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Background: Pharmacogenomics is a field of science which studies the impact of inheritance
on individual variation in medication therapy response.

Aim: We assessed healthcare professionals’ knowledge, attitude, and interest toward
pharmacogenomics.

Methods: A cross-sectional survey was conducted using a 32-item questionnaire among phy-
sicians, nurses, and pharmacists who were working at the University of Gondar Referral and
Teaching Hospital in northwest Ethiopia. Descriptive statistics was applied, and the categorical
variables were summarized as frequency and percentages. An analysis of variance (ANOVA)
test was performed to compare mean scores among health professionals. A p-value of <0.05
was considered as statistically significant.

Results: Of 292 health professionals who responded, the majority were male (60%) and the
mean age of study participants was 27.00 (+4.85 SD) years. The mean knowledge scores of all
participants, pharmacists, physicians, and nurses were 2.343+1.109, 2.671+1.059, 2.375+1.093,
and 2.173+1.110, respectively. Based on the ANOVA test, a statistically significant difference
was noted in mean knowledge score between pharmacists and nurses (p=0.002). More than two-
thirds (67.33%) of nurses, 42.86% of pharmacists, and 40.27% of physicians who participated
did not know that genetic variations can account for as much as 95% of the variability in drug
disposition and effects. The ability to accurately apply their knowledge to drug therapy selection,
dosing, or monitoring parameter was reported by 35.3% of the participants. More than two-thirds
(69.2%) of participants thought that pharmacogenomic testing will allow the identification of
the right drug with less side effects. Most of the participants (83.2%) also requested to have
training on pharmacogenomics.

Conclusion: Participants showed limited knowledge, but they had positive attitude toward
pharmacogenomics. Educational programs focusing on pharmacogenomic testing and its clinical
application need to be emphasized.

Keywords: pharmacogenomics, genetics, personalized medicine, Gondar University Referral
and Teaching Hospital, Gondar

Introduction

Differences in response to medication therapy among individuals have been explained
largely in terms of variations in weight, renal function, and age among patients or due
to drug—drug interaction. In addition to these factors, pharmacogenetics is also one
of the determinants of medication therapy variability.' In other words, one particular
medication therapy can be effective but cause severe side effect in a group of patients
while resulting in no response in terms of either toxicity or the intended therapeutic
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effect in others. Differences in individuals’ genetic makeup
are found to be the major reason for this discrepancy and
account for an estimated 20-95% of variations in medica-
tion disposition and effect.? Pharmacogenomics is a field of
science which studies the impact of inheritance on individual
variation in medication therapy response.** Currently, more
than 100 medications are identified by the US FDA to have
variable responses among individuals with certain genetic
variations and hence are made to be labeled with pharmacoge-
nomic information.* This information can aid the prescribers
about the potential events and also helps to utilize genetic
information during the therapeutic decision-making process.’
Many health professionals are not competent enough in
the field of pharmacogenomics, even though results from
different studies promote pharmacogenomic practice and
education. They continue to lack confidence and education
in this field.* If the concept of pharmacogenomic science is
to be translated into clinical practice, all those involved in
health care service including physicians, nurses, and phar-
macists need to be educated well about pharmacogenomics.?
Despite the fact that pharmacogenomic testing and appli-
cation of the information will have positive impact on the
treatment of diseases, gaps are documented with respect to
knowledge and attitude toward pharmacogenomics among
health care providers even in developed countries.* In Ethiopia,
studies addressing such issues were not done at all. This
research aimed at disclosing the knowledge, attitude, and inter-
est of health care providers at the University of Gondar (UOG)
Referral and Teaching Hospital toward pharmacogenomics.

Methods

An institutional-based cross-sectional study was conducted
among health professionals including nurses, pharmacists,
and physicians together with graduating students from
nursing, pharmacy, and medicine department who were at
their final-year clinical attachment at the UOG Referral and
Teaching Hospital from April 1 to May 30, 2016. The hos-
pital is a 550-bedded teaching hospital located in northwest
Ethiopia 750 km away from the capital city, Addis Ababa.
According to data from human resources office of the insti-
tution, more than 820 health professionals composed of
physicians, nurses, pharmacists, laboratory technologists
anesthetists, and radiographers were actively engaged in
health care service. In addition, graduating class students of
the respected departments were also actively involved in the
process of health care provision. The hospital has 14 wards
in 5 inpatient departments together with 14 different units
for outpatient services.

Source and study population

All pharmacists, nurses, medical doctors, and graduating
class students from nursing, pharmacy, and medicine depart-
ments at the UOG Referral and Teaching Hospital were
our source population, whereas those pharmacists, nurses,
medical doctors, and graduating class students from nursing,
pharmacy, and medicine departments at the UOG Referral
and Teaching Hospital who were available during the study
period were our study population.

Inclusion and exclusion criteria

All Ethiopian nurses, medical doctors, pharmacists, and
graduating class students from these disciplines of both
genders working at the UOG Referral and Teaching Hospital
were included, whereas those who were unwilling to return
the questionnaire on time were excluded.

Survey questionnaire

We used a survey questionnaire employed by a previous
research done among Jordanian pharmacists after secur-
ing permission to reuse it with little modification from the
corresponding author.® The obtained questionnaire was
pretested among 20 randomly selected health care providers
for reliability and validity. No language problems and correc-
tions were encountered. The survey questionnaire was then
distributed during a face-to-face interview, and participants
were allowed to fill the survey questionnaire during their
leisure time.

The survey questionnaire consisted of a total of 32 ques-
tions in 5 sections. Section 1 included questions related to
the sociodemographic information (9 items). Section 2 had
questions about their general pharmacogenomic knowledge
(5 items; true, false, or I don’t know), and self-assessed
knowledge (4 items). Section 3 involved questions on
attitude toward pharmacogenomic testing (6 items) which
was assessed using a S5-point Likert scale (strongly agree to
strongly disagree). Section 4 had questions regarding future
expectations about pharmacogenomic testing (4 items;
strongly agree to strongly disagree). The final section
included 4 questions concerned regarding pharmacogenomic
education (the questionnaire is available on request to the
corresponding author).

Ethical considerations

The study protocol was approved by the institutional ethi-
cal committee from the School of Pharmacy, UOG. Verbal
consent of willingness to fill the questionnaires was obtained
from the participants, and contact information of the
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researchers was provided. Participation in the survey was
voluntary, and no compensation was provided. Confidential-
ity of the data was maintained by not disclosing any personal
details of the study participants.

Statistical analysis

The obtained data were checked for accuracy of the informa-
tion provided, and then the data were entered into Statistical
Package of Social Sciences program version 22.0 for analy-
sis. Descriptive statistics was applied, and the categorical
variables were summarized as frequencies and percentages.
The continuous variables were expressed as means and SD.
Knowledge score was calculated for the 5 questions by
giving 1 point for correct answers and no point for wrong
or “I don’t know” answer. Analysis-of-variance (ANOVA)
test was performed to compare mean scores among health
professionals. A p-value of less than 0.05 was considered as
statistically significant.

Results
Sociodemographic characteristics of
study group

The characteristics of 292 survey participants are summarized
in Table 1. Of the respondents, approximately 60% were
male with a mean (SD) age of 27.00 (+4.85) years and were
single (67.1%), from orthodox Christian religion (65.1%),
and with an average monthly income 0f 2100—5077 Ethiopian
Birr. More than half of the health professionals were nurses
(51.3%), with BSc qualification (30.5%), and having an aver-
age of 03 years of work experience (42.5%).

Assessment of general knowledge of

pharmacogenomics
Using ANOVA, the mean knowledge score of all participants
was found to be relatively low (2.343+£1.109). The mean
knowledge scores of pharmacists, physicians, and nurses were
2.671£1.059, 2.375£1.093, and 2.173%1.110, respectively.
There was statistically significant difference in knowledge
between pharmacists and nurses (p=0.002). Homogeneity of
variances was checked using Levene’s test (p=0.699). While
almost three-fourth of study participants (73.29%) knew
that slight difference in a person’s genome can have a major
impact on how the person responds to medications, 71.3% of
participants did not know that pharmacogenomic diagnostic
testing is currently available for most medications.

A significant knowledge gap between the health profes-
sionals was noticed. For instance, 90% of the pharmacists

Table | Sociodemographic characteristics of study participants
at the University of Gondar, April [-May 30, 2016 (N=292)

Variables Frequency  Percentage
Sex Male 174 59.6
Female 118 404
Age (meanzSD) 27.00+4.85
Monthly income  2100-5077 123 42.1
(ETB) 5078-7286 56 19.2
7287-14000 29 9.9
>14000 2 0.7
Primary job Nurse 150 51.3
roles Physician 72 247
Pharmacist 70 24
Years since last 03 124 42.5
graduation 4-6 84 28.8
7-10 77 26.4
>10 7 24
Highest Medical doctor 16 55
qualification BSc 89 30.5
BPharm 32 11.0
MSc 21 72
Intern 46 15.8
Graduating class 0 1o
pharmacy
Graduating class 43 147
nurse
Residency I 38
PhD student 2 0.7

Note: | US$=23 ETB.
Abbreviations: ETB, Ethiopian Birr.

correctly answered for the statement “slight differences in
genome can have a major impact on medication outcomes”
compared to 73.6% of the physicians and 65.3% of the nurses.
Similarly, 67.33% of the nurses, 42.86% of the pharmacists,
and 40.27% of the physicians participated did not know that
genetic variations can account for as much as 95% of the
variability in drug disposition and effects (Table 2).

Self-assessed knowledge of
pharmacogenomics

Less than half of the respondents (43.1%) thought that they
were capable of discussing pharmacogenomic information
with other health care providers. The ability to accurately
apply their knowledge to drug therapy selection, dosing, or
monitoring parameter was reported by 35.3% of the partici-
pants, whereas 39.4% claimed that they can identify which
medications require pharmacogenetic testing (Table 3).

Attitude toward pharmacogenomic
testing

The majority of participants agreed that pharmacogenomic test-
ing would be associated with benefits such as decreased adverse
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Table 2 General pharmacogenomic knowledge of health professionals at the University of Gondar referral hospital, April 1-May 30,

2016 (N=292)
S. No. Statement Response Pharmacist Nurse Physician Total
(n=70) (n=150) (n=72) (N=292)

| Slight differences in a person’s genome can have ~ Correct 63 (90%) 98 (65.33%) 53 (73.61%) 214 (73.3%)
a major impact on how the person responds to  Incorrect 7 (10%) 52 (34.67%) 19 (26.39%) 78 (26.7%)
medications

2 Genetic determinants of drug response change Correct 32 (45.71%) 77 (51.33%) 16 (22.22%) 125 (42.8%)
over a person’s lifetime Incorrect 38 (54.29%) 73 (48.67%) 56 (77.78%) 167 (57.2%)

3 Genetic variations can account for as much as Correct 40 (57.14%) 49 (32.67%) 43 (59.72%) 132 (45.2%)
95% of the variability in a drug disposition and Incorrect 30 (42.86%) 101 (67.33%) 29 (40.27%) 160 (54.8%)
effects

4 The package insert for warfarin includes a Correct 38 (54.29%) 53 (35.33%) 38 (52.78%) 129 (44.2%)
warning about altered metabolism in individuals  Incorrect 32 (45.71) 97 (64.67%) 34 (47.22%) 163 (55.8%)
who have specific genetic variants

5 Pharmacogenetics diagnostic testing is currently ~ Correct 14 (20%) 49 (32.67%) 21 (29.17%) 84 (28.8%)
available for most medications Incorrect 56 (80%) 101 (67.33%) 51 (70.83%) 208 (71.2%)

Table 3 Self-assessed knowledge about pharmacogenetic testing at the University of Gondar referral hospital, April |-May 30, 2016

S. No. Statement Response Pharmacist Nurse Physician Total
(n=70) (n=150) (n=72) (N=292)

| | can easily know the available Yes 12 (17.14%) 33 (22.00%) 14 (19.44%) 59 (20.2%)

pharmacogenomics tests in Ethiopia No 45 (64.28%) 83 (55.33%) 52 (72.22%) 180 (61.6%)
Not sure 13 (18.57%) 34 (22.67%) 6 (8.33%) 53 (18.2%)

2 | believe | am competent to discuss Agree 37 (52.86%) 65 (43.3%) 24 (33.3%) 126 (43.1%)
pharmacogenetic information with Neutral 3 (4.29%) 21 (14.00%) 4 (5.56%) 28 (9.6%)
other health care providers (physicians,  Disagree 30 (42.86%) 64 (42.7%) 44 (61.1%) 138 (47.3%)
nurses, pharmacists)

3 | can accurately apply the results of a Agree 25 (35.7) 56 (37.3%) 22 (30.6%) 103 (35.3%)
pharmacogenomics test to drug therapy ~ Neutral 9 (12.86%) 25 (16.67%) 5 (6.94%) 39 (13.3%)
selection, dosing, or monitoring Disagree 36 (51.4%) 69 (46%) 45 (62.5%) 150 (51.4%)

4 | can identify medications for Agree 32 (45.7%) 62 (41.3%) 21 (29.2%) 115 (39.4%)
which pharmacogenetic testing is Neutral 10 (41.29%) 23 (15.33%) 6 (8.33%) 39 (13.3%)
recommended Disagree 28 (40%) 65 (43.3%) 45 (62.5% 138 (47.3%)

events, optimized drug dosing, and improved efficacy. More
than two-third (67.1%) of the pharmacists agreed that phar-
macogenomics is suitable for their practice setting compared
to 48% of the nurses and 47.2% of the physicians (Table 4).

Future expectations about

pharmacogenomics testing

The majority of health professionals were hopeful about the
future of pharmacogenomic testing. Around 66.8% thought
that pharmacogenomic testing will prevent prescribing
the wrong type of medicine or the wrong dose, and 69.2%
thought that pharmacogenomic testing will allow identifying
the right drug with less side effects (Figure 1).

Pharmacogenomic education
Regarding pharmacogenomic education in Ethiopia, one-
third (34.2%) of the participants disagreed and 38 (13.0%)

strongly disagreed that pharmacogenomics was a fundamen-
tal part of college curriculum and/or training. In addition,
majority of the participants either agreed (38.0%) or strongly
agreed (22.3%) that health professionals should be required
to have some knowledge of pharmacogenomics. Further,
participants were also asked regarding access to pharma-
cogenomic information; 45% of the participants believed that
all professionals should have access to pharmacogenomic
information. Most of the participants (83.2%) also requested
to have training on pharmacogenomics.

Discussion

Pharmacogenomics offers a great promise to better under-
stand the patients’ genetic risk and drug response to improve
therapeutic outcomes. It has also generated important addi-
tional clinical information related to the disease and drugs in
the past 50 years. However, integrating the pharmacogenomic
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Table 4 Attitude of health professionals toward pharmacogenomic testing at the University of Gondar referral hospital, April [-May

30,2016
S. No. Statement Response Pharmacist Nurse Physician Total
(n=70) (n=150) (n=72) (N=292)
| Pharmacogenetic testing will help to Agree 63 (90%) 112 (74.7%) 63 (87.5%) 238 (81.5%)
decrease the number of adverse events Neutral 2 (2.9%) 15 (10.00%) 5 (6.9%) 22 (7.5)
patients experience due to their drug Disagree 5(7.1%) 23 (15.3%) 4 (5.6%) 32 (11%)
therapy
2 Pharmacogenetics testing will help to Agree 61 (87.1%) 118 (78.7%) 64 (88.9%) 243 (83.2%)
optimize drug dosing Neutral 3 (4.3%) 14 (9.3%) 4 (5.6%) 21 (7.2%)
Disagree 6 (8.6%) 18 (12%) 4 (5.6%) 28 (9.6%)
3 Pharmacogenetic testing will help to Agree 63 (90%) 118 (78.7%) 61 (84.7%) 242 (82.9%)
improve drug efficacy Neutral 3 (4.29%) 14 (9.33%) 4 (5.6%) 21 (7.2%)
Disagree 4 (5.7%) 18 (12%) 7 (9.7%) 29 (9.9%)
4 Pharmacogenetics as a field is relevant to Agree 47 (67.1%) 72 (48%) 34 (47.2%) 153 (52.4%)
my practice setting Neutral 6 (8.6%) 30 (20.00%) 13 (18.1%) 49 (16.8%)
Disagree 17 (24.3%) 48 (32%) 25 (34.7%) 90 (30.8%)
5 Part of a health professional role should Agree 51 (72.9%) 88 (58.7%) 35 (48.6%) 174 (59.6%)
include counseling patients regarding Neutral 5(7.1%) 25 (16.67%) 9 (12.5%) 39 (13.4%)
pharmacogenetic information Disagree 14 (20%) 37 (24.7%) 28 (38.9%) 79 (27%)

Do you think that in the future, patients could be
pressured to agree to pharmacogenomic testing?

Do you think that pharmacogenomic testing will allow
identifying which drug (or which dose) will cause less
side effects in your patients?

Do you think that pharmacogenomic testing will allow
identifying which drug (or which dose) will be more
effective in your patient?

Do you think pharmacogenomic testing will prevent
your patient from taking the wrong type of medicine
or the wrong dose?

® Neutral ®m Strongly agree ® Agree

Disagree m Strongly disagree

Figure | Percentage of responses of health professionals regarding future expectations about pharmacogenomic testing.

knowledge in clinical practice is still a challenge. It is impor-
tant for all health professionals (doctors, nurses, and phar-
macists) to use pharmacogenomic information for optimal
medication use.

To the best of our knowledge, however, this is the first
survey from sub-Saharan Africa which investigated the health
professionals’ knowledge, attitude, and their interest regard-
ing pharmacogenomics. We identified a study from Ghana
that investigated the knowledge of pharmacogenomics among
health professionals’ and another study from Nigeria that
assessed the knowledge and perception of pharmacogenomics
among health professionals.® Our survey data showed that

majority of participants were aware about pharmacogenomics
and its importance in various areas of clinical practice. These
findings were consistent with results from other surveys
assessing the pharmacogenomic knowledge among health
professionals.” ' Forty-four (61%) physicians, however,
did not think that they are competent enough to discuss the
patients’ pharmacogenomic information with other health
professionals. This might be due to lack of integration of
pharmacogenomics in their medical curriculum and also
information gained might be self-directed learning from their
colleagues or through internet that may lead to an unequal
standard of practice.
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When we looked at the attitude toward the pharmacoge-
nomics, all the participants showed a positive attitude. For
instance, all the health professionals opinioned that the
pharmacogenomic testing might help to decrease the adverse
events that occur due to drug therapy and also agreed that
the testing will help to optimize the drug dosing and improve
drug efficacy. However, there were little discrepancies with
respect to the attitude of physicians and nurses toward admit-
ting pharmacogenomics as a field of their practice setting.
Similar findings were noticed in other studies where health
care students and professionals considered pharmacogenom-
ics as an important area of clinical practice; however, they
expressed that it has not been considered an important part in
their curriculum.*!7!® This emphasizes the need of integrating
pharmacogenomics into the curriculum and providing them
with sufficient training in this area for the readiness of our
future medical professionals to practice. The discrepancies
can also be explained in terms of the large number of nurse
responders (almost twice) compared to physicians in our
study which can alter the result noticeably.

The overall rate of future expectations to order any phar-
macogenomic testing was moderate; it was reported in our
study that more than 50% of the health professionals like to
order pharmacogenomic testing to provide drug with less side
effects. Previous studies revealed that doctors had low interest
to practice and poor adoption.*!%'° For instance, a study from
the US reported that only 12.9% of the physicians ordered
the pharmacogenomic test while 70% reported that they
never order any pharmacogenomic testing.’ Contradictorily,
2 studies reported around 30.2—79.6% had ordered pharma-
cogenomic testing at least once a year.'** Our results point
to the need for resources that can assist health professionals
to make them aware of the genetic variations that could result
in a patient’s suboptimal response to a drug.

The availability of pharmacogenomic technologies is also
an important consideration for ordering a pharmacogenomic
test in Ethiopia. Currently, pharmacogenomic technologies
are not available in Ethiopia, and hence, pharmacogenetic
tests are not being practiced. However, more than half of
the participants were ready to order pharmacogenetic tests
if necessary when the technology is available. With phar-
macogenomic testing expected to come into picture in the
country in the near future, this study provided baseline data
on the health professionals’ knowledge and attitude toward
pharmacogenomic testing.

Despite the outstanding amount of evidence promot-
ing the pharmacogenomic education in several developing

countries, pharmacogenomic or genomic education or train-
ing is not considered in their universities. This was already
highlighted by our study participants as yet pharmacogenom-
ics subject is not included in their curriculum and no training
is provided. In our study, majority of health professionals
were hopeful about the future of pharmacogenomic educa-
tion and practice in Ethiopia. Providing solid understanding
of pharmacogenomics to all health professionals can prepare
these competent practitioners for the concept of personalized
medicine. Further, emphasis is needed to provide continu-
ous medical education courses on pharmacogenomics for
a better understanding of the importance and practice of
pharmacogenomics in Ethiopia.

Limitations

We conducted this survey from a single center which may
not be generalized to whole Ethiopia, and the health profes-
sionals included may not be a representative sample of all
health professionals in Ethiopia. We relied on participants’
trust to evaluate their knowledge and attitude; some of the
participants may have overestimated or underestimated their
abilities while answering the survey questions which may
lead to recall bias. In spite of these limitations, this is the
first study to investigate the knowledge, attitude, and future
expectations of health professionals about pharmacogenom-
ics in Ethiopia.

Conclusion

Our findings provided baseline information on the knowl-
edge, attitude, and interest toward pharmacogenomics
among health professionals in the UOG College of
Medicine and Health Sciences. The participants showed
limited knowledge, but they had positive attitude toward
pharmacogenomics. Educational programs focusing on
pharmacogenomic testing and its clinical application are
needed.
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