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Objectives. To evaluate hospital and outpatient pharmacists’ pharmacogenomics knowledge before
and 2 months after participating in a targeted, case-based pharmacogenomics continuing education
program.
Design. As part of a continuing education program accredited by the Accreditation Council for
Pharmacy Education (ACPE), pharmacists were provided with a fundamental pharmacogenomics
education program.
Evaluation. An 11-question, multiple-choice, electronic survey instrument was distributed to 272
eligible pharmacists at a single campus of a large, academic healthcare system. Pharmacists improved
their pharmacogenomics test scores by 0.7 questions (pretest average 46%; posttest average 53%,
p50.0003).
Conclusions. Although pharmacists demonstrated improvement, overall retention of educational goals
and objectives was marginal. These results suggest that the complex topic of pharmacogenomics
requires a large educational effort in order to increase pharmacists’ knowledge and comfort level with
this emerging therapeutic opportunity.
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INTRODUCTION
Since the human genome project was completed in

2003, pharmacogenomics has become a rapidly expand-
ing area of science that blends molecular pharmacology
and genomics.1 This burgeoning field investigates the im-
portant contribution of genetic inheritance in thevariability
of drug response. 2,3Awide rangeofmedication effects can
beexplainedbygenomicdifferences,which includebut are
not limited to toxic adverse effects and lack of efficacy.

The United States Food and Drug Administration
(FDA) added pharmacogenomics testing requirements
for several drugs, including cetuximab, dasatinib,maraviroc,
and trastuzumab, and has recommended testing for abacavir,
carbamazepine, mercaptopurine, and irinotecan, among
others.4 In 2007, the FDA changed warfarin labeling to

include pharmacogenomics testing considerations, and
in 2010, announced the addition of a black-box warning
for clopidogrel based on pharmacogenomics metabo-
lism concerns.5,6 The FDAalso has updated the pimozide
drug label to include dosing information for CYP2D6
poor metabolizers.7 These labeling changes are among
the first tangible steps toward individualized medication
dosing based on a patient’s genetic information.

Rapid technological advancements in molecular
pharmacology and genetics are facilitating the push to
translate laboratory discoveries to the patient bedside.
As drug experts and point-of-care providers, pharmacists
are well-positioned to lead this new era of individualized
medicine.8,9 Pharmacogenomics has moved beyond the
limited confines of a laboratory environment and now rep-
resents an opportunity for clinical pharmacists to deliver
enhanced patient care at the bedside and at the outpatient
pharmacy window in an integrated clinical manner.10-12

An assessment of the pharmacogenomics educational
needsof hospital andoutpatient pharmacistswasperformed
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to facilitate the development of a pharmacogenomics
educational program.13 Results of the needs assessment
showed that although pharmacists believed that pharmaco-
genomics knowledge was important to the pharmacy pro-
fession, they lacked the knowledge and self-confidence to
make therapeutic recommendations based onpharmacoge-
nomics test results.13 Similarly, a community pharmacy
survey found that pharmacists were not confident in their
knowledge of genetic testing and pharmacogenomics.14

These results suggest that pharmacists would benefit from
a clinically relevant pharmacogenomics educational pro-
gram. Using this information as background, the objective
of this study was to measure the impact of a case-based
pharmacogenomics education program for pharmacists at
1 campus of a large, academic, multicampus healthcare
system.

DESIGN
A previously conducted needs-assessment survey

guided the development and delivery strategies for a
case-based educational program.13 The pharmacy depart-
ment at Mayo Clinic, Rochester, Minnesota, mandated
the educational program for inpatient, outpatient, and ad-
ministration pharmacists located on the study campus.
The required educational program consisted of a 1-hour,
case-based presentation focusing on fundamental princi-
ples of pharmacogenomics, including metabolic, labeling,
and genomic considerations. The learning objectives for
the fundamentals-of-pharmacogenomics education pro-
gram included that participants be able to justify the im-
portance of pharmacogenomics in pharmacy practice;
explain pharmacogenomics concepts; evaluate pharma-
cokinetic alterations caused by polymorphisms; describe
tests for pharmacogenomics issues; and specify FDA la-
beling requirements for pharmacogenomics. The concepts
of pharmacogenomics were explored through patient cases
based on drug-gene pairs including: abacavir (HLA-B*5701),
mercaptopurine (thiopurine methyltransferase), warfarin
(CYP2C9 and VKORC1), and codeine and tamoxifen
(CYP2D6).

The Accreditation Council for Pharmacy Education
(ACPE)-accredited educational program was presented
live on 3 different occasions at various campus locations.
The educational program was Web-cast by means of the
campus intranet and was recorded and Web-archived for
pharmacists who were unable to attend the live presenta-
tions because of schedule conflicts. Six additional non-
mandatory 1-hour specialty lectures accredited by the
Minnesota State Board of Pharmacy were subsequently
offered to the pharmacists. The topics of these pharmaco-
genomics presentations included psychiatry, anesthesiol-
ogy/pain, critical care, infectious diseases, hematology/

oncology, and cardiology. The lectures (live and Web-
archived) were available to pharmacists during the 2-month
window between the mandatory lecture and administra-
tion of the post-education survey instrument.

EVALUATION AND ASSESSMENT
As part of an ACPE-accredited continuing education

program, pharmacists provided an evaluation of the fun-
damental pharmacogenomics education program to fulfill
their educational requirement. These results were col-
lected and evaluated to ascertain the pharmacists’ percep-
tionsof thequality of theprogramaswell as their acceptance
of it.

Prior to initiating the study, the institutional review
board granted the study exempt status. An 11-question,
multiple-choice, electronic survey instrument was devel-
oped in collaboration with the institutional survey re-
search support center. The survey was composed of 2
sections. The first section, which was administered to
both pre- and post-education groups, contained 10 knowl-
edge questions about fundamental pharmacogenomics
concepts, metabolism, FDA pharmacogenomics testing
and labeling, and 1 yes/no question regarding provision
of pharmacogenomics information to healthcare profes-
sionals or patients in the previous 2-3 months. Each
knowledge question had 4 possible answers. The second
section of the survey instrument, which was administered
only to the post-education group, assessed demographic
information, including primary pharmacy practice setting
(hospital/inpatient, ambulatory/outpatient, administration,
other), amount of time hospital/inpatient spent at the pa-
tient bedside (less than 25%, 25%-50%, 51%-75%ormore
than 75%), pharmacy practice years, attendance at addi-
tional expertise pharmacogenomics lectures (yes/no), and
whether education was considered a valuable opportunity
(yes/no). The survey was reviewed and critiqued by the
institutional survey research support center. Six pharma-
cists reviewed and field-tested the survey instrument for
question refinement and enhancement of content validity.

The survey instrument was administered in amatched
fashion at baseline prior to pharmacogenomics education
and 2 months after delivery of pharmacogenomics educa-
tion to a target population of hospital, outpatient, and ad-
ministrative pharmacists on 1 campus of a large, academic,
multicampus healthcare system. The study campus in-
cluded 2 hospitals with approximately 2,000 beds and
a network of 6 outpatient pharmacies, and served more
than 318,000 patients in 2010.15

E-mail addresses for all pharmacists on the study
campus (N5272) were verified and collated into a distri-
bution list. The internal survey research support center
administered the matched survey instruments to maintain
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participant anonymity. Pharmacists received an e-mail
invitation to participate that included a Web link to the
survey instrument. Pharmacists who did not participate in
the pre-education survey were removed from the post-
education survey e-mail distribution list to ensure that
only matched pre- and post-education survey instruments
were evaluated for results. Two reminder e-mails were
sent to nonrespondents, and the surveywas closed 13 days
after the initial survey invitation was issued. A 2-month
period was selected as the timeframe to be evaluated for
retention of pharmacogenomics education. After delivery
of a case-based educational program, pharmacists who
had participated in the pre-education survey were invited
to complete the post-education survey instrument. Simi-
larly, 2 reminder e-mails were sent to nonrespondents,
and the survey was closed 14 days after the postsurvey
invitation was sent. Pharmacists who did not respond to
the post-educational survey instrument were excluded
from data analyses.

Each of the 10 knowledge items on the pre- and post-
education survey instruments was scored as correct or
incorrect, with missing items scored as incorrect. The
overall scorewas calculated for each respondent and sum-
marized over all respondents. To investigate the degree of
improvement among the respondents, McNemar’s test
was used to compare the percentage of correct responses
for each item on the pre-education survey instrument com-
pared with that of the post-education instrument. The
difference in the average score between pre- and post-
education survey instruments was analyzed with the
Wilcoxon signed-rank test. The average scores at each
time point as well as the difference in scores between
pre- and post-education survey instruments were com-
pared between practice setting groups using Kruskal-
Wallis tests. Cochran-Armitage tests for trend were
performed to observe whether the scores increased or de-
creased over years of experience or by amount of bedside
time (ordinal). P values of less than 0.05 were considered
significant. All analyses were conducted using SAS ver-
sion 9 (Cary, NC).

Two hundred seventy-two electronic survey instru-
ments containing 11 multiple-choice test questions were
distributed prior to the pharmacy department-required
educational program on pharmacogenomics. Two hun-
dred thirty-three pharmacists participated in the program
during the study period and were eligible to participate in
thematched surveys. One hundred eighty-six pharmacists
(68%) completed the pre-education electronic survey in-
strument and thus were eligible to participate in the post-
education survey 2 months later. Eighty-six pharmacists
completed the paired survey instruments; however, 2
pharmacists’ responses were removed from the analyses

because 1 of the pharmacists did not answer any of the
scored questions on 1 survey instrument and the other’s
e-mail/employee identification could not be verified.
Therefore, 84 pharmacists (31% of the original 272) com-
pleted pre- and post-education survey instruments that
could be matched.

Of those who completed both survey instruments,
pharmacist practice years varied: 38 (46%) had been in
practice for 5 or fewer years; 16 (19%) for 6 to 10 years;
and 29 (35%) formore than 10 years. Amajority (62%) of
survey respondents were hospital pharmacists. Baseline
characteristics are shown in Table 1. Survey items and
quantified responses are listed in Table 2.

Table 1. Demographic Information for Pharmacists on
a Single Campus of a Large, Academic Multicenter
Healthcare System

Characteristic No. (%)

Total Survey Respondents
(of the original 272 respondents
who received the survey)

84 (30.9)

Primary Setting

Hospital/inpatient 52 (61.9)
Ambulatory/outpatient 23 (27.4)
Administration 7 (8.3)
Other 2 (2.4)

Time at the Bedside
(hospital/inpatient only)a

,25% 31 (60.8)
25 to 50% 11 (21.5)
51 to 75% 3 (5.9)
.75% 6 (11.8)

Practice Experienceb

Less than 1 year 6 (7.2)
1 to 5 years 32 (38.6)
6 to 10 years 16 (19.3)
11 to 20 years 16 (19.3)
21 to 30 years 7 (8.4)
. 30 years 6 (7.2)

Additional Lecture Attendancec

Yes 43 (51.8)
No 40 (48.2)

Did the educational series provide the
opportunity to expand
pharmacogenomics knowledge?

Yes 80 (95.2)
No 4 (4.8)

a Not all participants responded to this item (N551 out of 52 hospital/
inpatient pharmacists).
b Not all participants responded to this item (N583).
c Nonmandatory pharmacogenomics lectures included psychiatry,
anesthesiology/pain, critical care, infectious diseases, hematology/
oncology, and cardiology.
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Table 2. Respondents’ Cumulative Correct Responses to Educational Survey Items (N584) Comparing the Pre-Education
(Baseline) vs Post-education (2 Months Later) Results and Application of Pharmacogenomic Knowledge in Practice

Correct Responses, %

Survey Items
Pre-education

Survey
Post-education

Survey Pa Domainc

1. Mr. Smith begins a standard dose of 5 mg/day of warfarin. Five
days later, he presents to the hospital with an intracranial bleed and
an INR of 10. In addition to reviewing his clinical factors and test
results for VKORC1, what pharmacogenomics test is relevant to
his drug therapy? (Choices: UGT1A1, CYP2C9, CYP2C19,
CYP3A4)

52.4 65.5 0.03 M

2. The FDA recommends patients undergo pharmacogenomics
testing prior to initiation of therapy for which of the following
medications? (Choices: mercaptopurine, tacrolimus, atenolol,
diazepam)

76.2 95.2 ,0.001 L

3. Which of the following drug and clinical side effects pairs may
result from a known genetic variant, also known as a single
nucleotide polymorphism (SNP)? (Choices: cetuximab and
neutropenia; codeine and poor analgesic response; azathioprine
and hypertension; all of the above)

32.1 b 54.8 0.003 F

4. In patients receiving nortriptyline for depression, when should
a pharmacist recommend pharmacogenomics testing? (Choices:
always prior to therapy initiation; always after the patient has
reached drug steady state; only if the patient experiences side
effects; always after the patient has therapeutic effect)

83.3 84.5 0.76 M

5. Mrs. Snow had genetic testing for CYP2D6 and the results indicate
she is a poor metabolizer. Her insurance company has received
the test results. Should she be concerned that they are aware of her
test results? (Choices: No, it’s protected health information; No,
it’s a routine test that is standardly reimbursed; Yes, she might be
labeled at risk for increased warfarin bleeding; Yes, she might be
labeled at risk for failure of depression therapy)

10.7 15.5 0.32 ELSI

6. In a European Caucasian population, what percentage reflects the
total combined estimate of CYP2D6 poor metabolizers and
ultra-rapid metabolizers? (Choices: 5%, 15%, 45%, 70%)

64.3 65.5 0.86 F

7. Which of the following drugs does FDA require
pharmacogenomics testing? (Choices: cetuximab, abacavir,
warfarin, irinotecan)

48.8 b 26.2 ,0.001 L

8. An adult patient is taking oral codeine 30 mg daily and
experiencing significant sedation, euphoria, and
dyspnea. Assuming the patient has a genetic variant impacting her
metabolism of codeine, the patient is likely what type of codeine
metabolizer? (Choices: poor metabolizer, intermediate
metabolizer, extensive metabolizer, ultra rapid metabolizer)

22.6 48.8 b ,0.001 M

9. A woman is diagnosed with breast cancer and, as part of her
oncology regimen, she is treated with tamoxifen. She did not have
genetic testing performed before initiating treatment. What
pharmacogenomics reason would cause the treating physician to
decide to change the drug? The patient is (Choices: CYP2D6
extensive metabolizer resulting in enhanced effect; CYP2D6 ultra
rapid metabolizer resulting in lack of drug; CYP2D6 poor
metabolizer resulting in lack of drug efficacy; UGT1A1 deficient,
resulting in enhanced effect and toxicity)

34.5 38.1 0.58 M

(Continued)
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Three questions on the educational survey instru-
ment probed pharmacist knowledge of pharmacogeno-
mics fundamentals; 4 questions assessed concepts relating
to genetic variability of metabolism; 2 questions explored
knowledge of FDA pharmacogenomics testing and label-
ing requirements; and 1 question assessed ethical, social,
and legal implications of pharmacogenomics testing. On
average, pharmacists improved their correct response rate
by0.7 from thepre-education survey instrument to the post-
education survey instrument (46% vs 53%, p50.0003).
When pharmacists were asked about providing clinical
pharmacogenomics information to other professionals,
16 pharmacists reported having provided pharmacoge-
nomics information pre-education, and 21 pharmacists
reported having provided information post-education;
there was no statistical difference between groups (19%
vs 25%, p50.13). Test scores showed a trend toward im-
provement based on attendance of additional nonrequired
pharmacogenomicseducation lectures topics,but significance
was not reached (p50.056). Subgroup analyses were per-

formed to evaluate survey differences for pharmacy prac-
tice setting, hospital/inpatient pharmacist bedside time,
and pharmacy practice years.

The scores on the pre- and post-education survey
instruments as well as the degree of difference in scores
prior to and following the educational program were sim-
ilar (p50.75, p50.75, and p50.31, respectively) among
pharmacypractice settings.Table 3 presents a comparison
of pre- and post-education survey results by percentage of
time spent at patient bedside among hospital/inpatient
pharmacists. Prior to the educational program, the hospi-
tal/inpatient pharmacists with the most bedside time per-
formed the best (p50.008); however, the group with the
least bedside time improved themost between the 2 surveys
(the percentage of correct responses increased by an av-
erage of 8.4), whereas the other groups did not improve
(p50.055). Table 4 shows pre- and post-education survey
comparisons by years of practice.

There was an inverse association between pharma-
cists’ years of experience and performance on the pre- and

Table 2. (Continued )

Correct Responses, %

Survey Items
Pre-education

Survey
Post-education

Survey Pa Domainc

10. Pharmacogenomically, which isoenzyme’s polymorphisms (also
known as genetic variants) are most likely to impact drug
metabolism and clinical outcomes? (Choices: CYP3A4,
CYP2C9, CYP2C19; CYP2D6)

35.7 32.1 0.59 F

11. Have you provided any kind of pharmacogenomics information
to other healthcare professionals or patients in the past 2 to
3 months?

19.1 25 0.13 P

a McNemar’s test comparing percentage correct between pre-education survey vs post-education survey
b Not all participants responded to this item for pre-education survey questions 3 and 7 and post-education survey question 8 (N583).
c Domain areas include M5metabolism, L5labeling, F5fundamentals, and ELSI5ethical, legal, and social issues. P denotes application of
pharmacogenomics concepts in pharmacists’ practice.
Note: Missing responses were counted as incorrect.
Abbreviation: FDA5Food and Drug Administration

Table 3. Subgroup Analyses for Comparison of Pre-education and Post-education Correct Responses, by Percentage of Time Spent
at Bedside Among Hospital/Inpatient Pharmacists

Pharmacist Time Spent
at Bedside, %

Percent of Correct Survey Item Responses, Mean (SD)a

Pre-educationb Post-educationc Differenced

,25 (n531) 43.9 (13.1) 52.3 (17.1) 8.4 (17.7)
25-50 (n511) 49.1 (17.6) 47.3 (15.6) -1.8 (14.7)
51-75 (n53) 53.3 (15.3) 53.3 (20.8) 0 (10.0)
.75 (n56) 60.0 (12.7) 55.0 (25.9) -5.0 (25.9)
a Not all participants responded to this item (N551 out of total 52 hospital/inpatient pharmacists); percentage correct is calculated from 10
knowledge questions.
b p50.008
c p50.85
d p50.055
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post-education survey instruments.With increasing years
of experience, pharmacists demonstrated poorer scores on
both the pre-education survey instrument (p50.03) and
the post-education survey instrument (p50.009); how-
ever, all groups showed similar overall improvement on
survey performance (p50.55) after completing the program.

Finally, satisfaction with the mandatory pharmaco-
genomics educational program was evaluated as part of
the process to award ACPE continuing education credit.
Of the 233 pharmacists who participated in the educa-
tional program, a majority agreed or strongly agreed with
the statements that pharmacogenomics was relevant to
what pharmacists do (69%); the program increased phar-
macists’ knowledge in this area (85%); the program jus-
tified the importance of pharmacogenomics in pharmacy
practice (84%); and the program explained pharmacoge-
nomics concepts (86%). Of the 84 pharmacists who partic-
ipated in the matched educational surveys, 95% (n580)
indicated that they felt the pharmacogenomics educational
series provided them the opportunity to expand their phar-
macogenomics knowledge.

DISCUSSION
Pharmacogenomics has a growing role in drug de-

velopment and clinical therapeutics. This emerging field
of individualized medicine is based on an individual’s
unique genetic composition and aims to reduce adverse
drug effects, optimize drug therapeutics, and trim drug
costs through cost-effective therapeutic management.16

Federal agencies such as the Department of Health and
Human Services and FDA are incorporating pharmaco-
genomic dosing guidance into the labeling, development,
and approval of drugs in a manner that supports gene-
based care. Among the barriers to full clinical translation
of pharmacogenomics is the need for evidence-based algo-
rithms that guide clinicians towardoptimal deliveryofgene-
based care.17 While there are well-developed electronic
alert systems for drug interactions and allergies, informa-
tional technology systems are being developed to address

the need for evaluation of drug and pharmacogenomics
interactions.

The results of the needs assessments performed by
McCullough and colleagues and Sansgiry and colleagues
spurred our creation of a pharmacogenomics education
program for pharmacists to support their professional phar-
macogenomics interest and belief that pharmacists should
lead the pharmacogenomics revolution toward personal-
ized medicine.13,14 This task was achieved by addressing
an educational gap that was identified as a result of the
needs assessment for inpatient and outpatient pharmacists.

The educational program approach was to educate
pharmacist clinicians regarding pharmacogenomics
fundamentals and therapeutically relevant medications
for use at the patient bedside or in the ambulatory/out-
patient setting. The strategy was to prepare 1 mandatory
continuing education lecture for all pharmacists and 6
additional nonmandatory pharmacogenomics specialty
topics, including psychiatry, anesthesiology/pain, critical
care, infectious diseases, hematology/oncology, and car-
diology. The 6 nonmandatory lectures were developed to
enhance the fundamental education and reduce pharma-
cogenomic complexity by breaking the information into
smaller, more manageable educational segments. The
small, long-term educational gains of the study may sup-
port a different educational delivery strategy, ie, estab-
lishing a minimum competency requirement for each
segment to increase knowledge retention.18 Limited
knowledge retention may have been attributable to the
complex nature of pharmacogenomics or delivery of too
much information in a short timeframe, preventing mas-
tery of the topic. Other strategies to increase pharmaco-
genomics knowledge retention might include taking
smaller educational stepswith less information, providing
annual re-education on fundamental concepts, and incor-
porating familiar pharmacology and pharmacokinetics
concepts.19

The matched educational survey results were signif-
icantly different over a time period of 2 months, although

Table 4. Subgroup Analyses for Comparison of Pre-education and Post-education Correct Responses, by Years of Practicea

Years of Practice Pre-educationb Post-educationc Differenced

,1 (n56) 48.3 (9.8) 60.0 (17.9) 11.7 (18.4)
1-5 (n532) 48.1 (17.7) 55.6 (16.5) 7.5 (18.1)
6-10 (n516) 46.9 (14.5) 54.4 (17.9) 7.5 (16.1)
11-20 (n516) 48.8 (18.2) 48.8 (20.0) 0 (16.7)
21-30 (n57) 38.6 (12.2) 54.3 (14.0) 15.7 (14.0)
.30 (n56) 30.0 (12.7) 33.3 (15.1) 3.3 (10.3)
a Not all participants responded to this item (N583); percentage correct is calculated from 10 knowledge questions.
b p50.03
c p50.009
d p50.55
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pharmacists demonstrated marginal overall improve-
ment. This finding may be a result of a low response rate
(31%) for the matched survey instruments. We analyzed
a subset of responders (n5181) from our original needs
assessment to determine if the 2 groups were similar and
found that the demographics of the large group were not
different from those of the postsurvey data (n584).13 Al-
thoughwe had a lower-than-expectedmatched-survey re-
sponse rate, the responders to the post-education survey
instrument were representative of those who responded to
an earlier survey instrument with respect to work setting,
percent of time spent at bedside, and years in practice. The
results of this study, therefore, are generalizable to the
large population of health system pharmacists who we
previously assessed.13

There was a trend toward improved test scores for
pharmacists who attended additional pharmacogenomics
education (p50.056); however, the small sample size of
the subgroup analysis may not have provided enough
power to detect any differences that may have existed.
While a positive relationship between education and sur-
vey performancemight be expected, the trend suggests that
the subgroup analysis was too small to detect an improve-
ment in survey performance with additional education, or
that the period of 2 months between surveys resulted in
poor knowledge retention for a complex topic. The results
suggest that a strategy different than the one used for this
particular study is needed for pharmacists to improve their
retention of information and performance on pharmacoge-
nomics knowledge survey instruments over time.

Contributing factors that may have impacted phar-
macists’ retention of pharmacogenomics knowledge over
the 2-month period between administration of the 2 sur-
vey instruments include the possibility that pharmacists
did not use their newly acquired knowledge because of
their general pharmacy practice areas. Pharmacists self-
reported that their delivery of pharmacogenomics infor-
mation to healthcare professionals or patients did not
change over time (19% pre-education vs 25% post-
education; p50.13). The results of this study are similar
to those of other studies,which have shown that over time,
knowledge and skill retention are reduced in complex
pharmaceutical and therapeutic skill sets, such as phar-
maceutical drug compounding, delivery of advanced
cardiovascular life support, use of automated external
defibrillators, and use of metered-dose inhalers.20-24

The pharmacogenomics education program was
attended by 233 pharmacists and was well-received,
based on the overwhelmingly positive evaluations. De-
spite the positive reception, however, the program did not
translate into overwhelming improvements on thematched
survey instruments. Other educational programs that have

been received positively have also demonstrated margin-
ally effective long-term educational results.21,24

Our study has several possible limitations. The 31%
matched survey response rate may not reflect the true
overall effect of the pharmacogenomics education pro-
gram; ie, the program may have had a larger impact if
the remaining 70% of respondents had participated in the
matched survey. A differently constructed educational
program with a more focused approach toward compe-
tency attainment may be needed to enhance pharmacists’
performance on the matched survey instrument.

As this study was conducted in a large institutional
setting, survey fatigue may have contributed to the poor
matched-survey response. Our attempt tominimize fatigue
by limiting the survey instrument to 11 multiple-choice
items may not have fully compensated for the number of
different survey instruments pharmacists in our study set-
ting may have been subjected to on an institutional basis.
Online internal department of pharmacy competencies and
external survey requests also may have negatively im-
pacted our response rate, resulting in nonrespondent bias.

Further, there may have been an educational bias
in the study. The individuals who participated in the
matched survey may have been more knowledgeable
about pharmacogenomics and thus more likely to partic-
ipate and perform well in the matched surveys. However,
it does not appear that educational bias was a major factor
considering that respondents’ average test scores demon-
strated only modest improvement after a 2-month period
(46%vs 53%correct, respectively).Additionally, response
bias does not appear to have been a contributing factor.
Although the 31% survey response rate was low, respon-
dents appeared to be representative of the diverse pharma-
cist population that was previously studied and found to be
generalizable to pharmacists in other institutions.13

Finally, there may have been exposure bias in this
study, considering that the matched survey instruments
were conducted in hospital and outpatient pharmacies on
1 campus of a large, academic, multicampus healthcare
system. Pharmacists in this system may have greater ex-
posure to pharmacogenomics tests and interpretations
compared with those in other settings; however, our re-
sults suggest that this factor did not impact the overall
results. Thus, the study results may be generalizable to
pharmacists in other healthcare settings.

SUMMARY
To educate pharmacists about pharmacogenomics,

anACPE-accredited continuing education programwas de-
veloped. The results of this pharmacogenomics education
study were positive and significant, but showed limited
retentionof educational goals andobjectives after 2months,

American Journal of Pharmaceutical Education 2013; 77 (1) Article 10.

7



suggesting that pharmacogenomics education of pharma-
cist clinicians requires more effort. A large investment in
pharmacogenomics education may be needed to increase
pharmacists’ knowledge and comfort level with this
emerging therapeutic opportunity.
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