideration of outcomes of the Assessment of the Pharmacogenomics Educational Needs
of Pharmacists study published in the American Journal of Pharmaceutical Education in
2011, and educational recommendations from the AACP, ANA and ACP [1,6,7,106].

Survey questions were consistent across medical, nursing and pharmacy students apart from
individualizing survey questions to address medical students/physicians, nursing students/
nurses and pharmacy students/pharmacists. The survey consisted of demographic questions
and three clusters of focus. Demographic questions were multiple choice and short answer,
while clusters of focus responses were based on a five-point Likert scale: strongly disagree,
disagree, neutral, agree or strongly agree. The first cluster evaluated students perceived
relevance of pharmacogenomics. The second cluster evaluated what pharmacogenomics
skills students understood to be necessary once in clinical practice and the third cluster
identified students’ comfort level in pharmacogenomics.

The target population included medical, nursing and pharmacy students enrolled at the
UMN. Members were identified and contacted through student LISTSERVs. Access to
LISTSERVs was obtained through contact and approval from each school of study’s
individual LISTSERV administrator. A survey invitation including the study title, the title of
the investigator and a website link to the online survey was sent in electronic mail format to
each student. Students were informed in the invitation that the study was crucial to the
investigator’s fourth year pharmacy student thesis and responses would be anonymous and
would not affect their academic standing.

Response rate bias was expected, as students with strong opinions on pharmacogenomics
may have more personal incentive to participate in the survey. To limit this bias, students
were informed they could enter their e-mails into a random drawing for a US$20 Target gift
card upon survey completion. To maintain anonymity, e-mail entries were not attached to
the survey the student had completed. In addition, to further limit bias, the survey and
invitation did not contain a definition of pharmacogenomics.

Medical student LISTSERVs consisted of a total of 887 contacts, pharmacy LISTSERVs
contained 722 contacts and nursing contained 806. The total number of subjects invited to
participate was 2415. A reminder e-mail was sent to pharmacy and nursing students several
days before survey close. Medical student LISTSERV administrators refused reminder e-
mails. Surveys were closed 13 days after release.

Incomplete surveys were thrown out of study results. The percentage of students who
responded ‘yes’ to having taken post-high school genetics coursework and genetics
coursework with applications in pharmacy was compared across student comfort level in
pharmacogenomics using χ2 analysis to a 95% CI of 3.66.

Results
A total of 2415 survey invitations were distributed. In total, 217 (27%) nursing subjects
completed the electronic surveys and 578 (71.7%) did not respond. Two nursing respondents
reported that they were not students and so their answers were not considered in study
results. In total, 328 (45.4%) pharmacy students completed the survey and 379 (52.5%) did
not respond. A total of 170 (19.2%) medical students completed the survey and 712 (80.3%)
did not respond. Overall, 715 (29.6%) students completed the survey and 1669 (69.1%) did
not respond. Incomplete surveys were excluded from study results.
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The majority (35%) of nursing students were in the DNP program and the largest portion
(71%) had worked in hospital healthcare settings. The majority (59%) of nursing students
had not taken a genetics course in their post-high school career and, of those that had, only
43% stated the course had included information on the applications of genetics in pharmacy.

The majority (31.2%) of medical students were in the second year of the medical program,
and the largest amount (81.8%) had work experience in a hospital setting. Impressively,
almost all (95.3%) had taken a genetics course in their post-high school career, and 67.3% of
those respondents reported the course included information about the applications of
genetics in pharmacy.

The majority of pharmacy students were in the first (27%) and second years (27%) of the
pharmacy program and the largest amount (80%) of students had work experience in a
community/retail setting. Most (66%) had taken a genetics course in their post-high school
career; however, only 30% of those respondents reported the course included information
about the applications of genetics in pharmacy. Overall, only 29.7% of all healthcare student
respondents reported taking a genetics course that specifically addressed the applications of
genetics in pharmacy. Participant demographics are listed in Table 1.

The first cluster of the survey evaluated students’ perceived relevance of
pharmacogenomics. A total of 75.31% of pharmacy students agreed or strongly agreed that
pharmacogenomics should be an important part of their curriculum; however, only 13.1%
agreed or strongly agreed that pharmacogenomics had been and important part of the
curriculum. In fact, over half of the pharmacy student respondents disagreed or strongly
disagreed that pharmacogenomics had been an important part of their curriculum (Figure 1).
In addition, over 90% of pharmacy students agreed or strongly agreed that
pharmacogenomics could improve patient care. Results for the first cluster were similar for
nursing students, with 59.9% agreeing or strongly agreeing and only 7.8% disagreeing or
strongly disagreeing that pharmacogenomics should be an important part of their school
curriculum. Only 7.4% of nursing students felt pharmacogenomics had been important in
their nursing school curriculum, while 84.8% agreed or strongly agreed that it could improve
patient care. Similarly, the vast majority (75.3%) of medical students agreed or strongly
agreed that pharmacogenomics should be an important part of the curriculum, while only
2.9% disagreed or strongly disagreed with this statement. Only 15.9% of medical students
agreed or strongly agreed the subject had been an important part of their school curriculum;
however, 90% agreed or strongly agreed pharmacogenomics can improve patient care and
no medical students disagreed with this statement. Curriculum opinions are represented in
Figure 1.

The second cluster assessed pharmacogenomics skills students understood to be necessary.
A large majority of pharmacy (88.1%), medical (80.6%) and nursing students (80.1%)
agreed or strongly agreed that their profession should be required to have some knowledge
of pharmacogenomics. A greater amount of pharmacy (91.2%), medical (80.6%) and
nursing students (65.7%) agreed or strongly agreed that once in practice, they should be able
to identify medications requiring genetic testing.

The final cluster identified students’ comfort level in pharmacogenomics. In total, 57.6% of
medical, 61.9% of pharmacy and 80.2% of nursing students disagreed or strongly disagreed
with a statement that they were comfortable answering questions on pharmacogenomics. In
response to the statement that the student knew which medications require
pharmacogenomics testing, 70.7% of pharmacy, 80.6% of medical and 89.4% of nursing
students disagreed or strongly disagreed. In fact, only 3.7% nursing, 7% medical and 12.8%
of pharmacy students agreed or strongly agreed they knew which medications required
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pharmacogenomics testing. Comprehensive cluster survey responses for collective and
individual areas of study are listed in Table 2, Figure 2 & supplementary Tables 1, 2 & 3.

In addition, healthcare students who had a class outlining the applications of genetics in
pharmacy agreed or strongly agreed to comfort-level cluster questions more often than those
that did not have a class in the genetics of pharmacy and were more likely to feel
comfortable interpreting and answering questions on pharmacogenomics (Figure 3a) as well
as trended towards knowing which medications required pharmacogenomics testing (Figure
3b).

Discussion
Over the past decade, the field of pharmacogenomics has expanded significantly and could
be considered one of the most immediate clinical benefits from the Human Genome Project
[9]. It is quickly becoming an important part of health-care and students and practitioners are
beginning to recognize it. Previous studies have demonstrated current healthcare
practitioners consider pharmacogenomics to be a relevant field of clinical practice, and this
study has demonstrated healthcare students agree that pharmacogenomics is important to
patient care [1,8].

Although multiple healthcare associations specifically recommend specific genetic
education for professionals, pharmacogenomics education remains highly variable from
program to program. For example; a study published in the American Journal of
Pharmaceutical Education in 2010 demonstrated that 69 out of 75 responding pharmacy
schools were currently providing pharmacogenomics education to their students; however,
the study also identified that the pharmacogenomics instruction was currently inconsistent in
devoted didactic hours between schools and less than half of the colleges were planning to
increase hours dedicated to pharmacogenomics instruction [10]. Such findings are
representative of healthcare curriculums at the UMN. The UMN is home to the third-ranked
pharmacy program according to the US News and World Report [107], and also have well-
respected medical and nursing programs [108]; however, the pharmacy program offers
pharmacogenomics only as an elective course with very little subject education built into
other coursework [109].

A 2010 Mayo Clinic (MN, USA) survey of practicing pharmacists explored similar clusters
of perception, but among practicing pharmacists [1]. The study also found that practitioners
believe knowledge of pharmacogenomics is important for pharmacy practice; however, they
lack knowledge and self confidence in the subject [1]. This suggests that absent
pharmacogenomics education in healthcare schools is carrying on into clinical practice, even
though students and practitioners alike have acknowledged the clinical relevance of
pharmacogenomics.

This study demonstrated pharmacy, nursing and medical students at the UMN consider
pharmacogenomics to be an important and relevant area of clinical practice; yet students
generally express it has not been an important part of their curriculum. The survey also
demonstrated that, across the board, healthcare students believe that they should have the
knowledge to use genetic information to make drug therapy decisions and educate patients.
However, students have a lack of confidence in their pharmacogenomics skills and abilities.
The disparity between the pharmacogenomics skills current and future practitioners need
and the skills they have is concerning as this next frontier of medical practice is explored.
Students who have had didactic education in pharmacogenomics are significantly more
comfortable in identifying and using pharmacogenomics than their peers.
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In addition, this study identified that pharmacy students may assume more professional
responsibility for pharmacogenomics. The survey response rate was higher among pharmacy
students than other healthcare students, indicating that they may have a stronger opinion on
this subject. Pharmacy students were also more likely than any other students to agree or
strongly agree that their profession should be required to have some knowledge of
pharmacogenomics and once in practice, they should be able to identify medications that
require pharmacogenomics testing.

This study has brought to light how educational inconsistencies in pharmacogenomics may
be affecting the practitioners of the future. Pharmacogenomics will continue to evolve over
time and become increasingly important in patient care [4]. Healthcare students recognize
the clinical benefits of pharmacogenomics; however, the skills they are learning and the
skills they believe they should have for this practice are not matching up. The results of this
study indicate that education emphasizing medical applications of pharmacogenomics can
significantly increase student comfort level in pharmacogenomics practice.

There are limitations to this study that should be considered. Individuals with strong
opinions may have been more inclined to complete the survey than individuals without
knowledge of, or opinions on pharmacogenomics. Pharmacy students had a much higher
response rate (45.4%) than other students. This may have been attributable to the primary
investigator sharing her status as a pharmacy student; potentially eliciting empathy from
pharmacy student invitees. Pharmacy students may have more exposure to
pharmacogenomics and stronger opinions. All of these factors could have potentially
produced bias; however, the financial incentive offered to survey participants was designed
to limit bias.

The medical student survey did not contain an option for students to select ‘Medical Student
Year 4’ upon original release and had to be updated within a few days of survey release.
This may have resulted in fourth year medical students selecting other years and skewing
demographics. The Likert method used in this survey may have allowed participants without
strong opinions or participants who had not heard of pharmacogenomics to select neutral.
Survey fatigue may have contributed to nonresponses, although the survey was designed to
take less than 5 min to complete in order to limit nonresponse due to fatigue. In addition, the
sample size is limited to the UMN and may not be representative of all healthcare students
in the USA. We expect that expansion of the study to include a variety of healthcare schools
across the nation would further strengthen study results. We also like to compare results of
similar results from other universities in future studies.

Conclusion & future perspective
To our knowledge, no one has explored students’ own expectations for pharmacogenomics’
relevance and education, and how that compares with the education they have received. This
survey has demonstrated that healthcare students, like practicing professionals, regard
pharmacogenomics as a clinically important area of practice. However, few students feel
they have developed the skills necessary to employ basic concepts of pharmacogenomics.
The students that did express a higher comfort level in application of pharmacogenomics
likely developed those skills from coursework specifically addressing this subject.
Knowledge of healthcare students clinical comfort level can help institutions better develop
coursework vital to current and future clinical practice, specifically in the area of
pharmacogenomics.

The survey did not explore healthcare students’ interest in learning about
pharmacogenomics or tools students favor for learning. These may be important areas for
future study in order to determine the most effective way to educate students.
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Executive summary

Background

• Pharmacogenomics is a relevant and expanding field of clinical practice and the
National Coalition for Health Professional Education in Genetics has established
core competencies expected of all healthcare professionals.

• Previous survey evidence suggests practitioners may feel inadequate in this field
and these inadequacies may stem from their professional education.

Materials & methods

• A 24-question, anonymous, online survey was distributed to pharmacy, nursing
and medical students enrolled at the the University of Minnesota (MN, USA).

• Survey questions designed to identify what skills students believed to be
necessary to practice pharmacogenomics as well as what skills they believed
they possessed.

Results

• A total of 715 students across three fields completed the survey; the majority of
participants across the three fields expressed that pharmacogenomics should be
an important part of their curriculum and generally agreed that
pharmacogenomics could improve patient care. Participants also generally
expressed that once in clinical practice they should have the skills necessary to
employ pharmacogenomics.

• Only 11.1% of student respondents felt that pharmacogenomics had been an
important part of their curriculum and less than half of the student respondents
were comfortable answering questions on pharmacogenomics.

• Students who had taken a genetics course specifically addressing applications of
genetics in pharmacy were more likely to know which medications required
genetic testing, feel comfortable answering questions on pharmacogenomics and
feel comfortable interpreting a pharmacogenetic test.

Conclusion & future perspective

• Although healthcare students consider pharmacogenomics to be important to
patient care they lack self-confidence in the ability to practice it. Students that
were more confident in their pharmacogenomics skills likely achieved those
skills through coursework addressing genetics in pharmacy.

• Further exploration could identify tools for teaching pharmacogenomics or
models for coursework that would develop the National Coalition for Health
Professional Education in Genetics core competencies.
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Figure 1. Student opinions on pharmacogenomics inclusion in their healthcare curriculum
†‘Pharmacy’, ‘nursing’ or ‘medical’ was inserted at __________ specific to the appropriate
school to which each survey was distributed.
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Figure 2. Comprehensive responses to survey questions represented as percentage for pharmacy,
nursing and medical students from the University of Minnesota
Questions 1–19 represented on X-axis are in same order as questions indicated in Table 2.
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Figure 3. Pharmacogenomics comfort level in healthcare students with and without a genetics
course in their post-high school career
(A) Percentage of students with or without a genetics course in their post-high school career
(light gray) and whether or not the course included information about applications of
genetics in pharmacy (dark gray) agreeing or strongly agreeing to four questions related to
their comfort level in: interpreting information of pharmacogenomics test; answering
questions on pharmacogenomics; educating patients on risks and benefits of
pharmacogenomics testing; and ability to apply information from pharmacogenomics test to
medication selection, dosing or monitoring. (See Table 2 questions 14–17). Bars represent
average of percentage response in each category for the four questions. (B) Percentage of
students with or without a genetics course in their post-high school career (light gray) and
whether or not the course included information about applications of genetics in pharmacy
(dark gray) agreeing or strongly agreeing to a question on knowing medications that require
pharmacogenomics testing (See Table 2 question 18).
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Table 1

Demographic information for participating nursing, medical and pharmacy students at the University of
Minnesota.

Demographic Pharmacy student, n
(%)

Nursing student, n
(%)

Medical student, n
(%)

Total healthcare
student, n (%)

Academic year

Undergraduate 0 (0) 7 (3) 0 (0.0) 7 (1.0)

PhD 0 (0) 11(5) 2 (1.2) 13 (1.8)

Residency 0 (0) 0 (0) 1 (0.6) 1 (0.0)

PharmD year 1 88 (27) – – 88 (12.3)

PharmD year 2 88 (27) – – 88 (12.3)

PharmD year 3 73 (22) – – 73 (10.2)

PharmD year 4 79 (24) – – 79 (11.0)

Nursing year 1 – 1 (0) – 1 (0.0)

Nursing year 2 – 42 (19) – 42 (5.9)

Nursing year 3 – 30 (14) – 30 (4.2)

MN nursing – 43 (20) – 43 (6.0)

MSN nursing – 6 (3) – 6 (0.8)

DNP – 77 (35) – 77 (10.8)

Medicine year 1 – – 31 (18.2) 31 (4.3)

Medicine year 2 – – 53 (31.2) 53 (7.4)

Medicine year 3 – – 42 (24.7) 42 (5.9)

Medicine year 4 – – 41 (24.1) 41 (5.7)

Work experience

Community/retail 251 (80) 66 (31) 46 (27.0) 363 (50.8)

Hospital 140 (45) 150 (71) 139 (82.0) 429 (60.0)

Ambulatory/outpatient 41 (13) 69 (33) 114 (67.0) 224 (31.3)

Research/industry 52 (17) 22 (10) 76 (45.0) 150 (21.0)

Other 26 (8) 54 (26) 11 (2.0) 91 (12.7)

Genetics academia

Took a genetics course in post-high
school career

218 (66) 88 (41) 162 (95.0) 468 (65.5)

Genetics course included information
about the applications of genetics in
pharmacy

65 (20) 38 (18) 109 (64.0) 212 (29.7)

Total respondents = 715.

–: Not included in survey; specific to this student population.
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