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Abstract

The principal goal of pharmacogenomics (PGx) is to achieve the highest drug efficacy while maintaining a low toxicity profile. Historically, health care
systems used to target treatment for all individuals with the same diagnosis using a standardized medication or dose that fits all. However, a recent pattern
in medicine has emerged focusing on personalized and precision medicine. For effective implementation of PGx, there is a need for more collaborations
between all the stakeholders in the healthcare system to integrate the pharmacogenetics concept into practice. When it comes to the knowledge and
attitudes towards pharmacogenomics, the majority of medical professionals, including pharmacists and physicians, appear to lack appropriate knowledge
and training. Across the Middle East and Arab Region, only few studies have addressed this topic. The current review objective is to shed light on
pharmacists’ and physicians’ knowledge and attitudes towards PGx practice in the UAE, Arab and the Middle East region as compared to the rest of the
world. Moreover, highlighting the role of the pharmacists in the application of PGx services and the educational challenges that are faced. Proposed
solutions to improve the knowledge gaps will also be discussed. We also aim to provide the international readers as well as the local researchers with a
summary of the trends and distribution of the results across these countries.
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INTRODUCTION

Pharmacogenetics was first described by Friedrich Vogel in 1959
which has been initially used to describe the characteristics
of phenotypic variability resulting in a variable response to
specific medications and non-constant metabolism rate.! The
medical applications of genomics including pharmacogenetics
and pharmacogenomics (PGx) have been propelled to new
horizons after the completion of the Human Genome Project
in 2003 highlighting the importance of genetic studies across
different levels of the health care industries.>* PGx is a broad
field that combines the science of drugs (pharmacology) as well
as the science of genes, their interactions and function within
the individual environment (genomics) in one unified term.®

Variable drug response due to altered drug metabolism
is one of the key points in PGx. The big majority of the
medications undergo the process of metabolism by the well
know cytochrome P450 which play an important role in the
oxidative metabolism of many medications. The polymorphism
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of this enzyme can majorly determine the extent of safety and
effectiveness of the administered therapeutic agents. Different
types of cytochrome P450 exist including CYP2C9, CYP2C19,
CYP3A4, CYP3A5, CYP1A2 and CYP2D6. Those subfamilies
accounts for the metabolism of 70- 80% of the approved
mediations in the market. Including major drug classes used
to control diabetes, cardiovascular medications, medications
used in case of inflammation and much more.®’

Ethnicity appears to be an important contributing factor when
it comes to having an irregular response to the same drug. In
the United Arab Emirates (UAE) and other similar countries, this
is considered of high importance since the current population
are multiethnic and of diverse origins.®

The principal goal of PGx is to achieve the highest possible
efficacy while maintaining low toxicity for prescribed
medications.® Traditionally, health care systems used to provide
treatment for all individuals with the same disease through
a standardized dose that fits all. However, this has changed
in recent years with the emergence of precision medicine.
Precision medicine and personalized medicine encompass
several factors that enables tailoring therapy for each individual
through pharmacogenetics and pharmacogenomics; with
genomics being an essential component of both fields.°

From the pharmacology and therapeutics perspectives,
genomic profiling of individuals could explain why some patients
show a variable response to the same dose of a particular
medication.’* Moreover, understanding the genomic profile
and its interactions within specific cells is very important for
the implementation of individualized advances in treatment,
control, prevention, and diagnosis of diseases.?

Successful implementation of PGx has a major influence on
healthcare systems, shifting them towards an improved and
optimized therapies which serve both the patients as well as
the decision makers. This leads to faster drug selection and
dispensing, lower number of unpredictable adverse reactions
related to the medications, cutback in the overall costs of health
care services, decreased polypharmacy and lower overall costs
burden due to over prescribing unnecessary medications.®

The United States Food and Drug Administration (FDA)
estimates that around 15% of approved medications in the
market during the last several years contain information related
to pharmacogenetics in their labeling. However, only limited
utilization of these labels and information is made during
clinical decisions'**> despite the fact that PGx information is
constantly being added to encompass more medications. For
instance, between the year 2000 and 2020, the percentage of
approvals of new medications containing PGx information in
their labeling have almost tripled from 10.3% to 28.2%.%

Warfarin - which is a blood thinning agent - received an update
by the FDA in 2007 that included some changes to its label
indicating the impact of genetic testing, therefore suggesting
that dose adjustment is favorable prior to therapy initiation.””
Treatment with warfarin could be altered by genetic
polymorphisms in CYPC9 and VKORC1 enzymes leading to dose
variability up to 18% and 30% respectively among users.'®

Moreover, the FDA started to expand pharmacogenetic
testing recommendations to include more medications such
as carbamazepine, cetuximab and mercaptopurine as well as
many others. The FDA further extended their recommendations
toward human PGx testing by including dosing adjustment
information and drug response variability warnings on the
labels of more than 400 marketed drugs.>®

Over the last decade, PGx testing has been gaining more
momentum particularly in specific types of diseases where
they showed positive clinical outcomes in terms of reducing
the frequency of side effects and adverse drug reactions.???

Throughout the years, the National Institutes of Health
(NIH) has been funding scientist and research through the
Pharmacogenomics Research Network. They have been
extensively studying how the genes affect the medications on
wide range of diseases such as cardiovascular diseases, asthma,
depression, and cancer. Those specialized information and
findings are being collected in dedicated online resources called
the Pharmacogenomics Knowledge Base (PharmGKB) and the
Clinical Pharmacogenetics Implementation Consortium (CPIC).
Over the past 10 years the CPIC has successfully published 23
guidelines, those guidelines have covered 19 genes alongside
46 medications which are used at various therapeutic
divisions.?> One of the primary goals of NIH initiative on
precision medicine is to individualize and tailor the treatment
for the patients based on the individual person’s genes,
lifestyle, environmental factors and other related factors. NIH
is also supporting pharmacogenomics research to make sure
physicians implement these findings as part of their patient
care.?*?® Recently NIH has funded several clinical trials with
$42 million over a period of five years as part of Implementing
Genomics in Practice project (IGNITE). One trial is examining
whether granting an early access to the patient genomic data
could be useful for the treatment of hypertension and chronic
kidney disease. While another trial is targeted towards pain and
depression. This trial is testing if patients with either chronic or
acute post-surgical pain will benefit and have better outcomes
if pharmacogenomics testing was used to guide prescribing
opioid and antidepressant.?’

With the rapid advancements in the genotyping technologies
and bedside testing, the prospect of delivering precision
medicine and individualized treatments for each patient is
becoming more realistic. Nevertheless, the utilization of PGx
in the clinic is considered to be relatively lagging due to the
poor adoption among the health care providers. Several
reasons could explain this poor implementation such as
limited knowledge on pharmacogenomics, over confidence
and inadequate awareness by the health care professionals.?®
Additionally, the limited access to various types of PGx testing
in health care facilities could be another reason that hinders
practitioners from applying genetic testing for the purpose of
optimizing medication use.?

To successfully apply pharmacogenetics into practice,
pharmacists and other health care specialists need to be
prepared and empowered through knowledge and awareness.*
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Despite some efforts that are being put into educating
pharmacists and physicians on PGx across the developed
nations, most health care professionals still have inadequate
knowledge at the global level.?*** Pharmacists who are well
educated and aware of PGx can contribute by educating the
multidisciplinary health care team and this is in addition to
their vital contribution in applying PGx. Patient compliance
could be significantly improved when pharmacists have
adequate education on PGx as patients will be less prone to
the adverse effects of medications.> Lack of PGx knowledge is
common among physicians with the majority being unaware
about its applications and less than 10% reporting that they are
extremely familiar with this field.34-3

Understanding the extent of interactions between drugs and
the relevant genes, in addition to educating and promoting
awareness to all healthcare professionals could be blended
in real world practice. This will improve clinical outcomes by
offering precise individualized medicine in an approach towards
a safer, more cost effective and overall, a well optimized health
care system.

Globally studies evaluating health care professionals’ level of
knowledge as well as their attitudes towards such intervention
are readily available. However only few of these were
conducted in the middle east and Arab world.3336-3

OBIJECTIVES

The current review is aimed to shed light on pharmacists’ and
physicians’ knowledge and attitudes towards PGx practice
in the UAE, Arab and the Middle East region as compared
to the rest of the world. Moreover, highlighting the role of
the pharmacists in the application of PGx services and the
educational challenges that are faced as well as proposed
solutions to improve the knowledge gaps.

METHODS

An extensive search through the literature up until March
2022 was carried out with manual searching of bibliographies
for relevant references by using several databases: including
PubMed, EMBASE, academic journals, and Bibliographic
electronic data as well as web-based researching. The language
of the search was set to include papers written in English
language and data searching were not restricted by any defined
date.

Literature review

Knowledge and attitudes of physicians and pharmacists
towards pharmacogenetic practice in the UAE

Clinical application of PGx is receiving more attention
nowadays, it is predicted that by encouraging the successful
implementation of this new field across the different sectors of
the healthcare system, there will be noticeable improvement
in the overall safety and disease control. Even though a good
number of new interactions is being identified everyday
between different classes of drugs and human genes, yet it is

still not easy to overcome the set of challenges and limitations
that may arise when trying to apply PGx in real world practice.*

The perception of the general public of the UAE on genetics
was recently assessed in 2021 through a survey study that
included 565 subjects residing in UAE. The authors reported
that the majority of the studied population showed limited
understanding of genetic concepts.*

When it comes to knowledge and attitudes, the majority of
medical professionals seem to be unaware of the basics of
genomic medicine. Similarly, from the patient’s perspective,
they are also unaware of how such testing could impose a
positive outcome on their health.*

Several global academic institutes have already started merging
PGx to be supplemented as part of their education program
leading to an improved knowledge and enhance the ability of
health professionals to educate patients about PGx testing,
therefore integrating PGx as part of the academic curricula
within our region could potentially reduce the knowledge
gaps.3>** The availability of quick genetic testing is another
limitation as they are not readily accessible by the providers
when needed. Further support is needed in many aspects to
overcome those limitations such as further training for the staff,
financial support and sufficient evidence and data indicating its
effectiveness.*

Meanwhile Pharmacogenetics is receiving a lot of attention
in the UAE and around the region. Many practice sites in the
region are already starting to recommend implementing
pharmacogenetic testing to guide medication therapy.
However, the actual application of rapid gene testing in real
practice across this region is still lacking.

Up to this date not many studies have been published
addressing this topic, therefore summing up and summarizing
these few studies could provide helpful insights on the nature
and extent of PGx application across this region.

Inthe UAE, arecent cross-sectional studyin 2020included a total
of 510 students which aimed to understand this relationship
more in depth among medical and health science students, of
which 29.3% and 52.2% were studying pharmacy and medicine
respectively. They found a noticeable difference between
these studied groups, specifically there was a big gap in the
knowledge level depending on the year of study these students
are enrolled in, also the enrollment in training programs or
interns was associated with greater knowledge. Among those
who were enrolled in prior training program, 62.5% were found
to be having relatively good level of knowledge.

Out of the studied group, when comparing between pharmacy
and medicine students, pharmacist scored knowledge score of
5.5 whereas medicine students scored 5.6.

Over 59.7% of the students stated that they did not receive
enough knowledge or sufficient training whereas 58.7% agreed
that in the meantime there is poor guidance in how to apply
PGx in clinical practice. Lack of knowledge but high interest
seems like the case in this country as well. The deficiency or
absence of having accessibility to these test as well as their
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relative high cost were addressed by the enrolled students.*
As compared to Jordan, medical and pharm-D students showed
similar pattern in terms of insufficient PGx knowledge as
well as low preparedness levels to conduct these tests while
maintaining overall positive attitudes.*®

In agreement to the above studies, medical students in the
United States (US), stated that only 29.8% of them had covered
a genetic course, and those who took a genetic course were
found to be more likely to be confident and comfortable to deal
and answer questions related to PGx.*’

Similar outcomes were documented across the health
professional who are involved in practice in UAE in regard to
their interest and attitudes. However, compared to the previous
study which included medical students, health professionals in
the current study including pharmacists, nurses, and physicians,
91% of them showed that genetic testing are readily available,
yet the biggest concerns were about the coverage of these
kind of tests by insurance companies additional to their low
level of experience and training in conducting such genetic
testing. The knowledge scores among these practitioners
were variable, with highest knowledge score among medicine
scoring 6 followed by pharmacist with a score of 5.1 and lowest
knowledge score was reported by the nurses with score of 4.8.3
Contrarily, in Egypt, pharmacist had a better PGx knowledge
score than physicians while both groups had promising positive
attitudes. Egyptian pharmacists also were more likely to agree
that it is their responsibility to deliver these services in clinical
practice compared to the physicians from the same country.®® In
Greece, almost half of the included pharmacists and physicians
evaluated their knowledge levels about PGx and personalized
medicine to be poor.*

As mentioned earlier, PGx can potentially reduce medications
adverse effect while the same time optimizing and enhancing
drug efficacy. With the rapid emergence of PGx in practice,
software and data becomes more complex to integrate and
analyze therefore PGx becomes more user demanding. This
requires the health professional staff to be more involved
in its application. Therefore, knowledge and educational
background about PGx becomes more crucial as the demand
towards PGx and personalized medicine in the UAE is becoming
more noticeable.>®

Recently,afocusgroupdiscussion wasconducted onpharmacists
working in the UAE. The study outcome recommended several
key factors that were concluded from the discussion with the
pharmacists. Suggesting the need of an early PGx education
across the universities, collaboration between universities and
organizations to conduct PGx related workshops, emphasis
on the importance role of the pharmacists as well as the
development of an efficient electronic systems to aid with
decision making. The authors believe that if pharmacists were
having sufficient knowledge, they will have a significant impact
on healthcare system and improving patients quality of life.>!

Recently, the UAE has launched a new program called Emirati
Genome Program as part of ministry of health & prevention
initiative in collaboration with Abu Dhabi Health Services

Company (SEHA). The program is currently in its initial stage
inviting more citizens of the UAE to participate with either
a buccal swab or a blood sample. The program vision is to
develop a genetic mapping database of the Emirati genome.
It is focused on providing comprehensive personalized and
preventive approach to facilitate disease prevention, diagnosis,
and treatment in the healthcare system of the UAE.*? Despite
the concepts of applying PGx is relatively new to the UAE,
yet we can see that most of the studies have confirmed the
three have been an interest in advancing with PGx concepts
by both the governmental bodies as well as the health care
professionals working in the UAE.

Pharmacogenetics knowledge and attitude of physicians and
pharmacists in the Arab world and Middle East

In this review we tried to combine those few published studies
conducted across the Arab Region into one review so that this
article may help to provide the readers as well as the local
researchers in this region a summary of some of the trends and
distribution of the results across these countries.

The population in the MENA region is quite unique and of great
interest due to the fact that these countries have multi-ethnic
population with diverse genetic makeup. This is because there
has been continuous migration in and out of the countries in
this region leading to a mixed population of different ethnicity
such as Arab, Asian, African, and Caucasian.>?

In Jordan a study included 128 pharmacists in which their
knowledge scores were measured, the outcome is quite
similar to previously mentioned studies where they also scored
very low in regard to their knowledge, yet they showed high
motivation in implementing it. Almost half of the participant
answered PGx could be related to their profession.>*

Over 64% of participant pharmacists were concerned that
these types of testing could put the patient with unwanted
psychological negative effect which could arise due to the
discovery of other signs related to other diseases at the time
of testing. Around 75% of the included pharmacist were feeling
optimistic about the use of PGx in reducing the incorrect usage
of medications or the use of inappropriate doses.>* These low
knowledge scores in Jordan were assessed by Al-Eitan et al.
where they have reviewed different physicians and pharmacists
working at different institutes and hospitals, the majority of
them explained that during their studies, PGx studying were
covered for not more than 10 hours throughout the whole
program they were enrolled in.>® As compared to the United
Kingdom (UK), the majority of medical related schools had
included at least 1-2 hours of PGx teaching in their teaching
programs.®

Recently a cross sectional study was conducted that included
200 physicians practicing in King Abdullah University Hospital
in Jordan. These physicians were assessed according to rogers’
theory which aims to evaluate several factors that influences
their willingness towards adopting point of care rapid PGx
testing in practice. Three major factors were reported by
the physicians had the most significant importance on PGx
testing; ranked in order of their reporting frequency by the
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studied group, those were perceived need, relative advantage,
and compatibility of PGx testing in current practice. 90% of
Jordanian physicians believed that PGx testing is essential
specially in case of non-response or adverse drug reactions.®

Similarly, another group of researchers did a larger scale study
that included pharmacy students from 5 different universities
located on the west bank of Palestine and Jordan. Most
students were aware that genetic factors can contribute to
altered drug effect despite the relativity low number of PGx
lectures they have received during their study, with majority
of them having received not more than three lectures in total.
Unfamiliarity about the FDA recommendations for some of
the medications that contain PGx properties were reported
among the participants additional to the poor understanding
for which PGx testing can be used in clinical settings.*® In a
more recent study conducted on pharmacists in the west bank
of Palestine, over 60% of the participants stated that PGx was
not sufficiently covered as part of their pharmacy curriculum.
Moreover almost 90% of the included pharmacists believes
that PGx testing will allow them to enhance their abilities when
it comes to reducing the medication therapy expenditure.®’

These findings were further confirmed by a recent cross-
sectional study published in late 2021. The study included
900 medical and pharm-D students in Jordan. The overall
percentage knowledge score was poor with a score of 46.7%.%

In Syria, a recent study evaluated physicians and pharmacist’s
knowledge concerning PGx. Years of experience had no impact
on the knowledge levels between both groups. Equally to
the other studies within this region, this study confirmed an
overall lack of knowledge among the Syrian physicians and
pharmacists. Profession had an impact on the knowledge
levels, with pharmacists being better equipped with knowledge
compared to physicians, an explanation was proposed by the
authors is that pharmacists do receive additional PGx education
in their pharmacy program curricula. furthermore, pharmacists
were more aware about the patient’s genotype, and its impact
on medications as compared to physicians. Limited resources
and economic obstacles in Syria were considered as the major
obstacles that hinders the progression in this field.3! Compared
to the above study, the years of experience in the US opposingly
had an impact on pharmacists knowledge and interests, those
having less than 10 years of experience had the highest score in
PGx knowledge assessment as well as having the highest level
of interests in continuing further education in PGx.%®

In agreement to the above study, pharmacists and physicians
practicing in Egypt at Children’s Cancer Hospital have shown
similar results. with pharmacists’ responses being more
agreeable regarding statements about their responsibility to
apply PGx in practice. However, the knowledge levels were
still low across Egyptian physicians and pharmacist despite
their positive attitudes about its clinical application. Another
two major barriers were frequently addressed by the study
participants, those were lack of funding and the unavailability
of PGx devices in Egypt.*®

These obstacles are quite similar from other parts of the

world, for instance in Africa PGx concepts and its applications
are remarkably low. Similar to Syria and Egypt, the lack of
knowledge and funding as well as limited research and clinical
data are the most common obstacle in Africa that hinders
progression of PGx knowledge base.>®

In Lebanon a group of medical students were enrolled in a
survey focused on PGx testing related to a clinical scenario.
The participants were against the therapeutic plan that would
follow the test results of PGx testing. Additionally, the students
were concerned about discussing test results with the patients
in case of poor prognosis.®! Patient confidentiality were also the
focus of American Medical Association in which they examined
the risks of disclosing patients’ privacy and confidentially that
is related to genetic testing.?

The scenario is quite similar for the surrounding countries and
Gulf Region. A study in Qatar confirmed similar attitudes to
what was mentioned earlier, in which the study participants
were grouped into two groups, as pharmacist and the other
group were physicians. Both groups scored relatively very
low indicating poor understanding of PGx and insufficient
knowledge to practice itin a sufficient and effective way. Despite
both groups had low background and overall knowledge, yet
the pharmacist came out to be more willing to implement PGx
concepts alongside their primary duties.®®

Another study published in 2018 in Kuwait reported even more
interesting numbers about the degree of PGx education and its
application. The study included 629 pharmacists and doctors,
out of this study sample, only 8.9% of the studied participants
had received previous orientations or education related to
PGx.*®

PGx is starting to receive some highlight in the recent years
across the Gulf Region. It is now being considered as an
essential domain that significantly improve the quality of
health care system.

Several foundations and databases have been recognized
within the Arab nations, specifically in some of gulf countries
which are conducting research to facilitate PGx application,
including the Catalogue of Transmission Genetics in Arabs
(CTGA) which is located in the UAE that aims to provide a huge
database that tend to include genetic diseases that have been
documented in Arab and UAE citizens, this database is part of
the Arab genomic studies.

The other program is located in Kingdom of Saudi Arabia (KSA)
called Saudi Human Genome program (SHGP) that is concerned
with studying diseases on the genetic level on patients in
the gulf region.®*% Additionally, the Centre of Excellence in
Genomic Medicine Research (CEGMR) located in KSA, Jeddah
at King Abdulaziz University, is another center that have been
recognized to be specialized in individualized medicine.®

Study by Algahtani, M. showed that only one third of the
hospital pharmacist in KSA had any prior training related to PGx.
Half of the included pharmacist reported that their hospital
organizations were naive about the advantages and positive
health outcomes as a result of implementing of PGx as part
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of their daily hospital operation.® Similarly, a study published
in 2021 was conducted on governmental hospital pharmacists
from 5 different hospitals located in Jeddah, KSA. Researchers
found governmental hospital pharmacists generally scored
low in terms of knowledge about PGx, while moderate in
confidence score for utilization of these tests, and finally a
positively high score in perception about the importance of
PGx testing. Undoubtedly, pharmacists who had received
post graduate degrees were found out to have a statistically
significant better knowledge score. Researchers recommended
that the integration of the PGx into the clinical pharmacy
practice could help in improving the health care system in
Saudi Arabia.?” In contrast, an observational study published in
2022 was intended to evaluate the knowledge and attitudes
of pharmacy student in KSA. 41.8% out of the 522 enrolled
participants were able to successfully define PGx and 81.3%
were aware that genetic factors can be a reason that leads to
adverse reactions. Over half of the students agreed that PGx
testing are recommended for certain medications by the FDA.%8
While in another study done on 671 KSA pharmacists, 29.8%
scored good PGx knowledge and 42.0% scored poor knowledge
levels. PGx knowledge was also observed to be better among
outpatient dispensing pharmacists in KSA.*® These fair
knowledge levels in KSA are in accordance with other PGx
studies done in other countries such as in the US and UK.7%7*

Across the Northern Cyprus, pharmacists graduated from
Cyprus and Turkish universities were enrolled in the study.
The findings of this study reported that pharmacists were
considered as the greatest source to obtain PGx information
followed by physicians and genetic lab equally. Furthermore,
pharmacists in North Cyprus showed an overall positive
attitude towards PGx with a mean knowledge score of 6.9 out
of 10. 41.8% of the enrolled pharmacists disagreed that the
starting dose of warfarin would be better determined if we had
a genetic profile of the patient.”? While in another study from
developed countries, 81.5% of the health care professionals
believed that PGx testing would reduce warfarin adverse drug
reactions.”®

Overall, across the Arab world and MENA region a lack of
PGx knowledge was observed amongst the pharmacists and
physicians yet maintaining positive interests and attitudes.
Emphasis on education and training health professionals could
significantly facilitate the implementation process of PGx in
practice within this region.

Global Knowledge and attitudes among physicians and
pharmacists towards pharmacogenetics

Some of the developed countries such as United States (US) and
parts of Europe have already started conducting PGx training
for their pharmacist to familiarize them with its concept,
whereas in one of the studies included pharmacy student who
have received a training program, the participants showed a
significant improvement of 50% in capability of educating
patients about pharmacogenetics and its method of testing.
However, this is rarely the case in the developing countries.3>7*

A study in Malaysia reported that the level of knowledge was

poor among groups of pharmacist and general practitioner,
yet they showed a strong urge to be involved in receiving
further education, workshops, and training. Similarly, it was
found out by another report in Africa, that over half of the
study participants were lacking the awareness and deficient in
knowledge towards PGx.”>7® In one of the systematic reviews
evaluating pharmacist’s perception towards PGx, as reported
by Yau, A. et al. showed that there has been relatively good
improvement in pharmacists’ knowledge about PGx among
several countries with up to 12% improvement between the
years 2005 and 2013.77 Despite their low knowledge, 95% of
Pharmacist in United Kingdom (UK), thinks implementing PGx
will likely reflect positively on patient health, compared to only
67% in Malaysia.”>”®

Another study carried out among Ukrainian pharmacist; two
thirds of the participants were unaware that they can have a
participation in PGx conductance.”

Likewise, a study in Australia stated that most of the pharmacist
were not ready to counsel their patients as they had low
confidence about their knowledge.®

On the other hand, study in the US and Japan which included
a total of 282 pediatricians, over 75% of these had previously
received some education about genetics, yet less 10% of
these were aware of clinical pharmacogenetics. However,
despite their poor level of awareness about this field, 80% of
them believe that pharmacogenetic could improve the safety
and efficacy as well as willing to apply it in their pediatrician
specialty.®

Surprisingly in Indonesia, researchers had compared the
level of pharmacists’ awareness between those who works
at pharmacies in hospitals and others who are involved in
community pharmacies. The result showed that the former
group had much lower level of awareness in comparison to the
latter group.®?

These global findings provide baseline data on the knowledge
and attitudes of PGx among physicians and pharmacist globally.
Few of these countries have started to introduce PGx training
programs yet many remain to do so. Continuous professional
development for health practitioners in PGx education is a
necessity nowadays in order to develop a solid knowledge base
that can be successfully applied clinically.

The role of the pharmacist
pharmacogenetics services

in the application of

As more pronounced advancements in clinical practice are
being made, PGx services are considered an essential part of
this discipline. This is thought to have a major impact on how
drugs will be developed, as well as changing the traditional
practice of “one dose fits all” to a more individualized regimen
for each patient, thus altering decision making strategies.®

Pharmacists are well recognized by their broad knowledge
in pharmacotherapy and pharmacology. Additionally, they
serve as a vital link between patients and physicians which
makes them one of the most important building blocks for the
progression of PGx systems.
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Also, being the most accessible health care providers, their
role requires utilization of knowledge in actual dynamic clinical
application. This is all for the purpose of ensuring that the
medication use is optimized.

The pharmacist’s role extends even further which allows
them to work with different authorities such as the ministry
of health, drug manufactures and other health professionals.
This enables them to be involved in different aspects of the
process of PGx such as data processing and application in the
development and labeling of drugs prior to their approval and
availability on the market.®*

The American Society of Health-System Pharmacist (ASHP)
recent statements and recommendations lists pharmacists
as one of the trusted health professions who can lead the
development of recommendations and guidelines in clinical
pharmacogenomics.®

Similar to the pharmacist role in medication therapy
management, recent reports suggest increasing evidence on
how PGxis leading to improved patient outcomes and enhanced
quality of life.®® Given that patients are the most critical part of
the using this approach, one pilot study was conducted among
outpatients in the cardiology department. After implementing
the use of PGx with medication therapy management service,
the study reported that patients surveyed were very satisfied
with this service as it was incorporated within their usual
therapies.®’

Educational challenges & proposed solutions to improve the
knowledge gaps

One of the key factors that limited the application of PGx is the
widespread lack of knowledge around the globe. The difficulty
in transforming the acquired knowledge into practice is another
barrier.® The educational barrier has been proposed by several
studies as one of the biggest obstacles of the undergraduate
programs in the Arab world countries which were done on
pharmacists and physicians.314854

Additionally, the lack of experienced faculties to carry out the
teaching strategies of PGx courses is another barrier that limits
the competencies of the students upon graduation.® Pharmacy
students who were enrolled in PGx courses had a better
understanding of PGx tests, additional to their higher level of
confidence in adopting these methods in their daily practice.®®
Aside from pharmacists, physicians do exhibit significant gapsin
knowledge as well. Half of the surveyed physicians stated their
concern about not having received minimal PGx education.**

Another challenge that has been addressed by recent reviews,
is the lack of accessibility and availability of validated PGx
algorithms information additional to the searching for the
appropriate PGx information is not quite easy.’>%

Due to the novelty of PGx testing and its newly introduced
to the clinical practice, it is faced by many barriers and
poor acceptance. For instance, clinician resistance against
genetic testing is one of those barriers, in addition the poor
communication between allied health professionals. In one of
the studies, physicians were 11% less likely to offer a test if it

was labeled as genetic test as compared to non-genetic.*

Different solutions have been proposed, one of those is to
blend training programs in the post graduate education.
Pharmacogenetics fellowship is another solution to prepare
the post graduate students with the basic educational and
practice needs. An exposure of health professionals to the
research field and the advancements made through this field
can be of great value.*®

Moreover, using on demand educational resources can be
another strategy. This strategy would allow pharmacists or
other practitioners to learn about specific PGx services as they
go over it during the testing process, this would allow to save
time and ease the learning process.*®

PGx training program with certificates issuing can promote
participation, such programs can take up to 20 hours to
complete and will prepare the participants with fundamental
information about PGx and its applications.®”

Education alone without a standardized program is not
sufficient, since most of the programs focuses on the theoretical
aspect due to the lack of training facilities that are equipped
with PGx services. Therefore, there is a need of standardized
protocols to modify the curricula and train the students about
the applications of PGx testing in practice.

CONCLUSIONS

Based on our review of the literature, there seems to be a
global as well as a local inadequate level of knowledge and
awareness on PGx and its application. This is not only among
pharmacists but also among practitioners from different health
care sectors including physicians and nurses. However, several
studies have shown that health care professionals do exhibit
acceptable general knowledge about genetics despite the low
level of formal education they have received on this topic,
which could indicate that acceptance and application could
be further improved if they receive more extensive education
through workshops and trainings during their professional
careers.>*>®

Further focus on PGx in the early years of formal education
for health care professionals needs to be considered and
implemented within their education curricula. This will enable
them to better be prepared to convert their knowledge into
clinical practice upon graduation.

The emerging field of pharmacogenomics requires collaboration
between all the involved multidisciplinary professionals in the
healthcare system and the governing bodies. This is particularly
important because even in scenarios when practitioners have
the required knowledge there still remains the need for further
support from the governments, policy, and decision makers to
reach the desired outcome and overhaul the pharmacogenetics
concept into practice.

The proper application of genetic testing could be used to
not only enhance efficacy and reduce the occurrence of
unpredictable adverse drug reactions but also it can be blended
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with the treatment of certain conditions that may require the
patient to receive polypharmacy. Therefore, proper genetic
testing and dose adjustments could significantly reduce the
amount of prescribed medications, hence improving patient
outcomes while maintaining an overall lower cost of healthcare.

This can be used as an important key factor to encourage
the insurance companies and decision makers to take in
consideration these type of tests as they could significantly
lead to an enhanced cost-effective therapy.%®

PGx can be an essential field if implemented successfully. The
existing available data seems to be very limited in the UAE and
MENA region. The challenges and barriers which are reported
by the health care professionals could be used as an initial step
to build up upon further strategies. Hence overcoming the
knowledge barrier first, will allow the allied health care system
to develop a more in-depth integration of the genome testing
into the practice. The focus on education alone is not enough,
there remains the need of an additional effort by academic

institutes to develop a standardized curriculum that will better
equip the students with PGx practice experience during their
under and post graduate studies.
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