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Objective. To assess whether a required first-year course, Principles in Genetics and Pharmacogenomics,
and integration into subsequent courses affected pharmacy students’ perceptions of pharmacogenomics.
Methods.A survey was distributed to Professional Year (PY) 1 students during the first and last weeks of
the course from 2014 to 2016. A follow-up survey was distributed to PY2, PY3, and PY4 students.
Results. Respondents consistently agreed that pharmacogenomics is clinically relevant. After the course,
PY1 students are more comfortable in their knowledge and role in the application of pharmacogenomics.
Although their comfort reverts to some degree, PY2-PY4 students believe that they should be able to
apply pharmacogenomics clinically. Most PY2-PY4 students indicate that later courses review pharma-
cogenomics.
Conclusion. A required course in genetics and pharmacogenomics can promote a perception that phar-
macists should have knowledge of, and be involved in the use of genetic information clinically. Inclusion
of pharmacogenomic concepts in subsequent curricular components may help in maintaining these
perceptions.
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INTRODUCTION
Pharmacogenomics, the study of how genetics affect

patient response to medications, has the potential to im-
prove pharmacotherapy and to allow for a better under-
standing of diseases.1 In addition, it is thought that
geneticsmay be a potential solution to the attrition ofmany
drugs in late-stage clinical trials, aswell as reduced efficacy
or appearance of adverse effects oncemedications become
available to the public.2 As the field of pharmacogenomics
grows, there is an increasing need for clinicians with the
knowledge and skills to determine therapy recommenda-
tions based on patient specific genetic information, termed
personalized medicine.3 Pharmacists and pharmacy grad-
uates fill a unique role, whether it is at a retail pharmacy,
in pharmaceutical industry, governmental regulation or
with an interdisciplinary team of health professionals
where they can combine genetic information with their
knowledge of drug pharmacokinetics and pharmacody-
namics to provide individualized therapy for the best clin-
ical outcome. However, in a 2012 publication, although

more than 90% of pharmacists were interested in learning
more about pharmacogenomics, 83% of pharmacists rated
their knowledge of pharmacogenomics as only “fair” or
even “poor.”4 Similarly, in a 2011 study, 63% of phar-
macists believed they could not accurately apply pharma-
cogenomics test results to drug therapy, selection and
monitoring, though most (85%) still agreed that phar-
macists should be required to be knowledgeable about
pharmacogenomics.5 Because the field of pharmacoge-
nomics is relatively new, many current pharmacists have
not received a substantial amount of education on this topic
during their pharmacy degree training and a number of
continuing education programs are making an effort to in-
crease their knowledge.6,7 The other major component to
solving this problem is through education of prospective
pharmacists to ensure that these numbers shift in a positive
direction in the future.

There are limited data available on the perceptions
of pharmacy students on the topic of pharmacogenomics.
Of the few studies that have been completed to date, one
2013 study indicated that a majority (75.3%) of phar-
macy students at the University of Minnesota (UMN)
agreed that pharmacogenomics should be an important
part of their curriculum, yet only 13.1% perceived that
it was.8 Furthermore, approximately 90% of pharmacy
students believed that they should be required to be
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knowledgeable about this subject and once in practice,
they should be able to identify medications requiring
genetic testing, which was a higher percentage than both
medical and nursing students.8 Only approximately 13%
of pharmacy students at UMN agreed that they knew
which medications required pharmacogenomics testing.
However, those that indicated that they had taken classes
connecting genetics to pharmacy were more likely to
agree that they were knowledgeable about the subject
and comfortable with the application of pharmacoge-
nomics.8 Interestingly, of the three fields of health care
students surveyed, pharmacy students appeared to feel
more responsible for being knowledgeable about phar-
macogenomics. A second 2012 study surveying students
across pharmacy programs in California reported that
while almost all pharmacy students were aware of what
pharmacogenomics was, and perceive that it will be im-
portant for future pharmacists, they were neutral in
regards to pharmacists being prepared to have a role in
pharmacogenomics.9

Since the early 2000s, several organizations, includ-
ing the American Association of Colleges of Pharmacy
(AACP), have recommended that pharmacy programs in-
clude education on the topic of pharmacogenomics in
their curricula and have outlined competencies related
to genetics that should be achieved by pharmacists.10 In
an effort to further promote the inclusion of pharmacoge-
nomics education in pharmacy programs, the latest accred-
itation standards (“Standards 2016”) provided by the
Accreditation Council for Pharmacy Education (ACPE),
include pharmacogenomics as a required element of the
didactic Doctor of Pharmacy Curriculum.11 Furthermore,
ACPE emphasizes that this cannot be an elective compo-
nent of the curriculum and should be taught at an appro-
priate level for students to retain and apply their knowledge
to patient care in various practice settings.”11Additionally,
in the American Society of Health-System Pharmacists
(ASHP) Statement on the Pharmacist’s Role in Clinical
pharmacogenomics, they encourage both pharmacoge-
nomics education and use of genetics by pharmacists when
making therapeutic decisions.12

Despite these recommendations, not all pharmacy
programs currently offer courses in genetics and pharma-
cogenomics. A study conducted among U.S. pharmacy
schools in 2010, revealed that 89.3% of pharmacy schools
offered pharmacogenomics in their PharmD curriculum.
However, only 21.7% of PharmD curricula had a stand-
alone required didactic course in the area. Further, only
56.5% of schools offered more than ten didactic hours on
this topic and 53.3%of pharmacy programs named the pres-
ent state of pharmacogenomics instruction at most schools
of pharmacy as “poor”.13 A 2016 study found that this had

increased slightly, with 35% of pharmacy programs having
a required standalone pharmacogenomics course in the cur-
riculum, with new programs being more likely to have a
required course than older programs.14 Although there has
been growth in pharmacogenomics education, especially as
new pharmacy programs are opening, there is still room for
modification— and addition— of pharmacy education in
this area. There is still the question of how much and what
type of exposure to pharmacogenomics is effective for stu-
dents to obtain the knowledge, skills and comfort required to
apply these principles to patient care. Thus, data indicating
the usefulness of such courses, as well as information on
their objectives and layout, may be helpful in making cur-
ricular decisions on this topic.

AtWesternNewEnglandUniversity (WNE), there is a
required standalone didactic 2 credit hour course entitled
Principles of Genetics and Pharmacogenomics during the
Spring of PY1 year. The course learning objectives aim to
provide proficiency in understanding the mechanisms by
which genetic inheritance can lead to disease, understanding
howgenetic variations can affect basic pharmacokinetic and
pharmacologic principles, predicting treatment regimens
that may be influenced by an individual’s genomic compo-
sition with use of case-based application and The Pharma-
cogenomicsKnowledgebase (PharmGKB) andTheClinical
Pharmacogenetics Implementation Consortium (CPIC)
guidelines as resources, and weighing the benefits of using
patient genetic information with the social and ethical con-
sequences that may arise. In addition, all of the core com-
petencies perceived to be important toUSpharmacy schools
and colleges that responded to a survey onpharmacogenom-
ics andpharmacogenomics education in 2010 are covered.13

According to the abovementioned studies, the existence of a
required course in pharmacogenomics occurs in about one-
third of colleges of pharmacy across the country.14 Thus, in
order todevelop someperspectiveon theeffectivenessof the
course, as well as retention of the information after the
course was completed, the authors investigated student per-
ceptions of their knowledge and the use of genetic informa-
tion in medication therapy while training in the program.

METHODS
Study participants were Doctor of Pharmacy stu-

dents at Western New England University College of
Pharmacy. Participants were introduced to pharmacoge-
nomics during the spring semester of the first professional
year in the required course, Principles of Genetics and
Genomics. All surveys were reviewed and approved
(exempted) by the Western New England University In-
stitutional Review Board.

An online survey was designed to collect information
on the perceptions of knowledge and of the importance
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of pharmacogenomics in the clinical setting of first year
pharmacy students. Several of the survey questions were
adapted from questions reported in earlier studies.8,15

Additional questions were developed by the authors. The
survey link was distributed, via email, to PY1 (first profes-
sional year) PharmD students during the first week (pre-
survey) and after the last week (post-survey) of the required
pharmacogenomics course. The pre-survey was issued to
the first class of students in January 2014, the second in
January2015, and the third in January2016.Thepost-survey
was issued after the last course lecture of the same 3 years.
The pre- and post-surveys were identical in content, and
answers to questions were paired from the pre-survey to
the post-survey, based on a code known only to the respon-
dents, in order to assess changes in respondents’ perceptions.
The questionnaire included items that assess respondents’
views on the relevance and importance of pharmacogenom-
ics to clinical patient care settings, items on comfort level in
interpreting and applying genetic information to individual
patients in clinical practice, and a few demographic items
(gender, ethnicity, age, educational background, and phar-
macy experience). Students were given 0.5% bonus on their
final grade for the course for each completed survey.

An analogous follow up online survey tool was
designed to collect information on the inclusion of phar-
macogenomics in later courses and experiential work, as
well as student comfort level and perception of their abil-
ities upon encountering the topic in other academic or clin-
ical situations. The survey included many of the same
demographic, perception, and comfort items as the PY1
questionnaire. The survey link was distributed in the
2015-2016 academic year via email to PY2, PY3, and
PY4 students, who had completed at least three modules
of the integrated therapeutic courses [renal, respiratory,
and cardiovascular I, Integrated Patient Care and Patient
Management (IPC&PM)modules]. Therefore, they had all
previously taken the required Principles of Genetics and
Pharmacogenomics course up to three years previously.
Students were contacted up to 3 times, with each date of
contact being at least 6 weeks apart. No compensation was
provided for PY2-4 students who completed the survey.
Due to the timing of administration of the surveys, the PY2
and PY3 students had previously had the opportunity to
participate in the pre/post-surveys, while the PY4 students
were only able to participate in the followupquestionnaire.
Items regardingwhich other courses in the PharmD curric-
ulum included pharmacogenomics instruction (a list of 26
required courses and one elective fill in option was pro-
vided) and whether the respondents have encountered
pharmacogenomics in clinical practice were included. Be-
cause respondents were asked to indicate which courses in
the curriculum included pharmacogenomics content, but

not all students had completed all courses, percentages
were adjusted based on their place in the curriculum and
the courses presented here were filtered to include those
that were selected by at least 20% of respondents. The two
surveyswere 27or 18 questions in length, respectively, and
required approximately 5 to 10 minutes to complete.

All data collected were anonymous. Data were col-
lected using the online survey software and questionnaire
tool, SurveyMonkey. Answers to all Likert scale questions
were transformed to numerical data (disagree51, neither
agree nor disagree52, and agree53). Statistical analyses
and comparisons were performed utilizing Graphpad Prism
Software (Version 6.0f, La Jolla, CA). Means and standard
deviations were calculated for numerical data, which were
then tested for normality through theD’Agostino&Pearson
omnibus normality test.Wilcoxon Rank Sum test (paired or
unpaired depending on the questionnaire) was used to de-
termine significant differences (p,.05) between groups. A
post hoc power analysis was completed using G*Power
(Version 3.1 Dusseldorf, Germany) statistical software
and found to be 93% for the pre/post survey and 95% for
the follow-up survey, bothwith a relatively small effect size
(.25).16 Slight differences arose in the responses from the
various groups of PY1-PY4 students. However, statistically
there are no differences between the years when comparing
similar data and therefore all PY1 responses were grouped
together and PY2-PY4 responses together when determin-
ing if student perceptions changed over time.

RESULTS
The response rate for the PY1 pre- and post-surveys

(completion of both surveys based onmatching of a unique
code) was 84% in 2014, 88% in 2015, and 79% in 2016.
The response rate for the survey in second, third, and fourth
year studentswas 61.8% in PY2, 55.4% in PY3, and 64.3%
in PY4 groups. Table 1 provides a summary of demo-
graphic information among the respondents from the
PY1 pre/post surveys. In all three PY1 groups, themajority
of students were female (57.1, 69.2, and 62.5%), of youn-
ger age (17-24 years 82.6, 86.4, and 80.7%), white (82.5,
78.8, and 75.4%), had only completed pre-pharmacy/pre-
requisites (73, 78.8, and 71.4%), and worked for a retail
chain pharmacy (71.4, 56.1, and 58.9%).

The WNE PharmD program is considered a 2/4 pro-
fessional program with most incoming students having
either 2 years of pre-pharmacy education (at WNE, the
pre-pharmacy curriculum does not include a genetics
course) or a four year Bachelor of Science degree. The
majority of the students had not taken a genetics course in
the past, but learned some genetics in their basic science
courses (73, 82, and 68%) (Table 1). There were some
students (3, 3, and 4%), however, who had never learned
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about genetics. For those that had some genetics education
previously, very few (3, 9, and12%) reported that it included
the application of genetics to pharmacy (Table 1). There
wereno significant differences seen in response to additional
survey questions described below based on the amount of
previous genetic education the students had completed.

Students’ attitudes and beliefs toward pharmacoge-
nomics were also evaluated (Table 2). When first asked if
drug effects could be altered by genetic variability in
patients, 96.2 and 99.5 agreed with this statement before
and after taking the course, respectively. When asked
whether “pharmacogenomics is relevant to patient care”
and “pharmacogenomics can improve patient care,” most
students agreed in both the pre-survey (95.7%) and the
post-survey (98.4%). In 2015 and 2016 students were also
given a scenario in which their patient presented with

intestinal bleeding after recently being prescribedWarfa-
rin. Students were asked to respond by stating whether
they agreed that as a pharmacist they would suggest or-
dering genetic tests to determine whether the warfarin
treatment should be changed (Table 2). An increase in
the number of students that agreed they would have ge-
netic testing completed in the post-survey (90.2%) was
seen, as compared to the pre-survey (40.7%). These find-
ings suggest pharmacy students understand that pharma-
cogenomics may be helpful for inpatient care, but only
after taking a course in pharmacogenomics do they un-
derstand the clinical applicability. Although students per-
ceive that pharmacogenomics is relevant to and can
improve patient care that does not mean that they neces-
sarily hold themselves, as pharmacists, accountable to be
knowledgeable in this area. To assess their perceptions of

Table 1. Demographics and Genetics Education Background of PY1 Students

2014
% (n=74)

2015
% (n=66)

2016
% (n=57)

Gender
Male 42.9 30.8 37.5
Female 57.1 69.2 62.5

Age
17-20 41.3 36.4 36.8
21-24 41.3 50.0 43.9
25-30 15.9 10.6 15.8
31-40 1.6 3.0 3.5

Race
White 82.5 78.8 75.4
Black or African-American 6.3 1.5 10.5
Asian 7.9 9.1 10.5
Hispanic 1.6 1.5 1.8
Multiple races 1.6 6.1 1.8
Other 3.0

Highest level of education completed
Pre-pharmacy/prerequisites 73 78.8 71.4
Bachelor’s degree 23.8 21.2 28.6
Master’s degree 1.6
Other 1.6

Work experience in pharmacy
Retail chain 71.4 56.1 58.9
Retail independent 7.9 13.8 10.7
Hospital 6.3 13.8 10.7
Ambulatory 1.6 1.5
Other (eg, industry) 3.2 3.0 1.8
None 9.5 12.1 17.9

Genetics education background
Taken .1 genetics course 5.4 3.0 3.5
Taken 1 genetics course 18.9 12.1 24.6
Learned some genetics in basic sciences 73.0 81.8 68.4
Never learned about genetics 2.7 3.0 3.5
Past education covered application of genetics in pharmacy 2.7 9.1 12.3
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this aspect they were asked to respond to the following two
statements “once in practice, I should be able to answer pa-
tient questions on pharmacogenomics” and “once in practice,
I should be able to provide drug therapy recommendations
based on previously obtained patient genetic information.”
While many students agreed to these statements prior to tak-
ing the course (74.2 and 74.6%), there was a shift toward
agreement that they should be involved in pharmacogenom-
ics use once in practice, after they had completed the course
(87.1 and 87.9%, p5.0007 and p5.0012) (Table 2). Next,
the authors wanted to determine whether student percep-
tion of their abilities to interpret and apply genetic infor-
mation had changed once they completed the Principles in
Genetics and Pharmacogenomics course. When assessing
students’ comfort level in interpreting information from a
pharmacogenomics test, there was a significant increase in
the number of students that agreed that they were comfort-
able after taking the course (52.7%) as compared to before
(5.9%) (Table 2). Similarly, the number of students that
agreed with the statement, “I can apply information from a
pharmacogenomics test to medication selection, dosing, or
monitoring” also increased substantially between the pre-
survey (9.7%) and post-survey (80.1%) (Table 2). These
results indicate theutility of a pharmacogenomics course to
adequately prepare pharmacy students to make clinical de-
cisions linking genetics to therapeutic response.

The Principles of Genetics and Genomics course at
WNE is during the spring of PY1 year. Thus, the authors
investigated whether students were encountering pharma-
cogenomics inother courses later in the curriculum,whether
they observed its use in the pharmacy or clinic, andwhether
their perceptions changed as they approached graduation
(Table 3). When second, third, and fourth year PharmD
students were surveyed, (84.2% responded that they had
been taught pharmacogenomics at a memorable breadth
and depth in at least one course since the PY1 Principles
in Genetics and Pharmacogenomics course. Conversely,

only 21.8% of students responded that they had observed
pharmacogenomics used in pharmacy practice. Despite this
lack of exposure in clinical settings,most students still agreed
that the course was important to their education (94.6%) and
the field of pharmacogenomics is growing in pharmacy prac-
tice (88.5%).

To determine if students’ perceptions on the rele-
vance of pharmacogenomics to patient care changed from
their PY1year, studentswere asked if they agreedwith the
statement, “pharmacogenomics is relevant to patient care
and can improve patient outcomes.” and almost all students
still agreed (93%) (Table 2). PY2-4 students were then
asked if they agreed with the statements, “once in practice,
I should be able to answer patient questions on pharmaco-
genomics” and “once in practice, I should be able to pro-
vide drug therapy recommendations based on previously
obtained patient genetic information.” Interestingly, agree-
ment regarding answering patient questions returned
nearly to baseline (77.7%, 74.2% PY1 Pre-Survey), while
agreement regarding providing therapy recommendations
remained significantly higher than prior to taking the Prin-
ciples in Genetics and Pharmacogenomics course (85.3%,
74.6% PY1 Pre-Survey) (Table 2). When questioned
whether they were comfortable with interpreting genetic
test results (35.4%, 5.9%PY1pre-survey, 52.7%PY1post-
survey) or applying that information tomedication therapy
(69.8%, 9.7% PY1 Pre-survey, 80.1% PY1 post-survey),
PY2-4 students were less comfortable than they had been
immediately upon completion of the course, but they were
still significantly more comfortable in the application of
pharmacogenomic information than they had been before
taking the course (Table 2). Finally, the authors obtained a
list of 18 required courses that occur later in the curriculum,
which touch upon pharmacogenomics concepts (Table 4).
The majority of these courses are integrated therapeutics
modules (72.2% of required courses reported), which in-
dicates that faculty are at least mentioning genetic factors

Table 3. Reintroduction and Use of Pharmacogenomics, and Perceptions of Importance of Pharmacogenomics to PY2-4 Students

PY2-4 Responses
N=133 Yes (%) No (%)

Survey Question
Have you been taught pharmacogenomics at any level in any course
since the genetics and genomics course?

84.2 15.8

Have you seen genetics/pharmacogenomics used in pharmacy
practice?

21.8 78.2

Agree (%) Neither Agree nor
Disagree (%)

Disagree (%)

This course was important to my pharmacy education. 94.6 5.4 0.00
Pharmacogenomics is a growing field in the practice of pharmacy. 88.5 10.8 0.8
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as they are teaching about the use of specific therapies in
various disease states.

DISCUSSION
In spite of the numerous advances in personalizedmed-

icine over the last decade, a knowledge gap in pharmacoge-
nomics education and its use in clinical practice still exists.3

Having a required, stand-alone pharmacogenomics course,
similar to ours atWNEmayhelp to overcome this issue. The
purposeof this studywas todetermine the influenceof sucha
course on pharmacy student perception of their knowledge,
as well as its clinical importance and their roles in utilizing
genetic information in medication therapy. Furthermore, it
aimed to determine whether students are exposed to phar-
macogenomic principles later in the curriculum and how
their perceptions changed, as they progressed through the
Doctor of Pharmacy program. Based on student perceptions
it appears the course is effective. Although students indicate
that they have basic knowledge and understand the rele-
vance of genetic testing and pharmacogenomics prior to
the course, the course appears to provide themwith specific
understanding of pharmacogenomics in the clinical setting
and their potential role as pharmacists in this field. This
agrees with the findings of Moen and colleagues where
90% of pharmacy students agreed that pharmacogenomics
could improve patient care, yet only 30%of respondents had

taken a standalone course on the topic. Furthermore, approx-
imately 70% of respondents in that study were not comfort-
ablewith their knowledge on the subject, which incidentally
is the same percent that had not taken a pharmacogenomics
course.8 Future studiesmay elucidate the role of recent phar-
macy graduates that have had pharmacogenomics education
in advocating for its use clinically and educatingmore senior
practitioners on the benefits of personalized medicine.

It is worth noting that although the course described
herein does appear to enhance the confidence of most stu-
dents to interpret and apply genetic and pharmacogenomic
information, there is still a small subset that do not feel
comfortable in their ability to use genetic information as
a pharmacist after the course. Due to the anonymous nature
of the survey, responses could not be correlated with stu-
dent performance. It is possible that students who per-
formed poorly in the course are less comfortable in their
knowledge and skills upon completion of the course. Thus,
the results that were obtainedmay partly be due to inherent
capabilities of the students. It is also reasonable to conclude
that didactic coursework can only prepare the students to a
certain degree, emphasizing the need for clinical, labora-
tory, and/or simulation types of coursework. In support of
this, recent reports of courses using personal genetic test-
ing, laboratory based elements (genotyping exercises of
and/or by the students themselves), or simulation software

Table 4. List of Courses in Second, Third, and Fourth Years of the Curriculum that Touch upon Pharmacogenomic Principles as
Reported by PY2-4 Students

Course Name
PY2-4 responses

% (N=133)

Principles of Pharmacokinetics 39.06
Principles of Pharmacology 58.59
Principles of Medicinal Chemistry 41.41
IPC&PM Renal 48.44
IPC&PM Respiratory 46.09
IPC&PM Cardiovascular System I 52.34
IPC&PM Cardiovascular System II 49.22
Applied Pharmacy Care I 23.44
IPC&PM Gastrointestinal/Nutrition/Hepatic/Pancreatic 58.14
IPC&PM Endocrine/Reproductive/Genitourinary 54.65
IPC&PM Infectious Diseases I 43.02
IPC&PM Infectious Diseases II 47.67
Applied Pharmacy Care II 20.93
IPC&PM Dermatological/Musculoskeletal 38.00
IPC&PM Neurological/Central Nervous System 32.00
IPC&PM Psychological 38.00
IPC&PM Hematological/Oncology 56.00
IPC&PM Special Populations 22.00
Elective(s) 26.56

Abbreviations: IPC 5 Integrated Patient Care. PM 5 Patient Management. IPC and PM courses are system/disease state based integrated
pharmacology, medicinal chemistry, and therapeutics modules
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indicate a better understanding and retention of informa-
tion after the course.17-22

Due to the Principles in Genetics and Pharmacoge-
nomics course at WNE taking place early in the curricu-
lum, students have not completed any of the pharmacology
or integrated therapeutics courses yet. Furthermore, while
most respondents had learned some genetics in other basic
science courses, they did not cover pharmacogenomics,
and several students hadnotpreviously learnedanygenetics
at all. To deal with this broad spectrum of prior knowledge,
the coursedoesprovidebasic genetic, pharmacological, and
pharmaceutical principles, which are then linked to phar-
macotherapy and pharmacogenomics. However, there is a
concern that since students have not completed their thera-
peutics courses this may prevent their ability to fully grasp
the clinical implications of pharmacogenomics. Impor-
tantly, it was found that many of the integrated therapeutics
courses in the curriculum included pharmacogenomic con-
cepts in their content. This curricular placement may pro-
vide a foundationof pharmacogenomics earlyon that canbe
built upon through upper level didactic coursework and
potentially introductory and advanced pharmacy practice
experiences (IPPEs and APPEs) as well.

This is supported by the results indicating that stu-
dents maintain an understanding of their responsibility to
use and interpret pharmacogenomics information tomake
therapeutic recommendations. It is likely that regular re-
iteration of pharmacogenomics throughout the curricu-
lum has some influence in maintaining the knowledge
and skills students acquired in their first year, especially
considering the minimal exposure they have had in the
pharmacy. This conclusion is in line with the recommen-
dation from Vaksman and colleagues that a program of-
fering pharmacogenomics coursework earlier in the
curriculum and continuing to apply the concepts through
constant reinforcement is most likely to cultivate and sus-
tain student interest in the field and potentially increase
the number of pharmacy practitionerswith this expertise.9

There is always a concern of having enough time in a
course to cover all necessary material. The most realistic
scenariowhen it comes to the inclusion of pharmacogenom-
ics in a course is to present relevant information as eachdrug
is introduced. This could be completed in a similar manner
to incorporation of new therapies, side effects, or resistance
mechanisms in the course content, which may provide a
more organic process than identifying large portions of ma-
terial to remove to fit pharmacogenomics into non-stand-
alone courses. Although the feasibility of using this process
is likely to be greater if the curriculum includes a required
pharmacogenomics course earlier in the curriculum as de-
scribed here. Future research focusing on the depth and
breadth of pharmacogenomics taught in these other courses

may be useful in clarifying the time and effort that are re-
quired to incorporatepharmacogenomics into anestablished
curriculum. For example, some disease states, such as on-
cology, are more likely to be treated with therapies where
patient response is linked to genetics, potentially increasing
the amount of time required to cover pharmacogenomics in
those courses than in others.

Theonly student perception that increased significantly
upon completion of the course, but then subsequently de-
creased back to baseline as students progressed through the
curriculum was the concept that as practicing pharmacists
they should be able to answer patient questions regarding
pharmacogenomics. This may be explained by their re-
sponses to two other items, which indicated that they have
not observed pharmacogenomics use in practice and that
their pharmacyexperience is primarily in retail settings.This
is not surprisingconsidering ina2013ASHPnational survey
of pharmacy practice in hospital settings, only 7% of re-
spondent hospitals provide pharmacogenomic testing,
which was actually an increase from 2.7% in 2009 and is
conceivably higher than in most retail pharmacies.23 Stu-
dents are unlikely to have observed pharmacists answering
patient questions on this topic, which may result in their
altered perception of their role over time. As the use of
personalized medicine becomes more common, it is antici-
pated that pharmacists in various settings will increasingly
be required to counsel patients on pharmacogenomics.

Importantly, according to theASHPFoundationPhar-
macy Forecast for 2015-2019, it is likely that academic
medical centers across the U.S. will begin implementing
formal pharmacogenomics services for their patients
within this timeframe.24 Pharmacogenomics implementa-
tion may also be moving in the direction of retail pharma-
cies, especially now that certain pharmacies sell kits for
direct to consumer genetic analysis. In addition, a 2015
study among five community pharmacies found that the
delivery of pharmacogenomic testing in a community
pharmacy setting appears feasible, however pharmacist
training and access to clinical support may be needed.25

Other studies are assessing the feasibility of adding phar-
macogenomic testing to medication therapy management
provided by pharmacists.26,27 It is likely that as clinical and
retail settings begin to implement pharmacogenomic test-
ing and students are being exposed to its merits in helping
patients, there will be less uncertainty of their role in
responding to questions regarding pharmacogenomics
and its use. In support of this, as students progress through
the program, theyagree that this is an important part of their
education and they believe that pharmacogenomics is a
growing field within pharmacy practice.

There are several limitations to this study design that
should be noted. For the surveys completed by PY1
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students, there could have been somebias as they received
bonus credit for completing the surveys. This was done to
increase the response rate, which was the case as com-
pared to the surveys where respondents did not receive
any compensation. To reduce the potential for bias, the
participants who answered the surveys were anonymized.
Another limitation of this study was that the range of the
Likert scale was confined to three choices, whereas many
studies use a 5-point scale. The reason for doing this was to
limit the subjectivity that can occur with the use of quali-
fying adjectives used in 5-point scales. Furthermore, this
study focused only on the perceptions of the students who
had taken the Principles in Genetics and Pharmacogenom-
ics course, not theoutcomesor efficacyof the course per se.
Finally, data from only one PharmD program housed in a
private university were reported. It is possible that the re-
sults would vary if students from different pharmacy pro-
grams across the country were surveyed.

Future studies that assess the perception and knowl-
edge of both IPPE/APPE preceptors and faculty across
pharmacy programs in the US may be helpful to gain a
clearer picture of the integration of pharmacogenomics
throughout the didactic and experiential portions of curric-
ula and determine their role in providing students with the
knowledge and skills to use pharmacogenomics as future
pharmacists. In addition, development sessions for faculty
may help not only in providing basic knowledge of phar-
macogenomics, but also provide insight into how to teach
students about this topic. According to Murphy and col-
leagues in 2010, 54.7% of pharmacy colleges had no plans
for faculty development programs in pharmacogenomics.13

However, a 2012 study involving 58 faculty from 39 phar-
macy schools demonstrated that as a result of participating
in a train-the-trainer program in pharmacogenomics, fac-
ulty member participants gained confidence in teaching
pharmacogenomics to their students, and the majority of
participants indicated a high likelihood of adopting the pro-
gram at their institution.7 Although there is no requirement
for practicing pharmacists to complete continuing educa-
tion on the subject of pharmacogenomics, it is a potential
step to ensure that pharmacyprofessors andpreceptors,who
did not have instruction on this topic previously, have the
knowledge to educate future pharmacists.6,28
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