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Abstract

Background Pharmacists’ contribution to pharmacogenomics (PGx) implementation in clinical practice is vital, but
a great proportion of them are not aware of PGx and its applications. This highlights the university education’s crucial
role to prepare pharmacists to face future challenges in such a constantly evolving and demanding environment.

Objectives Our study aims to examine pharmacy students’training satisfaction, knowledge, self-confidence and
attitudes towards PGx on their intentions for postgraduate training in PGx and personalised medicine (PM).

Methods An initial model on students'intention to pursue postgraduate training in PGx and PM and its predicting
factors, based on the Theory of Planned Behaviour (TPB), was proposed. Based on it, a questionnaire was developed
and distributed to 346 pharmacy students of all study years, capturing the selected factors influencing students’
intentions to postgraduate training in PGx and PM, as well as their demographics. Structural equation modelling
(SEM) analysis was employed to determine the effects of both the examined factors and demographics on students’
intentions.

Results Students did not consider themselves adequately prepared for using PGx in clinical practice. Their attitudes
towards PGx implementation were the most important factor influencing their intentions to pursue postgraduate
training in PGx and PM. Other factors such as self-confidence and training satisfaction also affected students’inten-
tions, but to a lower extent. Students of the last two study years (40% of the whole sample) and male (36%) students
stated to be less willing to pursue PGx-related studies in the future. Only 10% of the participants claimed to have
undergone a recent PGx or genetic test, but this did not affect their intentions.

Conclusion There is an important gap in pharmacy school curriculum regarding PGx and PM training which coupled
with the slow rate of PGx and PM implementation into clinical practice seems to restrain students'aspiration to further
expand their knowledge and horizons in terms of PGx and PM.

Keywords Pharmacy students, Attitudes, Intentions, Postgraduate studies, Training, Pharmacogenomics, Personalised
medicine, Questionnaire survey

*Correspondence:

Konstantinos Z. Vasileiou

konvasil@upatras.gr

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40246-023-00474-8&domain=pdf

Makrygianni et al. Human Genomics (2023) 17:27

Introduction

Personalised medicine (PM) and especially pharmacog-
enomics (PGx), are gaining momentum worldwide. PM
constitutes a state-of-the-art approach able to revolu-
tionise the way current medicine works [1]. PGx is in the
forefront of PM initiative, proposing an alternative treat-
ment strategy in which individuals’ therapy scheme is tai-
lored with respect of his/her genetic makeup. Currently,
there are many clinical trials highlighting the clinical
effectiveness of PGx in practice [1]. Indeed, it is demon-
strated that PGx-guided treatment will reduce the inci-
dence rate of adverse drug reactions (ADRs), decrease
mortality and morbidity level along with hospital admis-
sions, while it can increase drug efficacy by adjusting
either drug dosage or switching to another medication
[1]. Thanks to those advantages, overall disease and drug
management can be improved to great extent. Apart
from the clinical effectiveness of PGx, many studies con-
clude that PGx-guided treatment is a cost-effective strat-
egy, and it will decrease healthcare expenditures. For all
these points, PGx constitutes an important healthcare
technology in drug management.

Pharmacists are the most specialised healthcare pro-
fessionals in terms of drug management, and hence
they play a pivotal role in the advancement and imple-
mentation of PM interventions in the clinical setting
[2]. According to the latest American Society of Health
System Pharmacists (ASHP) statements, pharmacists
obtain the proper experience and education to interpret
and apply PGx testing’s results [3]. In addition, based
on Genetics/Genomics Competency Center (G2C2), it
seems that pharmacists share distinct responsibilities in
terms of PGx implementation and they should under-
stand the ethnicity effect in genetic variance and subse-
quently in drug response and highlight the existence of
PGx guidelines for different medications [4]. In other
words, a pharmacist is authorised to adjust drug dosage,
select a drug therapy, and monitor patients’ progress with
regard to PGx results. Assisting other healthcare provid-
ers (i.e. physicians, nurses) in making clinical decision
is also possible along with patient counselling related to
their genetic results [3].

Even if pharmacists’ contribution to PGx clinical
implementation is vital, they have a minimal involvement
in the field. As reported in many studies, a great percent-
age of pharmacists are not aware of PGx and its applica-
tions; some of them do not know how pharmacists can be
involved in the field and what are their responsibilities,
while others claim to have limited or inadequate train-
ing [2, 5-9]. Low participation rate can decelerate the
adoption of PM applications. According to Koufaki et al.,
2021, education is the key to face new challenges in such
a constantly evolving environment and to achieve better
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results in terms of PGx adoption rate and pharmacists’
response [10]. By initiating future generations of phar-
macists to the principles and best practices of PGx at an
early stage of their undergraduate education, it is possi-
ble to increase pharmacists’ self-confidence, disseminate
new practices and thus enhance their participation in the
sector [11, 12].

Admittedly, there are some studies that focus on
understanding pharmacists’ and pharmacy students’ level
of awareness, perceptions, attitudes and intentions about
PGx applications in clinical practice. However, there is a
significant gap in the literature regarding both pharma-
cists’ and pharmacy students’ intentions to continue their
education in the field of PGx and PM [13-16]. This gap
may pose a barrier in the widespread adoption of clinical
PGx.

In this study, we aim to investigate the perceptions and
opinions of undergraduate students of all years of stud-
ies from the Department of Pharmacy at the University of
Patras in Greece. This department is the first pharmacy
department in Greece that has a dedicated PGx mod-
ule both in the undergraduate and graduate curriculum,
towards some key aspects of PGx and PM. Using a ques-
tionnaire survey based on the Theory of Planned Behav-
ior (TPB), we seek to evaluate the impact of selected
factors and demographics on student’s intentions to pur-
sue postgraduate training in PGx and PM.

Materials and methods
Research framework of the proposed model on students’
intention to pursue postgraduate training in PGx and PM
and its predicting factors
Literature review revealed that there was a lack of pub-
lications focussing on the intentions, and its predict-
ing factors, of health science students’ to pursue PGx
and PM-related training after graduation. The Theory of
Planned Behaviour (TPB) has been continuously applied
in a great spectrum of healthcare issues, including the
investigation of health science students’ intentions for
further education [17-20]. According to TPB, attitudes
are considered as a critical factor affecting individuals’
intentions for future behaviour. Therefore, an extensive
literature review was conducted regarding the attitudes,
perceptions and intentions of health science students
regarding PGx and PM. Prior research revealed that stu-
dents’ attitudes towards PGx and PM application and
adoption were related, among other factors, to their level
of knowledge, their satisfaction from PM and PGx train-
ing and their self-confidence to apply PGx and PM in
clinical practice [6, 7, 13-15, 21-23].

Literature review findings were discussed with phar-
macy senior undergraduate and postgraduate (Master
and PhD) students, as well as with experts in the field of
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PGx and PM. Experts were mainly coming from the Lab-
oratory of PGx and Individualized Therapy, Department
of Pharmacy, University of Patras, and had experience in
research and survey development. Upon these discus-
sions, the following factors were selected to probe their
effect on the intention of pharmacy students to be fur-
ther trained in the mentioned subjects/disciplines: 1) the
self-confidence to apply PGx in clinical practice, 2) the
satisfaction with the training regarding the application of
PGx in clinical practice, 3) the prevailing attitudes-inten-
tions for the application of PGx and PM and 4) the level
of knowledge about PGx and PM.

The proposed research framework of students’ inten-
tion and its predicting factors to continue training in
PGx and PM after graduation is presented in Fig. 1.
Mahmutovic et al. (2018) concluded that pharmacy stu-
dents whose curriculum contained a course in PGx and
PM hold more positive attitudes and were more willing
to continue their training in this topic compared to stu-
dents without previous relevant training [14]. Moreover,
Alzoubi et al. (2020) found that Jordanian medical stu-
dents and physicians expressed rather positive attitudes
towards PGx, and, at the same time, high interest in
attending corresponding training sessions or workshops
in the future [24]. Additionally, according to the pharma-
cogenomics/genomics literacy framework for pharma-
cists (PGLP) developed by Rahma et al. (2021) attitudes
played a positive influential role on pharmacists’ inten-
tions to continuing medical education [7]. Therefore,
we assumed that attitudes influence positively students’
intentions to pursue postgraduate training in PGx and
PM.

Rahma et al. (2021) framework also pinpointed that
both pharmacists’ knowledge and skills, often assessed
by self-confidence, were correlated with their attitudes,
and altogether affected their intentions to undergo a PGx
training in the future [7]. Grace et al. (2021) examined the
impact of Personal Genomic educational testing (PGET)
on student knowledge, comfort, and attitudes related to
PGx in US students, and they noticed a simultaneous

Self-confidence

Training
satisfaction
I Intentions for PGx/PM
postgraduate training
Level of
knowledge |

Attitudes

Fig. 1 Research framework of students'intention and its predicting
factors to pursue postgraduate training in PGx and PM
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improvement in comfort with PGx clinical skills, PGx
patient education, and attitudes towards PGx for all par-
ticipants (receiving or not PGET) over the course of the
study [22]. These findings are in line with the results of
other studies mentioning that students’ PGx knowledge
is positively correlated with their self-confidence (readi-
ness) and attitudes towards PGx implementation in clini-
cal practice [13, 15]. Thus, we hypothesised that higher
levels of self-confidence in PGx implementation in prac-
tice will be positively associated with favourable attitudes
towards PGx and with greater intentions for PGx and PM
postgraduate training. Accordingly, higher levels of PGx
knowledge will be positively associated with higher self-
confidence in PGx implementation, more favourable atti-
tudes towards PGx and with greater intentions for PGx
and PM postgraduate training.

Both Mahmutovic et al. (2018) and Cheung et al. (2021)
studies highlighted that the more students considered
their study curriculum as well-designed for PGx under-
standing, the more they expressed positive attitudes
towards PGx and were interested to get involved in this
area of research or professional practice [14, 21]. Consid-
ering the above, we assumed that higher levels of training
satisfaction will be positively associated with higher self-
confidence in PGx implementation, more positive atti-
tudes towards PGx and with greater intentions for PGx
and PM postgraduate training.

Survey development

Survey’s tool development involved a multistage process.
Initially, we combined relevant questionnaire surveys
[13-15, 21, 23, 25-28] and the aforementioned discus-
sions as the basis to develop questionnaire’s items asso-
ciated with students’ intentions for postgraduate studies
in PGx and PM and to determine the factors included in
the proposed research model. At this stage, we decided
to include another statement related to students’ evalua-
tion of teaching methods used in PGx and PM education
to facilitate the interpretation of the survey results. Next,
the content validity of the selected items was examined
by experts in the field to ascertain that all crucial items of
each factor/construct were included. Draft questionnaire
was then pretested through cognitive interviews with
25 pharmacy students of all years from the University of
Patras to evaluate its clarity, content, length, and meas-
urement scale [29]. The final version of questionnaire was
reviewed mainly about the wording and clarity of some
items.

It consisted of 38 questions divided into 7 different sec-
tions: (1) evaluation of teaching tools used for the PGx
and PM training, (2) self-confidence to apply PGx in clin-
ical practice, (3) satisfaction with the training regarding
the application of PGx in clinical practice, (4) prevailing
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attitudes-intentions for the application of PGx and PM,
(5), intentions for postgraduate training in PGx and PM,
(6) level of knowledge about PGx and PM and (7) student
demographics (such as gender, year of study, possession
of another BSc degree, and if they or a family member are
under chronic medication and have undergone a recent
PGx or genetic test) (see Additional file 2). All main
sources considered, along with the measurement scale
used to develop the survey, are demonstrated in Table 1.
Moreover, an introductory cover page was attached in the
beginning of the questionnaire to explain study’s purpose
and objectives and to provide instructions on its comple-
tion. Additionally, definitions of PM and PGx were pro-
vided, and it was assured that participants anonymity and
confidentiality would be preserved. The survey question-
naire required around 10 min to complete.

Study sample

Study sample consisted of 346 undergraduate students
from the Department of Pharmacy of the University of
Patras, Greece. Students of all academic years were asked
to complete the questionnaire before or after their lec-
tures during April (spring semester) 2022. Around two-
thirds (64.5%) of the participants were women in line
with the gender distribution of the Department’s student
population (Table 2). Fifth-year students (27.7%) were the
most willing to participate in the survey, closely followed
by the third year (24.3%), while fourth year (12.4%) were
the least disposed to fill in the questionnaire. Notably,
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PGx principles and applications are taught in the course
“Molecular Genetics and PGx” in the spring semester of
the second study year. PGx-related material is also briefly
covered in other modules within pharmacy curriculum.
Moreover, 9% of the students stated they hold another
BSc degree. Only 10% of the participants claimed that
they or a relative of theirs have undergone a recent PGx
or genetic test, while almost 67% stated that they or a
family member was under chronic medication.

Data analysis

The research data were analysed by the SPSS and AMOS
statistical programmes (both versions 28; IBM, NY, USA).
Data analysis included frequencies and percentage of
valid responses (valid %) and descriptive statistics (mean
value, standard deviation (Std.Dev)). Mann—Whitney and
Kruskal-Wallis tests were applied to identify the scale of
differences among student groups based on their demo-
graphics (i.e. gender, study year, another BSc degree,
PGx/genetic test, chronic medication). There is a debate
whether parametric (t test and ANOVA) or nonparamet-
ric (Mann—Whitney and Kruskal-Wallis) tests should be
used for group comparisons of item data selected with
Likert scale. However, relevant studies concluded that
both procedures, generally, have similar power to detect
differences among groups [30, 31]. In our study, nonpara-
metric tests were preferred, as the Kolmogorov—Smirnov
test results indicated that the survey data were not nor-
mally distributed for almost all items.

Table 1 Sources and scales of measurement for each questionnaire section

Factor Sources Number of Scale
items
Evaluation of teaching tools 23] 7 1-7: not at all useful (1)-extremely useful (7)
Self-confidence in implementing PGx [13,22,25,28] 5 1-7: not at all confident (1)-extremely confident (7)
Satisfaction with PGx training [21] 3 1-7: strongly disagree (1)-strongly agree (7)
Attitudes-Intentions for PGx implementation [14,15, 21, 22] 6 1-7: strongly disagree (1)-strongly agree (7)
Intentions for postgraduate training in PGx and PM [7,14,21] 2 1-7: strongly disagree (1)-strongly agree (7)
Level of knowledge in PGx and PM [15,25,27] 10 Agree, disagree, Do not know
Table 2 Sample descriptive statistics (valid %; N =346)
Variables N % Variables N %
Gender Male 123 355 Recent PGx or genetic test Yes 33 9.5
Female 223 64.5 No 313 90.5
Study Year Tst 62 17.9 Chronic medication Yes 215 62.1
2nd 61 17.6 No 131 379
3rd 84 243 Holder of another BSc degree Yes 32 9.2
4th 43 124 No 314 90.8

5th 96 27.8
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Structural equation modelling (SEM) analysis (IBM
AMOS: generalised least squares (GLS) method for
parameter estimation, regression coefficients estimation
and statistical fits of the structural model evaluation) was
utilised to discern the direct, indirect and total effects
of both the examined factors and demographics on stu-
dents’ intentions to pursue postgraduate training in PGx
and PM [32]. A direct effect refers to the direct impact
of an independent (exogenous) variable on a depend-
ent (endogenous) variable, an indirect effect is the effect
of an independent variable on a dependent variable that
goes through a mediator (the independent variable influ-
ences the mediator which then affects the dependent
variable) and a total effect is the sum of the direct and
indirect effects of an independent on a dependent vari-
able [33]. Prior to the structural model analysis, a meas-
urement model analysis was conducted to examine the
relationship between the latent variables and their meas-
ures, consisting of model fit statistics (CMIN/DEF, CFI,
TLI, NFI, IFI, RFI, RMSEA, SRMR) and the factor load-
ings of each factor [33]. Moreover, Cronbach’s alpha and
composite reliability (CR) test were used to measure the
examined factors’ construct reliability. Average variance
extracted (AVE) for each construct was also calculated
to assess convergent validity. Discriminant validity was
assessed by the heterotrait-monotrait ratio of correla-
tions (HTMT) method. Additionally, the possible influ-
ence of common method variance (CMV) was measured
by Harman'’s single factor test [33].

Results
Students’ perceptions on the examined factors affecting
their intentions for postgraduate training in PGx and PM
Students assessed the teaching tools used in PGx mod-
ules to be moderately to rather useful (Fig. 2 and Table 3).
Lectures and supplementary material in e-class were
perceived as the most useful tools (mean around 5.2),
followed by laboratory training (mean 4.7). Books and
formative assignments were considered as moderately
helpful (mean around 4.2). Study year was the only
demographic variable to influence students’ evalua-
tion of lectures, laboratory training, e-class material and
optional assignments (Additional file 1: Tables S1-S5).
Indeed, second-year students were indicated to be the
most pleased with available teaching tools in contrast to
fifth-year students. Second-year students were very satis-
fied with lectures, laboratory training and e-class mate-
rial (means from 5.3 to 5.9), while third-year students
found lectures and e-class material quite valuable (means
around 5.6).

Students’ satisfaction related to training received in
PGx clinical implementation is in line with their evalu-
ation of teaching tools. They appear to be moderately
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to rather satisfied with theoretical and laboratory train-
ing along with department’s curriculum, as 45% to 50%
of participants agreed with the relevant statements and
means ranged from 4.3 to 4.6 (Fig. 2 and Table 3). Again,
study year was the only demographic variable affecting
students’ views (Additional file 1: Tables S1-S5), with
second-year students being the most satisfied (mean 5.3)
and fifth-year the least (mean 4.0). Third-year students
were rather satisfied with their theoretical training (mean
4.8), but moderately with their laboratory training (mean
3.7), which is attributed mainly to the special circum-
stances that laboratory exercises were conducted during
the last two years because of COVID-19 restrictions. Stu-
dents claimed to be moderately confident in implement-
ing PGx in clinical practice, as the means of all relevant
statements ranged from 3.5 to 3.9 (Fig. 2 and Table 3).
Study year only affected students’ self-confidence, mainly
due to significant divergences between first and second-
year students (Additional file 1: Tables S1-S5).

Students shared very positive attitudes towards PGx
and its implementation in clinical practice. Around 80%
agreed that PGx should be an important part of phar-
macy students’ curriculum and they would recommend
PGx testing to patients or a family member (Fig. 2 and
Table 3). Moreover, almost 60% agreed that they intended
to keep up with future updates in the field of PGx and
incorporate PGx testing in patient care. Female students
were more positive than their male classmates concern-
ing the significance of PGx in their curriculum, while
female students intended to be updated about future
advances in the field and to integrate PGx in patient care.
Students (or a family member of theirs) receiving chronic
medication were more inclined to recommend PGx test-
ing to patients or a family member, whereas those hold-
ing another BSc degree were less willing to undergo a
PGx testing in the future. First-year, closely followed by
second-year, students held more positive attitudes and
were more disposed to adopt PGx in clinical practice and
keep up with future updates.

Individuals’ level of knowledge on PGx and PM was
measured by an index, (0 to 10), concerning the total
number of correct answers given at the 10 relevant state-
ments (Fig. 3). Students’ level of knowledge in PGx and
PM was found moderately satisfactory (Figs. 2, 3 and 4).
Approximately 75% of them gave 4 to 7 correct answers,
whereas only 4% of the respondents got a score of 9 out
of 10 (mean=5.7, median=mode=6). Students (or a
family member of theirs) receiving chronic medication
scored on average 0.5 units higher than others. Moreover,
students of the last three study years presented an almost
equal level of knowledge in PGx and PM, but much
higher than those of the first and second year (Additional
file 1: Tables S1-S5).
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Online educational material

Research articles

Supplementary material in e-class
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Evaluation of teaching tools

Confident to explain PGx results to a patient
Confident to discuss PGx test results with a physician

Confident to recommend a PGx test to a patient

Confident to recommend modification of medication
based on PGx test

Confident to determine therapeutic areas that PGx testing
is necessary

Self-confidence in implementing PGx in clinical practice
Overall satisfied with departments’ curriculum

Satisfied with theoretical training

Satisfied with lab training

Satisfaction with PGx training

PGx should be an important part of pharmacy students’
curriculum

lintend to keep up with future updates in the field of PGx
| will includelincorporate PGx testing in patient care

| intend to undergo a PGx testing in the future

| would recommend PGx testing to patients

| would recommend PGx testing to a family member
Attitudes-Intentions for PGx implementation

Level of knowledge in PGx and PM

| would like to pursue with PGxIPM postgraduate studies

I would like to attend PGx/PM certified traininglinformation
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Intentions for postgraduate training in PGx and PM

Fig. 2 Descriptive statistics (mean and standard error of means) of student answers
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Table 3 Frequencies (valid %) of student answers

Variables/factors 1 2 3 4 5 6 7
TCH1 Lectures 2.0 14 84 171 26.3 280 16.8
TCH2 Books 72 8.7 18.2 234 18.2 16.5 7.8
TCH3 Laboratory exercises 52 55 10.7 246 179 223 139
TCH4 Online educational material 4.9 8.1 13.0 272 16.5 208 9.5
TCH5 Research articles 11.6 13.6 159 220 17.1 133 6.6
TCH6 Supplementary material in e-class 38 26 7.5 1.8 22.8 289 22.5
TCH7 Optional assignments 13.0 8.7 124 20.5 18.5 139 13.0
Evaluation of teaching tools
CNF1 Confident to explain PGx results to a patient 12.1 16.5 20.2 214 14.5 10.7 46
CNF2 Confident to discuss PGx test results with a physician 11.6 17.1 14.7 194 18.5 13.0 58
CNF3 Confident to recommend a PGx test to a patient 13.0 11.8 16.8 19.7 19.1 11.3 84
CNF4 Confident to recommend modification of medication based on PGx test 194 14.2 14.7 16.5 136 13.9 7.8
CNF5 Confident to determine therapeutic areas that PGx testing is necessary 14.7 159 176 225 15.0 11.0 32
Self-confidence in implementing PGx in clinical practice
STF1 Satisfied with theoretical training 32 43 84 324 249 16.2 10.7
STF2 Satisfied with laboratory training 7.2 84 1.3 280 194 18.8 6.9
STF3 Overall satisfied with departments’ curriculum 32 6.9 124 286 234 18.2 72
Satisfaction with PGx training
ATT1 PGx should be an important part of pharmacy students’curriculum 0.3 1.2 26 16.2 22.8 25.7 31.2
ATT2 lintend to keep up with future updates in the field of PGx 23 35 6.9 254 243 211 16.5
ATT3 I'will include/incorporate PGx testing in patient care 35 29 52 254 27.7 214 139
ATT4 lintend to undergo a PGx testing in the future 32 52 6.4 295 254 17.1 133
ATT5 I would recommend PGx testing to patients 14 14 4.0 17.3 26.3 30.1 194
ATT6 I would recommend PGx testing to a family member 09 32 32 17.1 246 286 225
Attitudes-Intentions for PGx implementation
INT1 I'would like to pursue with postgraduate studies related to PGx and PM 84 13.6 8.1 26.3 19.1 124 12.1
INT2 I'would like to attend certified training or information programmes related 4.6 4.9 75 16.8 19.9 249 214

to PGx and PM
Intentions for postgraduate training in PGx and PM

Students claimed to be moderately willing to pursue
postgraduate studies related to PGx and PM, Almost
45% of them agreed with the pertinent clause and one-
quarter of them were neutral (mean 4.2). However,
they were quite disposed to attend relevant certified
training or information programmes, since about two-
thirds of them agreed with the relevant statement and
only 17% disagreed (mean 5.03) (Fig. 2 and Table 3).
Female students were more inclined to improve their
knowledge and skills on PGx and PM, while those pos-
sessing another BSc degree stated a lower interest. Stu-
dents’ interest for postgraduate training in PGx and PM
declined as they ascended the study year. Thus, while
students of the first 3 years appeared quite willing for
postgraduate training, fourth- and, especially, fifth-year
students were, to some extent, reluctant, particularly to
attend a relevant MSc course (Additional file 1: Tables
S1-S5).

SEM analysis of key determinants on student intentions

for postgraduate training in PGx and PM

The measurement model of the four factors (Training
Satisfaction, Self-Confidence, Attitudes and Intentions)
was tested by Confirmatory Factor Analysis (CFA). The
level of knowledge on PGx and PM was measured by an
index, of a scale from 0 to 10; therefore, it was not consid-
ered in the measurement model analysis. All values of the
model-fit measures calculated to assess the model’s over-
all goodness of fit were within the corresponding accept-
ance levels. Specifically, the values computed by AMOS
were: CMIN/DF=1.512<3-5, CFI=0.986>0.90,
TLI=0.981>0.90, NFI=0.960> 0.90, IFI=0.986 > 0.90,
RFI=0.945>0.90, RMSEA =0.39 (0.023 - 0.052)<0.08
and SRMR=0.041<0.08 (Collier 2020; Kline, 2016).
According to Table 4, the factor loadings of each item on
the respective constructs are well above the suggested
threshold of 0.5; therefore, all items were eligible for the
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Fig. 3 Students'overall level of knowledge in PGx and PM (Valid %, N =346)
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Fig. 4 Percentage of students answering correctly and wrongly to each statement of knowledge about PGx and PM (Valid %, N =346)

next stages of analysis. However, ATT6 item (I would rec-
ommend pharmacogenomic testing to a family member)
was removed from the analysis because of its high cor-
relation with ATT5 item (0.848).

Cronbach’s alpha and composite reliability (CR) veri-
fied the construct reliability of each model construct
(Table 4). All Cronbach’s alpha values were quite higher
than the acceptance level of 0.70 [34], and CRs, ranging

from 0.81 to 0.86, were well above the threshold value of
0.70 [35]. The average variance extracted (AVE) for all
constructs was found higher than the benchmark of 0.50
(Table 4), indicating the convergent validity of the factors
included in model [36]. The discriminant validity was
confirmed by the heterotrait-monotrait ratio of correla-
tions (HTMT) method, as all ratios ranged between 0.202
and 0.797 (Table 5), below the suggested critical value of
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Table 4 Factor loadings, reliability and convergent validity of
measurement model

Constructs-items Loadings Cronbach’s a CR AVE
Self-confidence 0.901 0859 0553
CNF1 0.873

CNF2 0.827

CNF3 0.713

CNF4 0.647

CNF5 0.626

Training satisfaction 0.841 0.846 0.648
STF1 0.747

STF2 0.749

STF3 0.909

Attitudes 0.849 0.851 0.536
ATT1 0.705

ATT2 0.876

ATT3 0.771

ATT4 0.637

ATTS 0.646

Intentions 0.810 0.810 0.681
INT1 0.815

INT2 0.835

Table 5 HTMT ratios for discriminant validity

Self-Confidence  Training Attitudes
Satisfaction
Training Satisfaction ~ 0.202
Attitudes 0.397 0.357
Intentions 0.266 0.305 0.797

0.85 [37]. Finally, in our measurement model the Har-
man’s single factor test showed that the total variance for
a single factor was 36.77%, considerably lower than the
recommended threshold of 50%, and hence, we assumed
that the common method bias did not constitute a sig-
nificant threat to the validity of our research findings [38,
39].

Mann—Whitney and Kruskal-Wallis tests revealed
significant differences on some of students’ answers
according to gender, study year, possession of another
BSc degree and receiving chronic medication. Thus,
these demographics were included in SEM analysis as
control variables. A binary variable was used for “study
year” (1st—3rd: 0; 4th—5th: 1) to simplify the SEM anal-
ysis. Third-year students were grouped together with
their first- and second-year classmates, as they expressed
relatively similar intentions for postgraduate training
in PGx and PM. This may be explained by the fact that
fourth and fifth-year students are approaching to the
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completion of their studies, and consequently they are
more settled regarding their intentions for postgraduate
training including PGx and PM.

Figure 5 outlines the statistically significant effects
of key determinants on student intentions. More
details are presented in Figure S1 and Tables 6 and 7.
The values of the global fit statistics (CMIN/DF<2-5,
CFI>0.90, TLI>0.90, NFI>0.90, IFI>0.90, RFI>0.90,
RMSEA <0.08, SRMR <0.08) indicated a good model fit
[32, 33]. Moreover, the coefficient of determination (R?)
was 0.70 signifying, as well, a good model fit. Attitudes
towards PGx implementation were the only factor which
directly influenced students’ intentions to pursue post-
graduate training in PGx and PM. The high value of the
pertinent standardised regression weight, 0.76, indicated
a very strong positive impact of attitudes on intentions
for postgraduate training.

Self-confidence and training satisfaction affected stu-
dents’ intentions only indirectly, as they exhibited a mod-
erate positive influence on attitudes (total effects: 0.35
and 0.31, respectively). Furthermore, training satisfac-
tion exerted a relatively low (0.25) positive effect on self-
confidence. However, self-confidence was found to have
a rather low negative (—0.11), but still significant, impact
solely on students’ intentions to attend certified train-
ing or information programmes related to PGx and PM
(INT2). Therefore, the positive total, and indirect, effects
of both self-confidence and training satisfaction on inten-
tions for postgraduate training were relatively low: 0.26
and 0.24, respectively.

The level of knowledge was the only examined factor of
the proposed research model that had neither direct nor
indirect impact on students’ intentions for postgradu-
ate training, in general. However, it appeared to have a
quite low positive impact (0.11) on students’ intentions
to attend certified training or information programmes
related to PGx and PM (INT2). Although no signifi-
cant relationship was established between the level of
knowledge and the training satisfaction construct, a low
negative relationship was found between the level of
knowledge and the satisfaction with both the laboratory
training (STF2) and the departments’ curriculum (STF3)
(—0.19 and —0.11, respectively).

Concerning control variables, study year, primarily, and
gender, to a less degree, influenced students’ intentions
for postgraduate training both directly and indirectly.
Specifically, in line with the Kruskal-Wallis test results,
students of the last two study years appeared to be con-
siderably less willing to pursue postgraduate training in
PGx and PM, less zealous to implement PGx and PM in
clinical practice and less satisfied with their training than
their classmates of the first 3 years. Female students were
more disposed to pursue postgraduate training and hold
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Study Year
[sTF3|[sTR2|[sTFI |
A3 4
-0.11 _0.19
Knowledge -
ATTS | [ATT4|[ATT3|[ATT2 |[ATTI
Chi-square = 157.371 (114 df) p=0.004 CMIN/DF = 1.380 CFI=0.985 TLI=0.980
NFI = 0.948 IFI= 0.985 RFI=0.931 RMSEA =0.033 (0.019 — 0.045) SRMR = 0.041
Fig. 5 Synoptic SEM diagram of the factors influencing students'intention to pursue postgraduate training in PGx and PM
Table 6 Regression weights and covariances for the SEM model
Regression weights Standardised estimate S.E. C.R. P
Intentions «— Attitudes 0.755 0.11 11.303 X
Attitudes <« Self_Confidence 0.347 0.047 5.686 Hx
Attitudes <« Training_Satisfaction 0227 0.049 3.823 wEE
Self_Confidence <« Training_Satisfaction 0.249 0.068 3.903 *xX
INT2 <« Self_Confidence —0.109 0.063 —2.486 0.013
INT2 <« Knowledge 0.107 0.034 2.893 0.004
STF2 «— Knowledge —0.189 0.038 —4.383 Hxx
STF3 «— Knowledge —0.112 0.031 —2.908 0.004
Intentions <« Year_binary —-0.172 0.134 —3.805 i
Attitudes <« Year_binary —0.208 0.094 —3.972 i
Training_Satisfaction — Year_binary —0.228 0.127 —3915 e
Intentions «— Gender 0.158 0.129 2214 0.027
Attitudes <« Gender 0.094 0.093 3.131 0.002
Covariances Correlations S.E. C.R. p
Knowledge PR Year_binary 0.263 0.049 4761 i
Knowledge - Gender 0.126 0.045 2408 0.016
**¥*p <0.001

more favourable attitudes towards PGx and PM than
their male classmates.

Discussion

To the best of our knowledge, this is the first study to
examine the effects of selected factors (e.g. attitudes,
knowledge, self-confidence, training satisfaction) on

pharmacy undergraduate students’ intentions to pursue
PGx-related studies in the future using TPB.

Our study showed that the upcoming generations of
professional pharmacists were aspired by the advantages
of PGx and shared a positive attitude towards its integra-
tion in clinical practice. In parallel, it was observed that
they were willing to pursue postgraduate studies in this
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Table 7 Standardised direct, indirect and total effects for the SEM model

Attitudes Self_Confidence Training_ Knowledge Year_binary Gender
Satisfaction

Total
Intentions 0.755 0.262 0.236 0.000 —0.383 0214
Attitudes 0.000 0.347 0313 0.000 —0.280 0.158
Self_Confidence 0.000 0.000 0.249 0.000 —0.057 0.000
Training_Satisfaction 0.000 0.000 0.000 0.000 —0.228 0.000
INT1 0.621 0.215 0.194 0.000 —0.315 0.176
INT2 0.657 0.119 0.179 0.107 —0.328 0.186
Direct
Intentions 0.755 0.000 0.000 0.000 —0.172 0.094
Attitudes 0.000 0.347 0.227 0.000 —0.208 0.158
Self_Confidence 0.000 0.000 0.249 0.000 0.000 0.000
Training_Satisfaction 0.000 0.000 0.000 0.000 —0.228 0.000
INT1 0.000 0.000 0.000 0.000 0.000 0.000
INT2 0.000 —0.109 0.000 0.107 0.000 0.000
Indirect
Intentions 0.000 0.262 0.236 0.000 —0.211 0.120
Attitudes 0.000 0.000 0.086 0.000 —0.071 0.000
Self_Confidence 0.000 0.000 0.000 0.000 —0.057 0.000
Training_Satisfaction 0.000 0.000 0.000 0.000 0.000 0.000
INT1 0.621 0.215 0.194 0.000 —0315 0.176
INT2 0.657 0.228 0.179 0.000 —0.328 0.186

field, despite the fact that they expressed a moderate sat-
isfaction from their department’s curriculum, and they
did not feel well-prepared to clinically implement PGx.
Furthermore, SEM analysis’ results indicated a good fit of
the proposed model, pinpointing that some of the exam-
ined factors such as attitudes, training satisfaction and
self-confidence exerted a significant impact on students’
intentions to pursue further education in PGx and PM
field. Results from SEM analysis also demonstrated that
attitudes were the most influential factor, directly affect-
ing respondents’ intention to continue their studies in the
sector, a fact that is congruent with what Koufaki et al.,
2022 showed in a study among Malaysian and Greek
healthcare students [40].

Students mentioned that lectures, supplementary
material and laboratory training were the most useful
educational tools. This tendency is observed across all
academic years. Second-year students claimed that lec-
tures were the most valuable education tool. PGx- and
PM-dedicated module takes place at spring semester of
second year as in 21% of pharmacy schools in the USA
[41] and therefore corresponding students were affected
by it.

As far as the self-confidence concerns, most of the
respondents did not consider themselves as adequately
prepared to apply PGx in clinical practice except of

first-year students. It is likely that first-year students
overestimated their competencies and readiness in PGx
implementation. Second-year students were the least
self-confident probably because they realised their lim-
ited knowledge on PGx and PM subjects, while the stu-
dents of the last three study years were, slightly more
self-confident. In other studies individuals also charac-
terised their self-confidence in clinically applying PGx
as weak [26, 42]. Moreover, according to de Denus et al,,
2013, only a 7.7% of Canadian pharmacists claimed to
feel comfortable to integrate PGx in their daily practice
while only a quarter of USA pharmacists stated to be able
to interpret PGx results to their patients’ treatment [43,
44]. Moreover, Bank et al., 2018 found that an almost 28%
of pharmacy students thought that they were adequately
trained and prepared to interpret PGx testing data and
change medication or dosage [26].

Moreover, participants characterised their curriculum’s
satisfaction as intermediate, and they weren’t very satis-
fied. Final-year students shared the lowest level of satis-
faction regarding their studies which may be attributed,
inter alia, to their internships at community and hospital
pharmacies. These results are consistent with other stud-
ies in which 60.3% of individuals believed that their uni-
versity education was insufficient and only a third of them
supposed that lectures were comprehensive and clear [8,
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15]. This descending trend highlighted the insufficiency
of PGx-related material in latent modules and the stu-
dents’ demand for a more tailored educational scheme
that focuses more on learner’s skills, needs and wants.
Admittedly, new pedagogies have incorporated evidence-
based learning as an alternative teaching approach with
the objective to better prepare students for their future
professional career [7, 45].

Furthermore, participants from all academic years
expressed a very positive attitude towards PGx imple-
mentation in clinical practice, a strong indication of
being aware and convinced of PGx benefits. Students’
positive attitude was also highlighted by their willingness
to undergo a PGx testing or to recommend it to patients
or friends. Our results are in line with another study
occurred in Greece by Siamoglou et al.,, 2021 in which the
majority of health students had a positive opinion about
the topic and they mentioned that they would perform a
genetic test in the future. Other studies agreed with our
findings as well and pinpointed that positive attitude was
associated with a person’s intention to adopt a relevant
clinical intervention [14, 40, 46].

Positive attitude is also translated into positive inten-
tion, as it was hypothesised in our proposed model.
Students’ majority were prone to pursue postgraduate
studies in the future or continue getting updated about
the newest advances in the field. This may be also attrib-
uted to the fact that in Greece, all faculties—departments
of medicine and pharmacy include courses focussing on
PGx and PM in their undergraduate curricula, according
to the information provided by their webpages. Addi-
tionally, there are three postgraduate programmes with
a concentration on this field taught in the biggest Uni-
versities of Greece and the relevant academic research
laboratories offer doctorate programmes, as well. These
aspects highlight the high interest of Greek academics in
promoting PGx and PM and raising students’ awareness
about the importance of their clinical implementation.

Consistent with previous studies, this observation
is important and encouraging. In particular, Mahmu-
tovic et al., 2018 mentioned that 60% of the students
asked would like to continue their studies in the field,
Schwartz et al. 2017 demonstrated that 97% of the hos-
pital pharmacists expressed interest in continuing their
training, while in Indonesia, 94.2% of pharmacists were
interested in future education [42] along with Jordan
where a 75% of pharmacists expressed their will to par-
ticipate in postgraduate training activities or seminars
[14, 42, 44, 47]. Based on Pop et al., 2022, and Filipt-
sova et al., 2015, new generation of pharmacists were
more progressive and willing to implement innovative
technologies and interventions in their clinical prac-
tice with the objective to improve patient experience
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and provide them with better quality of services [8, 48].
To achieve it, it is fundamental to receive official train-
ing and accreditation. It is true that in many studies,
respondents, especially, professionals pinpointed that
pharmacists should be knowledgeable in terms of PGx
interventions since one of their main duties is patients’
education and counselling on their medication [3].

Despite the fact that students were willing to pur-
sue a PGx training in the future, their level of knowl-
edge was moderate and had no significant impact on
their intentions to read up with PGx and PM in the
future. The PGx and PM knowledge index calculated
in this study accrued from the total number of cor-
rect answers given to 10 statements already used and
validated in other studies [15, 25, 27]. Moreover, the
knowledge index, employed, managed to adequately
classify participants in terms of their level of PGx and
PM knowledge, as the relevant diagram of the overall
knowledge assessment yielded, approximately, a normal
distribution curve. Surprisingly, most students failed
to answer three knowledge questions related to PGx
clinical implementation. Indeed, only 20% of respond-
ents knew that PGx clinical guidelines weren't avail-
able for most of the medications, a fact that highlights
students’ need for less theoretical sessions and better
information about PGx testing availability in a com-
mercial level. Students of the last three academic years
demonstrated almost equal level of knowledge in the
discipline, but much higher than those of the first and
second year, also underpinning the necessity for more
PGx-relevant lectures. Pop et al., 2022 made a relevant
observation about information gap among Romanian
pharmacists [8]. They pointed out that even if Roma-
nian pharmacists had a relatively high level of theoreti-
cal PGx knowledge, most of them weren’t aware that
PGx testing was commercially available in their country
for many medications [8]. Low level of knowledge and
lack of information are significant barriers to PGx clini-
cal implementation [10].

The fact that knowledge did not affect students’ inten-
tions for postgraduate training may be attributed, inter
alia, to the low pace of PGx and PM implementation in
clinical practice. It was found that students’ intentions for
postgraduate training in PGx and PM faded approach-
ing to the completion of their studies. In fact, fifth-year
students were to some extent, reluctant to attend a rel-
evant MSc course. By the completion of the question-
naire, almost all graduates have attended internships at
community and hospital pharmacies and quite probably
realised the limited PGx and PM adoption in the clini-
cal setting. Therefore, they likely aspire to postgraduate
training in other more promising fields that would facili-
tate their initial career steps.
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The low level of students’ self-confidence coupled with
their moderate training satisfaction rate, as well, raise
several questions about the efficacy of current phar-
macy curriculum. Evidently, school’s curriculum needs
a change, especially considering that our study results
revealed that both student self-confidence and training
satisfaction affected positively their attitudes towards
PGx implementation in practice, and consequently, their
intentions to read up with PGx and PM. By incorporat-
ing case studies, publications, or even journal club ses-
sions dedicated to PM and its clinical interventions to
the existing courses, students would better understand
the correlation of all modules and gain a deeper knowl-
edge of PM. This could also be improved by the addition
of an elective course about the application of PM and
PGx in a pharmacist’s clinical practice, to wit, a change
from knowledge-based PGx training to a more practi-
cal one. This kind of addition would bear fruitful results
because pharmacists are more interested in receiving for-
mal training related to drug therapy recommendations,
results interpretation, patient counselling and education,
future advances as many studies claimed [13, 43, 49].

Limitations

Our study has a few limitations. The study sample con-
sisted only of undergraduate pharmacy students from
the University of Patras, and it didn’t represent all phar-
macy schools in Greece. Survey’s questionnaire couldn’t
include all factors that potentially affect students’ inten-
tions to pursue postgraduate studies in PGx. Finally,
study results may be biased by the COVID-19 pandemic
restrictions to teaching processes.

Conclusion

Pharmacists play a determinant role in clinical PGx
but their presence is still limited. Future generations of
pharmacists opted to apply new technologies such as
PGx in their practice but they considered themselves
as not adequately prepared and seek for postgraduate
opportunities to broaden their horizons. This phenom-
enon is global [7, 15, 26, 40, 47]. The low satisfaction
level from pharmacy department’s curriculum along
with low self-confidence indicates the need for curricu-
lum modifications to tailor students’ needs. Hence, it
is urgent for pharmacy schools to update and upgrade
their curricula accordingly and introduce more PGx-
and PM-related sessions. Study’s questionnaire proved
to be a reliable and promising instrument to interpret
pharmacy students’ intentions to pursue postgraduate
studies in PGx and PM. Given the close collaboration
of physicians and pharmacists in the clinical imple-
mentation of PGx, this survey instrument would also
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be suitable for understanding the underlying factors of
medical students’ aspirations to further develop their
knowledge and skills in PGx and PM.
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