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Purpose: This study aimed to assess the knowledge and attitudes changes of pharmacy students in Jordan toward pharmacogenetics
(PGx) education.

Patients and Methods: The study has involved both quantitative and qualitative approaches. The quantities part investigates the pre-
and post-test scores of 95 pharmacy students studying PGx at the University of Jordan. The surveys were administered before and after
the educational intervention, which lasted 14 weeks. The qualitative aspect included focus group discussions, where the participants
deeply revealed their perceptions of PGx.

Results: The study showed that 66.3% of students “strongly agreed that genes received from parents are the main influencers of
medication response”, in comparison to 45.3% of the students at the baseline (p < 0.001). The belief that gene variants are correlated
with the susceptibility to the side effects of drugs was one of the lessons that benefited the most, with an improvement from 45.3% to
72.6% (p < 0.001). At the end of the intervention, 75.8% of students approved PGx execution being pharmacists’ job, whereas 44.2%
voted for it at the baseline (p < 0.001). Following the intervention, 75.8% of students strongly agreed that PGx testing should be part of
pharmacy education, up from 61.1% (p = 0.016). The number of students that strongly agreed that genetic testing would make drug
selection significantly improves from 55.8% to 78.9% (p = 0.002). Focus group interviews confirmed these findings. Students valued
talking about tailored medication and promoted PGx to their future employers. According to several students, the PGx course should
be mandatory for PharmD students and offered earlier for better practical use.

Conclusion: The PGx educational intervention improved students’ PGx knowledge and attitudes. The study underscores the need to
integrate PGx into pharmacy courses to educate students about personalized medicine in clinical practice.
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Introduction

Pharmacogenomics (PGx) and pharmacogenetics are both dedicated to the study of genetic influences on drug response.
Concerning precision medicine, PGx focuses only on drug response; however, it has a wider scope and different approach
than pharmacogenetics. Historically, pharmacogenetics focused on examining the effects of single-gene variation on an
individual’s drug response and has typically investigated polymorphisms in drug-metabolizing enzymes, transporters, or
drug targets that could modify either pharmacokinetics or pharmacodynamics. PGx takes a more global look at the
genome, examining the aggregate effect of many genetic variants across the whole genome on drug response (efficacy
and safety). PGx combines high-throughput technologies, including next-generation sequencing and bioinformatics
algorithms to uncover complicated gene—gene and gene—environment connections impacting therapeutic responses.
Overall, they contribute to personalized medicine through the selection of drugs with greater efficacy and reduced
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toxicity or adverse reactions by way of drug dosage optimization.
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Personalized medicine and medication management depend on PGx, so knowledge in this field is growing relevant in
pharmacy courses. Pharmacy courses incorporate PGx teaching in several ways: mandatory courses, interactive learning,
and personal genomic testing among other things.” Classes such as “Principles in Genetics and Pharmacogenomics” have
shown to assist students in seeing their responsibilities in PGx.® Personal DNA testing and other innovative courses have
helped students become more confident and competent in PGx.” By means of personal genomic testing, programs such as
“Test2Learn” increase PGx teaching, therefore fostering better understanding and empathy among students.®

Pharmacy students generally perceive PGx as a clinically relevant tool, yet many feel inadequately prepared to apply
this knowledge in practice. Surveys indicate that while students recognize the importance of PGx, they often report
limited exposure and training, with many receiving only a few lectures on the topic. Despite this, students express
positive attitudes towards the clinical relevance of PGx and show interest in practice-based training to enhance their
readiness.’

Lack of faculty competence, lack of practice environments for experimental learning, and variation in the depth of
PGx teaching across pharmacy schools are a few of the several obstacles standing in the way of PGx education’s
spread.'®'" To address these challenges, strategies such as early exposure through foundational courses, incorporation
into practice-based therapeutics courses, and the use of online resources and workshops have been suggested.'®'
Additionally, there is a need for standardized guidelines and increased accessibility to PGx testing to support pharmacists
in clinical practice.'?

Recent evidences collectively highlight the positive impact of pharmacogenomics educational interventions on the
knowledge, confidence, and clinical competence of healthcare professionals and students.'*'* Omran et al'* conducted
a broad systematic review of 50 studies assessing PGx educational interventions across various healthcare disciplines,
concluding that the integration of active learning strategies—particularly clinical case-based teaching—consistently
improved participants’ knowledge, attitudes, and practice of PGx.

Globally, pharmacy education often lacks sufficient content on PGx principles and clinical applications, and
pharmacy students in Jordan are no exception, even though pharmacogenetics is increasingly being acknowledged as
a major component of personalized medicine. This calls for a timely reevaluation and reformation of pharmacy education
so future pharmacists can better understand PGx and utilize it confidently. To address this gap, our current research
evaluates the effectiveness of a structured educational intervention on pharmacy students’ knowledge and attitudes
toward PGx. The aim of this study was to evaluate the knowledge and attitudes of pharmacy students in Jordan towards
PGx before and after having taken a PGx course, using both quantitative and qualitative tools.

Materials and Methods

Study Design

This study involved a mixed-methods approach combining quantitative and qualitative designs to comprehensively
evaluate the changes of knowledge and attitudes toward PGx education among pharmacy students in Jordan. The
quantitative component involved a structured questionnaire to gather baseline and post-intervention data, while the

qualitative component involved focus group discussions to explore in-depth perceptions and insights.'>'¢

Quantitative Component

Participants

A total of 95 pharmacy students from the University of Jordan participated in the study. The participants were selected
from fourth- and fifth-year students enrolled in a PGx elective course during the academic year 2024-2025. This
represents a convenience sample encompassing the entire class cohort.

Data Collection

An evaluation form was used to collect data on students’ knowledge and attitudes about PGx. The questionnaire included
demographics, baseline knowledge, exposure to PGx, and specific knowledge and attitude questions related to PGx
principles, clinical applications, and barriers to implementation.
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Instrumentation
The survey instrument was divided into sections, according to a recent study,'> including:

e Demographics: Gender, age, specialty (BPharm or PharmD), year of study, and overall grade point average (GPA).

e Baseline Knowledge and Exposure: Questions on prior exposure to PGx courses or workshops and sources of
information.

e Knowledge Assessment: A series of questions assessing knowledge of PGx principles, specific PGx tests, and the
clinical impact of PGx on drug response.

e Attitude Assessment: Statements gauging personal beliefs, perceived responsibilities, and the relevance of PGx in
clinical practice.

Designing and Implementing the Tutorial Intervention

The researchers’ own experiences and the current literature guided the development of the educational intervention. The
material was checked and established to confirm the accurate and exact information supplied before the intervention
started. Before starting the educational intervention, the first step of this study consisted of pre-testing students. The
execution of the educational intervention constituted the second step. The third step consisted of taking the post-
intervention evaluation. The fourth step involved a focus group conversation among intervention participants in order
to get feedback about the intervention.

Two researchers (both with PhD degrees in clinical pharmacy and at least ten years’ experience in the field)
supervised the educational intervention and data collection. Every survey was sent in English, the official language
used at Jordanian Schools of pharmacy education. To guarantee face validity, three seasoned researchers with a varied
spectrum of professional clinical knowledge and extensive experience in clinical investigations assessed the question-
naires prior to the current study.

Part |: Pre-Intervention Part

After acquiring students’ informed consent, a pre-training data collection form and the ability to analyze a clinical case
were used to assess students’ knowledge and skills regarding the PGx. Students were requested to complete
a questionnaire to gather data on demographic variables during that period.

Part 2: The Delivery of the Intervention
The course consisted of lectures for 14 weeks. Throughout the weeks, tutorials were offered and included PGx knowl-
edge, skills, and special sessions with healthcare experts who almost use PGx on a daily basis.

Part 3: Post-Intervention
An online post-intervention test was administered, similar to the contents of the questionnaire used before the start of the
course.

Statistical Analysis
Quantitative data were analyzed using SPSS version 29 and R software version 4.3.3 to ensure comprehensive and robust
analysis. Descriptive statistics were used to summarize students’ demographic and baseline knowledge-related data.
The Wilcoxon signed-rank test was performed to evaluate changes in knowledge and attitudes pre- and post-
intervention, which is suitable for non-parametric data analysis. The McNemar test was used to analyze shifts in
awareness and understanding of PGx concepts, highlighting changes in categorical variables before and after the
educational tool.
R software was used to perform additional statistical tests that required complex modeling, ensuring thorough
exploration and interpretation of the data.
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Qualitative Component

Participants

Focus group discussions were conducted with a subset of students who completed the quantitative part. The students were
selected based on their willingness to participate and represent diverse experiences and perspectives on PGx education.

Data Collection
A semi-structured interview guide was developed to facilitate focus group discussions. The guide included questions on:

e Motivation and Background: Reasons for enrolling in the PGx course and initial awareness.

e Curriculum and Content: Integration of PGx in the curriculum, perceived relevance, and depth of content covered.

e Teaching Methods and Resources: Effectiveness of various teaching methods and resources in enhancing
understanding.

e Application and Practice: Confidence in applying pharmacogenetics knowledge in clinical settings and real-world
examples of PGx in practice.

e Challenges and Barriers: Learning challenges and barriers to implementing PGx in pharmacy practice.

e Feedback and Suggestions: Suggestions for improving PGx education and support needs.

Data Analysis

Qualitative data from focus group discussions were transcribed and analyzed using thematic analysis. Themes were
identified through an iterative coding process, focusing on key areas of interest such as curriculum integration, teaching
effectiveness, and application challenges. The analysis aimed to understand students’ perceptions and experiences with
PGx education comprehensively. Specifically, two independent researchers coded the transcripts inductively, developing
initial codes, which were then grouped into broader themes. Coding discrepancies were discussed and resolved by
consensus. Inter-rater reliability was assessed using Cohen’s k, which demonstrated substantial agreement (k = 0.90).

Ethical Considerations

The study was conducted following ethical guidelines for research involving human participants. Informed consent was
obtained from all participants, ensuring confidentiality and anonymity of responses, and they were fully informed about
the aim of the research. The study received ethical approval from the University of Jordan. This study complies with the
Declaration of Helsinki.

Results

Demographic Data

This study consisted of 95 participants; the majority of them were females (n = 83, 87.4%). The mean age of students
was 22.2 years (SD = 0.921). The majority were Bachelor of Pharmacy (BPharm) students (65.3%), while 34.7% were
Doctor of Pharmacy (PharmD) students. Most students were in their fifth year of study (84.2%), with 15.8% in the
fourth year. Regarding academic performance, 22 (23.2%) students had an excellent overall grade, 47 (49.5%) had a very
good grade, and 25 (26.3%) had a good grade (Table 1).

Baseline Knowledge and Exposure to Pharmacogenetics

As shown in Table 2, 68 participants (71.6%) had not attended any course or workshop on PGx before this study, while
18 (18.9%) had attended once, and 9 (9.5%) had attended more than once. Most students (71.6%) had heard of PGx from
university lectures. Other sources included scientific meetings (40.0%), conferences (28.4%), social media (69.5%),
television (23.2%), and other sources (36.8%). The majority (89.5%) reported studying the concept of genetic variability
in drug response during their university courses (Table 2).

Changes in Knowledge and Perceptions of Pharmacogenomics
Figure 1 represents the improvement in knowledge of pharmacogenetics after the educational intervention.
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Table | Demographic Data of the
Students (N = 95)

Characteristic n (%) Mean (SD)

Gender

Female 83 (87.4)

Male 12 (12.6)

Age 22.2 (0.921)
Specialty

BPharm 62 (65.3)

PharmD 33 (34.7)

Year of Study

Fourth 15 (15.8)

Fifth 80 (84.2)

Overall Grade

Excellent 22 (23.2)
Very good 47 (49.5)
Good 25 (26.3)
Others 1 (1.1)

Table 2 Baseline Knowledge and Exposure to Pharmacogenetics

n (%)
Attended a course/workshop about Pharmacogenetics
No 68 (71.6)
Yes, once 18 (18.9)
Yes, more than once 9 (9.5)
Have you heard the term Pharmacogenetics before registering for this course?
From a lecture at the university 68 (71.6)
From a lecture in scientific meetings 38 (40.0)
From a conference 27 (28.4)
From social media 66 (69.5)
From the TV 22 (23.2)
From others 35 (36.8)
Did you study at the university that drug response might differ in different patients according to their
genes?
Yes 85 (89.5)
No 5(5.26)
Not sure 5 (5.26)

(Continued)
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Table 2 (Continued).

n (%)
How many courses described or mentioned Pharmacogenetics in the university, according to the courses
you received?
0 14 (14.7)
| 39 (41.1)
2 25 (26.3)
>2 17 (17.9)
How many lectures were you given that described Pharmacogenetics?
0 17 (17.9)
1-2 32 (33.7)
3-6 14 (14.7)
7-10 2 (2.1)
>10 332
Not sure 27 (28.4)

Figure 2 presents a comparison of pharmacy students’ perceptions of the genetic influence on drug response and
pharmacokinetics before and after an educational intervention. The results are depicted as percentages of responses to
a series of statements, categorized by the level of agreement.

Prior the educational intervention, 45.3% of students strongly agreed that genes inherited from the parents affect the
responses to medications, with an additional 47.4% agreeing. Following the intervention, this perception strengthened,
with 66.3% strongly agreeing and 29.5% agreeing, indicating a notable increase in the recognition of genetic factors in
drug response (Figure 2).

At baseline, 68.4% of students strongly agreed that individuals from different ethnicities might respond differently to
drugs based on their genes, with 26.3% agreeing. Following the intervention, 77.9% strongly agreed, while 21.1%
agreed, showing an increased understanding that genetic variability is critical in drug efficacy.

Similarly, 43.2% strongly agreed that pharmacokinetic differences among individuals can be attributed to genetic
variations. These perceptions improved, with 72.6% strongly agreeing (Figure 2).

Pre Post

. 1 (Very Low)
2
27.4 14.7 5.
3
4
75 100

Understanding of specific

pharmacogenomic tests and their clinical 74 179 34.7
applications
Response
=
'g Knowledge of the impact of
&8 pharmacogenomics on drug dosing and 13.7 27.4 284
8 prescribing

. 5 (Very High)

Knowledge of basic pharmacogenomics
principles (e.g., genetic variations 14.7 26.3 316
affecting drug response)

27.4

0 25 50 75 100 0 25 50
Percentage

Figure | Knowledge Towards Pharmacogenetics. The values inside the bars are the frequencies.
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Figure 2 Comparison of Pharmacy Students’ Perceptions of Genetic Influence on Drug Response and Pharmacokinetics Before and After Educational Intervention.

Pre-education, 56.8% strongly agreed that differences in drug response between individuals are due to genetic
differences. Post-education, 65.3% strongly agreed with this statement, reflecting an increase in recognition of genetic
influences on drug response.

Pre-education, 44.2% strongly agreed that some patients might not respond to drugs because of genetic mutations.
Post-education, these perceptions strengthened, with 70.5% strongly agreeing, indicating a growing understanding of the
role of genetic mutations in drug response failures (Figure 2).

Pre-education, 45.3% strongly agreed that some patients might be more prone to drug side effects due to their genetic
makeup. Post-education, 72.6% strongly agreed, reflecting an increase in the acknowledgment of genetic predispositions
to adverse drug reactions.

Furthermore, 45.3% strongly agreed at baseline that drug interactions with receptors or enzymes might depend on the
patient’s genes. There was an increase in understanding, with 68.4% strongly agreeing, highlighting the educational
impact on students’ comprehension of gene-drug interactions (Figure 2).

The results of the sign test for changes in PGx perceptions before and after the intervention are presented in Table 3.
A significant shift in perception was observed in most of the questions (p < 0.05) (Table 3).

The students demonstrated a significant increase in their knowledge of basic PGx principles, specific PGx tests, and
the impact of PGx on drug dosing and prescribing, all with p-values less than 0.001.

Specifically, significant improvements were observed in the understanding that genes inherited from parents affect
drug response (p<0.001) and that differences in pharmacokinetics and drug interactions with receptors or enzymes are
influenced by genetic factors (both p < 0.001). Furthermore, the perception that some patients might be more prone to
drug toxicities or lack of response due to genetic differences also showed significant changes (p < 0.001 for both).
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Table 3 Sign Test Results of Response Changes in Pharmacogenomics Perceptions Before and After Intervention

Question Sign Test
p-Value

Knowledge Towards Pharmacogenetics.

Knowledge of basic pharmacogenomics principles (eg, genetic variations affecting drug response): <0.001*
Understanding of specific pharmacogenomic tests and their clinical applications: <0.001*
Knowledge of the impact of pharmacogenomics on drug dosing and prescribing: <0.001*

Pharmacy Students’ Perceptions of Genetic Influence on Drug Response and Pharmacokinetics

We have inherited our genes from our parents, and they affect our response to medications. <0.001*
The differences in drug response between you and your colleagues can be due to the differences in your genes. 0.188

The different ethnicities might respond to drugs differently according to their genes. 0.061

The differences in pharmacokinetics from one individual to another individual can be due to the differences in their genes. <0.001*
Drugs interaction with receptors or enzymes might depend on our genes. <0.001*
Some patients might be more prone to drugs’ toxicities and side effects because of their genes. <0.001*
Some patients might not respond to drugs because of mutations in their genes <0.001*

For each of the following situations/sentences, please describe how ‘“you personally feel, think or believe” by

indicating the number next to each sentence.

I. Pharmacists are mainly responsible for implementing pharmacogenetic testing before prescribing drugs. 0.077
2. It is easy to do pharmacogenetic testing. 0.144
3. All drugs with pharmacogenetic labeling by the FDA should be labeled the same in Jordan. 0.215
4. Performing the genotyping for all individuals is convenient. 0.795
5. Insurance companies might use genotyping in an unethical way 0.155
6. Applying pharmacogenetic testing will help you choose the right drug at the right dose as a pharmacist. <0.001*
7. It is important to have a pharmacogenetic course in the curriculum at the university. 0.016*
8. Pharmacogenomics is an important and relevant field in pharmacy practice. 0.002*
9. | believe pharmacogenomic testing can improve patient outcomes and safety. 0.002*
10. | am confident in my ability to apply pharmacogenomic knowledge in my future pharmacy practice. 0.590

Note: *Significant P-value < 0.05.

Regarding the relevance of PGx in pharmacy practice, students agreed that it is important to have a PGx course in the
university curriculum (p = 0.016) and recognized the importance and relevance of PGx in pharmacy practice (p = 0.002).
They also believed pharmacogenomic testing could improve patient outcomes and safety (p = 0.002). Additionally, they
agreed that PGx testing will help them choose the right drug at the right dose as pharmacists (p < 0.001).

However, there were some areas where perceptions did not change significantly. For example, the belief that
differences in drug response between individuals might be due to genetic differences (p = 0.188) and that different
ethnicities might respond differently to drugs according to their genes (p = 0.061) did not show significant changes.
[Similarly, no significant changes were observed in the perceptions of the ease of PGx testing (p = 0.144), the
convenience of genotyping for all individuals (p = 0.795), and the concern that insurance companies might use
genotyping unethically (p = 0.155).] During the focus group discussion, most students discussed that genetic testing
and the ethical dimensions surrounding it are barriers for the implementation of PGx in Jordan.
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Interestingly, the perception of pharmacists’ responsibility in implementing PGx testing before prescribing drugs

approached significance but did not reach the threshold (p = 0.077). Confidence in applying PGx knowledge in future

practice did not show significant improvement (p = 0.590). In the focus group conversation, students iterated that they

need some improvements to the course in the form of first-hand experience and/or training through self-testing, lab visits.

etc in order to become more confident about applying PGx in practice.

In summary, the intervention resulted in significant positive changes in the majority of perceptions related to PGx,

highlighting the effectiveness of the education in enhancing participants’ understanding and attitudes toward this field.

Changes in Awareness and Knowledge

The McNemar test results with exact p-values (Table 4) highlighted significant changes in awareness and knowledge of

pharmacogenetics concepts and their applications.

Table 4 Changes in Awareness and Knowledge of Pharmacogenetics as Measured by the McNemar Test

Question Answers P-Value
Have you heard the term Pharmacogenetics before
registering for this course?
From a lecture at the university Post (Yes) Post (No) 0.013*
Pre (Yes) 6l 7
Pre (No) 21 6
From a lecture in scientific meetings Post (Yes) Post (No) 0.085
Pre (Yes) 20 18
Pre (No) 31 26
From a conference Post (Yes) Post (No) |
Pre (Yes) 10 17
Pre (No) 18 50
From social media Post (Yes) Post (No) 0.029*
Pre (Yes) 41 25
Pre (No) Il 18
From the TV Post (Yes) Post (No) 0.69
Pre (Yes) 8 14
Pre (No) I 62
From others Post (Yes) Post (No) 0.345
Pre (Yes) 18 17
Pre (No) I 49
Did you study at the university that drug response might differ in Post (Yes) Post (No/Not sure) 0.012*
different patients according to their genes?
Pre (Yes) 84 |
Pre (No/Not sure) 10 0
(Continued)
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Table 4 (Continued).

Question Answers P-Value
Have you heard of single nucleotide polymorphism? Post (Yes) Post (No) <0.001*
Pre (Yes) 48 2
Pre (No) 40 5
Is there a difference between mutation and polymorphism? Post (Yes) Post (No/Not sure) | <0.001*
Pre (Yes) 52 4
Pre (No/Not sure) 29 10
We can predict patients’ responses to drugs by knowing specific gene Post (Yes) Post (No/Not sure) 0.027*
mutations.
Pre (Yes) 72 5
Pre (No/Not sure) 16 2
Pharmacogenetics, pharmacogenomics, and personalized medicine are Post (Yes) Post (No/Not sure) | <0.001*
basically the same.
Pre (Yes) 14 9
Pre (No/Not sure) 36 36
Cytochrome P450 2C9 (CYP2C9) polymorphisms affect the response Post (Yes) Post (No/Not sure) | <0.001*
to warfarin.
Pre (Yes) 6l 5
Pre (No/Not sure) 25 4
In treating lung cancer, the polymorphisms of EGFR affect the Post (Yes) Post (No/Not sure) | <0.001*
response to Erlotinib.
Pre (Yes) 18 6
Pre (No/Not sure) 37 34
Food and Drug Administration (FDA) in USA has listed 270 different Post (I know) | Post (I do not know/ | <0.001*
drugs that are affected by genes and advised physicians to test the Not sure)
patients before prescription.
Pre (I know) 15 2
Pre (I do not 54 24
know/Not sure)
Genotyping is not cheap. Post (Yes) Post (No/Not sure) 0.824
Pre (Yes) 73 9
Pre (No/Not sure) I 2
Genotyping can reduce myopathy due to statin use. Post (Yes) Post (No/Not sure) | <0.001*
Pre (Yes) 38 3
Pre (No/Not sure) 44 10
TPMT genotyping will reduce the side effects of thiopurines used in Post (Yes) Post (No/Not sure) | <0.001*
cancer treatment.
(Continued)
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Table 4 (Continued).

Question Answers P-Value
Pre (Yes) 17 2
Pre (No/Not sure) 6l 15
Cytochrome P4502C9 (CYP2C9) is important for lansoprazole Post (Yes) Post (No/Not sure) 0.878
metabolism.
Pre (Yes) 21 22
Pre (No/Not sure) 20 32
Do you want to include Pharmacogenetics in your practice as Post (Yes) Post (No/Not sure) 0.607
a pharmacist?
Pre (Yes) 77 6
Pre (No/Not sure) 9 3

Note: *Significant P-value < 0.05.

Regarding the awareness of Pharmacogenetics terms, there was increased awareness from various sources such as
university lectures (p = 0.013) and social media (p = 0.029). Significant improvements were seen in understanding the
genetic impact on drug response and specific applications, such as CYP2C9 polymorphisms affecting warfarin response
(p < 0.001) and the importance of genotyping in reducing side effects (p < 0.001) (Table 4).

Pharmacogenetics in Clinical Practice

Figure 3 presents a comparative analysis of students’ perceptions regarding various aspects of pharmacogenomics before
and after an educational intervention. The responses are categorized across five levels: Strongly disagree, Disagree,
Neutral, Agree, and Strongly agree. Several trends are observed, focusing on the percentage changes in the “Strongly
agree” category.

For the statement “Pharmacogenomics is an important and relevant field in pharmacy practice”, there was an increase
in the percentage of students who strongly agreed, rising from 54.7% before the intervention to 73.7% afterward,
reflecting a 19.0% increase. Similarly, the perception that “Pharmacists are mainly responsible for implementing
pharmacogenetic testing before prescribing drugs” also saw an increase in strong agreement, from 13.7% to 27.4%,
indicating a 13.7% rise.

The importance of having a pharmacogenetic course in the university curriculum was recognized more strongly post-
intervention, with 75.8% of students strongly agreeing, up from 61.1%, showing a 14.7% increase.

There was also a notable rise in the belief that “Pharmacogenomic testing can improve patient outcomes and safety”,
with the percentage of students who strongly agreed to increase by 23.1%, from 55.8% to 78.9%. Additionally,
confidence in applying pharmacogenomic knowledge in future pharmacy practice slightly improved, with strong
agreement rising by 1.0%, from 43.2% to 44.2%.

Furthermore, the belief that “Applying pharmacogenetic testing will help choose the right drug at the right dose as
a pharmacist” saw a substantial increase, with 75.8% of students strongly agreeing post-intervention, compared to 44.2%
pre-intervention, reflecting a 31.6% rise. Finally, the statement regarding the uniform labeling of drugs with pharmaco-
genomic labeling by the FDA in Jordan saw a modest increase in strong agreement, rising from 20.0% to 23.2%, a 3.2%
increase (Figure 3).

Figure 4 shows participants’ responses before and after an educational intervention regarding their interest in
pharmacogenetics, both in postgraduate studies and in future pharmacy practice. The question “Would you consider
Pharmacogenetics in your postgraduate studies (MSc, PhD)?” indicated a notable shift in attitudes post-intervention. The
percentage of participants answering “Yes” decreased slightly from 68.9% pre-intervention (n = 56) to 54.7% post-
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Figure 3 Pharmacy students’ attitudes toward the role and implementation of pharmacogenetics in clinical practice. The values inside the bars are the frequencies.
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Figure 4 Future Plans for Incorporating Pharmacogenetics in Professional Practice.

intervention (n = 52). Interestingly, the proportion of participants who were “Not sure” increased from 22 (27.4%) to
23.2% (n = 22), while those stating “No” decreased from 7.4% (n = 6) to 4.2% (n = 4). The number who expressed no
interest in postgraduate studies rose marginally from 3.2% (n = 3) pre- to 11.6% (n = 11) post-intervention.
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In contrast, the question “Do you want to include Pharmacogenetics in your practice as a pharmacist?”, a clear positive
trend is evident. Following the intervention, 90.5% (n = 86) of participants expressed a desire to include pharmacogenetics
in their practice, up from 87.4% (n = 83) pre-intervention. Additionally, “Not sure” responses decreased from 9.5% (n =9)
to 8.4% (n=8), and “No” responses fell from 3.2% (n =3) to only 1.1% (n = 1). This indicates a strengthened professional
commitment to incorporating pharmacogenetics into pharmacy practice following the educational exposure.

These results imply that although enthusiasm for applying pharmacogenetics in actual clinical practice was reinforced after
the intervention, opinions on pursuing additional PGx education were not necessarily common. The lower percentage of “Yes”
responses for graduate studies might perhaps reflect a more realistic appreciation of the complexity of the field and time
needed to prepare for it. In contrast, the substantial increase in intent to incorporate pharmacogenetics into practice
demonstrates the intervention’s impact in strengthening its clinical relevance and applicability (Figure 4).

Table 5 provides a comprehensive summary of the focus group discussions. The results highlight several key areas of
interest, motivation, awareness, and perceptions among the students.

Table 5 Comprehensive Summary of Focus Group Responses on Pharmacogenetics Education in Pharmacy Curriculum

Question Answers

Background: What motivated you to register for this course? | Pilot Focus Group I:

I. First Student: The biggest motivation for me was the students’
feedback. They said that both the course and the instructor are nice.
2. Second Student: | was curious to understand the correlation between
genetics and drugs, diseases, and drug efficiency since we do not have
a specific course for pharmacogenetics.

3. Third Student: | wanted to understand how pharmacogenetics can
address health inequities since drug studies can be biased and not
representative of all patients.

4. Fourth Student: Pharmacogenetics was briefly mentioned in other
courses and workshops, and there was no specific course for it. The
students’ feedback was also positive.

5. Fifth Student: | wanted to distinguish myself as a pharmacist and was
curious about personalized medicine, which is a growing trend.

6. Sixth Student: Previous students’ feedback and my interest in DNA
First Focus Group:

I. Students’ feedback and a positive reputation of the course and
instructor.

2. Curiosity about the correlation between genetics, drugs, diseases,
and drug efficiency.

3. Interest in addressing health inequities through pharmacogenetics.
4. Pharmacogenetics was briefly mentioned in other courses, and
positive student feedback influenced the decision.

5. Interest in distinguishing oneself as a pharmacist and personalized
medicine.

6. Previous feedback, interest in DNA testing, and personalized
medicine.

7. COVID-19 experience highlighted the role of genetics in disease
severity, sparking interest in pharmacogenetics.

Second Focus Group:

I. Lack of other elective course options, and positive feedback
influenced the choice.

2. Positive feedback from friends who took the course earlier.

3. The course was considered beneficial, especially for PharmD students

focusing on personalized medicine.

(Continued)
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Table 5 (Continued).

Question

Answers

Awareness: Before starting your pharmacy program, what did

you know about pharmacogenetics?

First Focus Group:

I. General awareness from workshops and courses like
pharmacotherapy, but without detailed understanding of drugs, genes,
and cytochromes.

2. Agreed with the first student.

3. General knowledge from pharmacotherapy course about the
ineffectiveness of ACE inhibitors in African Americans, but without
understanding the genetic reasons.

Second Focus Group:

I. Learned about drug discovery and personalized medicine in

a biotechnology course.

2. Knew genetics affected drug efficacy, with some general examples
from an immunology course.

3. Brief mention of pharmacogenetics in Pharmacology |, with general
insights into how drug pharmacokinetics vary between ethnic groups.
4. Superficial knowledge before taking the course.

Knowledge Level: How would you describe your current

understanding of pharmacogenetics?

First Focus Group:

I. Knowledge increased significantly, with understanding of resources
like PharmGKB and CPIC.

2. Gained deeper understanding, especially in psychiatry and oncology
drugs, and how PGx helps in creating personalized medicine.

3. Developed understanding of clinical applications and how to adjust
drug doses based on genetic variants.

Second Focus Group:

I. Understood how PGx contribute to personalized medicine, with
knowledge of enzymes involved.

2. Gained more in-depth information about genes and their impact on
drugs, and learned to find reliable information.

3. Possessed Deep understanding of how genetic variations can alter

drug use and effectiveness.

Perception: How do you perceive the current level of

pharmacogenetics education in the pharmacy curriculum?

First Focus Group:

|. Course timing should be earlier in the pharmacy years to focus more
on disease and genetic applications.

2. Course should be mandatory for all students, with potential for one
mandatory and one elective course.

3. Course timing is appropriate in the fifth year, allowing students to
distinguish themselves.

4. The course should be mandatory, integrated before Practice courses.
5. Suggested two courses—one mandatory for basics and one elective
focused on regional specifics.

Second Focus Group:

I. Course should be mandatory for PharmD students and elective for
pharmacy students, ideally taken in the 3rd year or after Biochemistry 2.
2. Mandatory for both PharmD and pharmacy students, with
appropriate timing in the 5th year.

(Continued)
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Table 5 (Continued).

Question

Answers

Content Relevance: Do you feel that the pharmacogenetics
content covered in your courses is relevant to your future
career as a pharmacist?

First Focus Group:

(Question skipped)

Second Focus Group:

I. Does not believe pharmacogenetics will be widely implemented in
Jordan within the next 10 years.

2. Should be integrated into hospitals and clinical settings even before

becoming a specialized career path.

Content Depth: Do you think the depth of pharmacogenetics
education provided is sufficient? If not, what areas do you think
need more focus?

First Focus Group:

|. Focus should be on the Jordanian population, analytical methods, and
deeper understanding of genetic testing procedures.

Second Focus Group:

|. Basics were sufficient, but more in-depth study would be beneficial
for those pursuing a career in pharmacogenetics.

2. Material was basic but appropriate; found analytical methods

challenging and suggested more clarity.

Teaching Methods: Which teaching methods (eg, lectures,
practicals, case studies) have been most effective in helping
you understand pharmacogenetics?

First Focus Group:

|. Online resources and lectures, with assistance from instructors to
understand and use these resources effectively.

2. Articles and online resources were particularly helpful for integrating
knowledge and understanding research.

Second Focus Group:

I. Online resource-based assignments were highly effective, along with

guest lectures from preceptors.

Resources: What types of resources (eg, textbooks, online
modaules, lab work) have been most useful for learning about
pharmacogenetics?

First Focus Group:

I. Lab work and practical demonstrations were suggested as helpful for
understanding pharmacogenetic testing, with on-site visits to clinical
practice areas.

Second Focus Group:

I. Practical demonstrations or lab work would have been helpful for
understanding analytical methods. Workshops attended were useful for
building on basics.

Technology and Tools: Have any technological tools (eg,
simulation software, genetic testing kits) been used in your
pharmacogenetics education? How effective were they?

First Focus Group:

No technological tools were used in learning.

Second Focus Group:

No answers provided because no technological tools were used in
learning.

Any suggestions to improve the course?

First Focus Group:

I. Include a chapter on bioinformatics and its integration into
pharmacogenetics. Recording videos of lab work for those unable to
observe them live. Providing links to genetic testing sites.

Second Focus Group:

I. Bringing guest lecturers earlier in the course and avoiding scheduling
them close to exams. Suggested scheduling the course later in the
morning.

2. Better coordination between the main instructor and guest speakers

to avoid content repetition.

(Continued)
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Table 5 (Continued).

Question

Answers

Clinical Application: How confident do you feel applying

pharmacogenetics knowledge in a clinical setting?

First Focus Group:

1. 8/10 confidence level, with more confidence in high-risk cases like
warfarin where reliable resources are available.

Second Focus Group:

I. Confident in intervening in urgent cases with serious side effects, but
less confident in less critical situations due to the limited emphasis on
pharmacogenetics in Jordan.

Real-world Examples: Can you share any examples where
pharmacogenetics knowledge might have or has already

impacted your clinical decision-making?

First Focus Group:

|. Provided an example where pharmacogenetic testing could have
improved a patient’s adherence to statin therapy by alleviating concerns
about side effects.

Second Focus Group:

|. Shared an example of a neighbor’s daughter undergoing genetic
testing for type | diabetes, highlighting the potential impact of
pharmacogenetics on diagnostic purposes.

In what ways do you think pharmacogenetics education can be
further integrated and emphasized in pharmacy training

programs?

First Focus Group:

I. Suggested field visits to places conducting pharmacogenetic testing
and integrating pharmacogenetics into patient counseling and pharmacy
practice manuals.

Second Focus Group:

|. Suggested integration before prescribing medications and including it
in pharmacy practice courses. Emphasized the importance of practical

exposure to pharmacogenetics in hospitals and laboratories.

Learning Challenges: What challenges have you faced in
learning about pharmacogenetics?

First Focus Group:

I. Lectures were sufficient, but lab work and practical experience were
desired.

Second Focus Group:

I. Challenges included visualizing analytical methods and the dense
coverage of certain topics in single lectures.

2. Students agreed that practical demonstrations would help overcome

learning challenges.

Implementation Barriers: What do you think are the main
barriers to implementing pharmacogenetics in pharmacy
practice?

First Focus Group:

I. Barriers included public acceptance, cost, lack of trained personnel,
and concerns about data privacy and confidentiality.

Second Focus Group:

I. Barriers identified included cost, stigma, lack of experienced

personnel, and limited resources in Jordan for practical implementation.

Improvement Areas: What improvements could be made to
the pharmacogenetics education provided in your program?

First Focus Group:

I. Incorporating clinical and industrial aspects, field visits, and practical
demonstrations to enhance understanding.

Second Focus Group:

I. Emphasis on practical tools, hands-on experience, and better use of

guest lecturers and lab kits.

The main motivations for students enrolling in the pharmacogenetics course were positive peer feedback, a growing

interest in personalized medicine, and a better understanding of the interaction between genetics and drug effectiveness.

Prior to the course, awareness of pharmacogenetics varied, with most students possessing only a superficial sense gained

from brief mentions in other classes such as pharmacotherapy and biotechnology.
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After taking the course, the students reported a substantial increase in their understanding of PGx. They now
understand the clinical applications of PGx, and they are familiar with critical resources.

There was a divide in opinions regarding the course’s appropriate timing and mandatory status. Some students felt the
course should be taken earlier in their studies, possibly in the third year, to allow more time for applying the knowledge
in clinical settings. Others believed the fifth-year timing was appropriate, aligning with their more advanced clinical
training. The consensus, however, was that the course should be mandatory, especially for PharmD students, given the
increasing importance of PGx in modern pharmacy practice.

The students identified online resources, lectures, and guest lecturers as the most effective teaching methods.
However, there was a strong desire for more practical exposure, such as lab work, field visits, and practical demonstra-
tions, particularly in understanding complex topics. The absence of technological tools like simulation software or
genetic testing kits in their education was noted, and students expressed interest in incorporating these tools into the
curriculum.

Students expressed varying levels of confidence in applying PGx knowledge in clinical settings, with higher
confidence reported in cases involving drugs with serious side effects, such as warfarin or oncology drugs. Real-world
examples highlighted the potential of PGx to improve clinical decision-making, particularly in cases where genetic
testing could alleviate patient concerns about side effects from drugs.

Students suggested several improvements to the PGx curriculum, including the integration of bioinformatics, guest
lecturers, and the inclusion of practical demonstrations and field visits. These improvements were seen as essential for
bridging the gap between theoretical knowledge and its practical application in clinical settings.

In conclusion, the focus group conversations expose a general strong desire and perceived need for PGx knowledge
included within the pharmacy curriculum. Although the course has effectively improved students’ knowledge and
understanding, more practical, hands-on learning chances and more integration of PGx into the larger pharmacy
education and practice clearly demand.

Discussion

This study evaluated the effect of a structured educational intervention on pharmacy students’ knowledge and attitudes
regarding PGx in Jordan. The results highlighted a remarkable increase in students’ comprehension of essential PGx
principles, their capacity to associate genetic variation with drug response, and their perspectives on incorporating PGx
into pharmacy practice. These findings demonstrate the impact of standardized PGx education in preparing students for
careers in precision medicine.

A major finding was the increase in students’ agreement with important PGx concepts after receiving the education
intervention. In fact, one example, knowledge of how genetic mutations are able to affect drug response, was strongly
agreed upon by 44.2% of students post assessment intake, and 70.5% of students post assessment outtake (p < 0.001).
Similar gains were made in awareness of gene—drug interactions and the genetic basis of adverse drug reactions and
pharmacokinetics. These findings align with prior studies showing that PGx education improves students’ knowledge and
confidence. Assem et al’” found that personal DNA testing markedly enhanced students’ perceived competence in PGx,
whereas Adams et al® reported enhanced empathy and comprehension subsequent to the implementation of educational
genomic testing.

There were also statistically significant increases in perceived relevance of PGx in clinical practice. After the
intervention, the percentage of students who strongly agreed that PGx should be included in pharmacy education
(75.8% vs 61.1%; p = 0.016) and that PGx could enhance patient outcomes and safety (78.9% vs 39.5%; p = 0.002)
increased significantly. Coriolan et al® confirmed these findings and reported that from our review of students’ opinions
and training in PGx.

Qualitative findings also contributed towards a richer interpretation of these results. Student comments in focus
groups showed appreciation of the course content and the sense that it filled an important gap in their education. But they
expressed a need for more focused hands-on experience and earlier introduction of PGx in the curriculum. These findings
align with the previous recommendations for increased experiential education and training in PGx.'”'® The moderate
confidence in using PGx knowledge in real life encountered by students after the intervention was similar to previous
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studies,”'” which suggested a need for students to have practice-based training settings to supplement their knowledge
after theoretical learning.

The current study adds more evidence on PGx education in the Middle East particularly in Jordan compared to the
other external undertaken studies. Yet, evidence from North America and Europe dominates the findings from previous
studies, and this study fills a regional gap in the existing literature and offers culturally relevant data to inform curriculum
design.

Pharmacy students generally feel underprepared for PGx practice, despite recognizing its importance in clinical
settings. While educational interventions have shown promise in improving confidence and competence, gaps remain in
readiness for practical application.

Many pharmacy students have a moderate understanding of PGx, with knowledge levels varying based on academic
exposure and the institution attended. Students generally recognize the clinical relevance of PGx and express a desire to
learn more about its application in practice.'*"'**°

Courses that include hands-on components, such as DNA testing and genotyping, have been effective in enhancing
students’ understanding and confidence in PGx. These interventions help students appreciate the potential of PGx in
personalized medicine and improve their readiness to apply this knowledge in clinical settings.'”'®

Despite positive attitudes towards PGx, many students feel inadequately prepared to implement it in practice. This is
often due to limited exposure in their curriculum, with many students receiving only a few lectures on the topic. Practice-
based training, such as PGx rotations, is seen as beneficial for better preparation.”>'

In recent studies, students and pharmacists stated several barriers to the implementation of PGx, including limited
accessibility to testing, lack of standardized guidelines, and concerns about misinterpretation of test results.'*'?

This study does provide meaningful insights regarding the effectiveness of PGx education, but some limitations must
be recognized. First, the research was carried out in only one institution with relatively low sample size, which may limit
the generalization of the results to other pharmacy schools in Jordan or worldwide. Second, the restraint of the
intervention period and the use of self-reported attitudes alone may be insufficient to address the sustained retention
of knowledge or the ability to implement PGx in the real-world clinical setting. Also, while focus groups provided
qualitative detail, they relied on self-selected participants, which may have generated response bias in addition to the
possible social desirability bias in focus group responses. Lastly, a lack of experiential learning or opportunities to
perform PGx testing in practice may have limited students’ confidence and readiness for the practice setting.

In summary, the results highlight the need for the implementation of structured, experiential-based PGx education
within pharmacy curricula. They should also work to incorporate practical components such as case-based learning,
simulation tools, and awareness of genetic testing technologies into future initiatives as a way to prepare students for

eventual clinical implementation.

Conclusion

This study showed that a structured PGx educational intervention significantly improved pharmacy students’ knowledge
and attitudes relevant to the clinical application of PGx. Study findings highlight the critical need to incorporate broader
PGx education into the curricula of pharmacy colleges to prepare future pharmacists for practice in precision medicine.
A move towards such initiatives alongside practical experiences for students and institutional implementation can only
help prepare our pharmacy graduates for practicing PGx as part of the wider optimization of patient care. Also, this study

calls for experiential/practical modules in PGx education based on the students feedback.
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