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Introduction: Pharmacogenetic testing (PGx) is a diagnostic technique used by physicians
to determine the possible reactions of patients to drug treatment on the basis of their genetic
makeup. The aim of this study was to determine the impact of physicians’ awareness,
attitudes, and sociodemographics on the adoption of point-of-care (POC) PGx testing as
a diagnostic method, as well as the impact of their knowledge, attitudes, and sociodemo-
graphics on its adoption.

Methods: A cross-sectional survey of 200 physicians and medical trainees working at the
Clinics of King Abdullah University Hospital in Jordan was performed. Data on socio-
demographics, knowledge and attitudes concerning PGx testing, genetic information sources,
and barriers to POC-PGx testing adoption were gathered.

Results: Participants’ perceived knowledge of the role of PGx testing in therapeutic
decision-making was rated as “Excellent” (1.9%), “Very Good” (19.4%), “Good” (34.4%),
“Fair” (32.5%), and “Poor” (11.9%). Physicians’ actual knowledge of PGx testing was
adequate (mean=3.56 out of 7, SD=1.2), but their attitudes were generally favorable
(mean=3.64 out of 5.00, SD=0.52). According to Rogers’ theory, many variables (eg,
perceived need, relative advantage, compatibility) had a significant impact on physicians’
willingness to endorse POC-PGx testing.

Discussion: The majority of physicians stated that they were unaware of PGx testing.
Physicians’ perceived knowledge of POC-PGx testing, however, was higher than those
who participated in other studies. Participants were optimistic about the future benefits of
PGx testing in prescribing effective medications and reducing potential side effects, which
were consistent with previous studies. Physicians’ willingness to accept and implement POC-
PGx testing was hampered by a lack of PGx expertise, as well as concerns about patient
confidentiality, employability, and insurability. More training and genetic courses are needed,
according to the majority of participants.

Keywords: pharmacogenetics, physicians, knowledge, attitudes, point-of-care, Rogers
theory

Introduction

In the human genetic revolution, genome-wide association studies (GWAS) play
a critical role to find common variables and new single nucleotide polymorphisms
(SNPs) in an individual’s entire genome. GWAS can be used to examine the
possibility of genetic variants that may be linked to disease growth, interindividual
variations in drug response and dosing,' and adverse drug reactions (ADRs).”
clinical, influence

While several environmental, and physiological factors
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individual drug response, predisposing genetic factors
account for up to 40% of the observed interindividual
variations in drug effects.®* Individual variability in
genetically determined pharmacokinetics and pharmacody-
namics has been recognized as a key component of drug
response, and pharmacogenetic tests (PGx) have been
suggested as a way toward improving personalized
medicine.” ADRs can have a significant impact on
patient’s health outcomes, particularly in the elderly and
those with multiple comorbidities,® as well as the health-
care system’s financial burdens. Reports showed that
5-10% and 2.3% of all hospital admissions and immediate
deaths were due to ADRs.”®

Despite the fact that some research revealed a positive
attitude among psychiatrists toward implementing genetically
guided treatment decisions,”' several studies revealed a lack
of familiarity with the nature and potential benefits of PGx
testing, ambiguity about evidence relevant to PGx testing’s
clinical utility, and uncertainty about the cost-effectiveness of
such testing.'''? Other studies also suggested that the lack of
PGx-related educational and training programs may have an
effect on the acceptance of these tests.'*'> During a 3-month
follow-up observational study, Ielmini et al published contra-
dictory findings.'® They wanted to see whether PGx testing
could help psychiatrists reach a more successful and tolerated
treatment currently available for bipolar disorder in routine
practice. The authors confirmed that clinicians preferred to
keep the same treatment even though the PGx recommended
an alternative therapy mainly due to ADRSs rather than a lack
of effectiveness, implying a lack of confidence in these genetic
tests” indications.'® In a separate preliminary report, Ielmini
et al supported the value of PGx research in assisting physi-
cians in the pursuit of personalized medicine.'” Roberts et al
performed a prospective randomized study on 187 patients
with the aim of evaluating a PGx approach to antiplatelet
therapy following percutaneous coronary intervention
(PCI)."® Point-of-care (POC)-PGx testing was used to classify
carriers of the CYP2C19%*2 allele, which may reduce clopido-
grel’s therapeutic benefit. POC, according to the authors,
enabled healthcare providers with no prior training in genetic
laboratory techniques to effectively genotype CYP2C19*2
carriers at the bedside and reducing major adverse cardiovas-
cular events compared with those given standard treatment.'®

Near-patient monitoring, also known as POC testing,
provides physicians with patient findings at the time of
care, allowing them to make timely treatment decisions
that could enhance the patients’ health outcomes.'®> POC-
PGx research allows for the analysis of one or two genes

linked to a particular drug” and can be used in a number of
settings.”” POC-PGx testing is also useful for improving
dosing for inpatients and outpatients who benefit from
office-based testing, it offers rapid testing platforms and
reduces the potential for care delays caused by long test
processing times.'®?'*? Studies showed that POC-PGx
screening for genes involved in the therapeutic outcomes

224 and clopidogrel'® has been demonstrated

of warfarin
to be feasible and effective in a variety of medical spe-
cialties (eg, internal and family medicine) in both inpatient
and outpatient settings. Many health institutions in Jordan
depend on external laboratory centers to provide clinical
genotyping services. Clopidogrel and warfarin are indivi-
dualized and appropriate for point-of-care in many
Jordanian institutions, including KAUH, due to this rapid
advancement of sequence technology and low cost.”
Nearly 300 drug-package inserts have been approved by
the FDA that provide information on PGx biomarkers,
such as germline and somatic gene variants (eg, mutations)
as well as functional defects that can be evaluated and
regarded by both physicians and pharmacists.”® However,
POC-PGx testing has only been used in clinical practice
on a few occasions, and the clinical utility of PGx is yet to
be determined for medications with FDA-approved PGx
labeling. The majority of participating physicians had
never requested a PGx test due to, in part, a lack of
information on which tests to order (70%), and the lack
of insurance coverage for such tests (53%).'**’ In Jordan,
there is limited information on healthcare providers’
awareness and adoption of POC-PGx.”> The current
study focused on the first three stages of Rogers’
Diffusion of Innovation (DOI) theory, which involves the
knowledge and attitude stages, both of which are essential
in the innovation acceptance process.*

The aims of this study were to (1) assess physicians’
perceived knowledge, actual knowledge, and attitudes
toward POC-PGx testing, (2) determine if their knowledge
or attitude changed as a result of sociodemographic factors as
well as Rogers’ theory-based variables of interest, (3) iden-
tify the barriers to implementing POC-PGx testing, and (4)
investigate the predictive function of knowledge and atti-
tudes on physicians’ acceptance of POC-PGx testing.

Method
Study Design and Setting

This was a cross-sectional descriptive study carried out

between July 1st and October 18th, 2019. A
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self-administered questionnaire was used to collect par-
ticipant data and included information on sociodemo-
(eg,
specialty, duration of practice, current practice setting),

graphic characteristics age, gender, medical
previous experience with PGx testing, perceived need
for such testing, factors that may influence the attitude
of a person towards PGx research, such as compatibil-
ity, relative benefit, sophistication, genetic knowledge
sources, trialability, and inhibitors of PGx adoption.
The research was performed at the University of King
Abdullah Hospital (KAUH). The hospital, located in

Irbid, Jordan, has a bed capacity of 683.

The Study Population

The population included full-time and part-time physicians
and medical trainees (ie, residents, fellows, and specialists)
practicing at KAUH’s Clinics. The potential participants
were invited on-site to participate in this study (n= 450).
Participants who were currently practicing medicine,
showed interest to participate, and were willing to sign
a consent form (see Appendix A), were included in the
study to fill the paper-based questionnaire.

Development of the Survey Instrument

The researcher developed this questionnaire based on the
available research literature on PGx testing and Rogers’
Diffusion of Innovation (DOI) theory, which used vali-
dated surveys, methods, and concepts to serve similar
objectives.'>=>* Further, a group of five faculty members
assisted in generating preliminary qualitative work to cre-
ate items for the attitude scale and the overall question-
naire content. Before distribution, the faculty members
evaluated the reliability as well as the face and content
validity of the developed tool to verify that readability,
order and clarity of the questions meet the required stan-
dards. A pilot test was conducted with a group of 15
physicians to determine the clarity of the POC concept
and to ensure the questionnaire components’ suitability,
readability,
repeated statements were omitted, double-barreled ques-

comprehension. Following pilot testing,
tions were rephrased, and possible language mistakes that
could jeopardize the instrument’s validity were corrected.
Furthermore, POC-PGx was explicitly stated in the survey
and invitation letter. The final questionnaire was con-
densed to 35 items (see Appendix B). An average comple-
tion time was reported as ten minutes.

The prescribers’ questionnaire consisted of 35 questions.

Seven items were used to assess prescribers’ knowledge of

POC-PGx testing. Six-item and five-item scales were used
to measure their attitudes toward the clinical utility of POC-
PGx testing and its innovative characteristics, respectively.
A single item was used to assess prescribers’ willingness to
accept POC-PGx testing. Cronbach’s alpha was calculated
to establish the internal consistency of the knowledge, atti-
tude and characteristic of innovation items, showing scores
of 0.70, 0.78, and 0.81, respectively. The 5-point Likert
scale was used to assess the levels of agreement of physi-
cians with the attitude and characteristics of innovation
statements, giving a point value (Strongly Disagree=1,
Disagree=2, Neutral=3, Agree=4, and Strongly Agree=5)
to each response in order to evaluate and rank the results
as follows:

- (1.00-2.33) Low score (Low Rank).
- (2.34-3.67) Medium score (Medium Rank).
- (3.68-5) High score (High Rank).

This study’s primary outcome was “respondents’ ade-
quate knowledge and optimistic attitude toward PGx test-
ing.” A respondent’s adequate knowledge of PGx testing was
described as “yes” if they correctly answered > 50% of
questions (4 questions out of 7); correct answers were
coded as “1.” Incorrect or not sure responses were marked
with a “0.” The respondent’s attitude toward PGx research
was assessed using six statements. If the respondent
answered > 50% of the questions with agree or strongly
agree, the overall respondents’ attitude toward PGx testing
was described as “positive attitude.” Secondary outcomes
included the relationships between participants’ sociodemo-
graphic characteristics and their knowledge of and attitudes
toward PGx testing. Based on Rogers’ theory, several factors
influence the stages of knowledge and attitudes such as
sociodemographic variables, the perceived need, prior
experience, innovativeness, compatibility, complexity, rela-
tive advantage, trialability, and observability.”® Together,
knowledge and attitudes play a key role in the acceptance
process of innovation.”” The total composite scores for the
PGx testing knowledge and attitudes were calculated for each
participant. Further, a composite score of Rogers’ theory-
based characteristics of innovation comprising of relative
advantage, compatibility, trialability, complexity, and obser-
vability, was also calculated.

Data Collection and Statistical Analysis

The collected data was transferred to IBM® SPSS version
24.0. The key investigator reconciled the data to ensure
accuracy and to resolve any errors in data entry. In order

Pharmacogenomics and Personalized Medicine 2021:14

657

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=307694.docx
https://www.dovepress.com/get_supplementary_file.php?f=307694.docx
https://www.dovepress.com
https://www.dovepress.com

Muflih et al

Dove

to describe and summarize nominal and continuous data,
univariate analysis was performed. For continuous vari-
ables, the measurements of central tendency have been
determined. For categorical variables, counts and percen-
tages were utilized. After checking the fulfillment of the
theoretical assumptions, statistical packages IBM® SPSS
version 24.0 was utilized to perform the ¢-test, one-way
analysis of variance (ANOVA), chi-square, and the linear
and logistic regression models as appropriate. To inves-
tigate variations between multiple groups means, post-
hoc Tukey’s tests were also used. P-values less than 0.05
were considered significant in all tests. Multiple compar-
isons were adjusted using the Bonferroni correction,
which is one of the most commonly used techniques for
multiple comparisons. Raosoft® was utilized to estimate
the appropriate sample size using a significance level of
0.05 and a 5% error margin with a statistical power of
0.08, of 200
observations.*>

which was determined to consist

Ethical Considerations

Prior to the commencement of this research, the study
protocol, anonymous survey, and consent form were sub-
mitted and approved by the Institutional Review Board
(IRB, approval ID: 30/120/2019) at the Jordan University
of Science and Technology’s (JUST). Under the Health
Insurance Portability and Accountability Act (HIPAA), the
study also enforced data privacy requirements.

Results

Study Sample Characteristics

The Jordan Medical Association (JMA) has enrolled
approximately 28,000 physicians (60% male and 40%
female) since its inception in 1954, with 22.9% working
in the public sector and 17.9% in the private sector.’® The
paper-based survey was completed by 200 physicians,
with a response rate of 44.44%. The majority of the
participants were female (median age, 38 years) and
more likely to practice internal and family medicine. In
general, participants practiced medicine for a medium per-
iod of 1-10 years, mostly in urban settings (see Table 1).

Sources of Genetic Information

Physicians who participated in this study were asked to
state their main source of genetic information. Only 11.3%
of participants reported not having received education in
genetics. The findings showed that almost 45.6% of

Table | Percentage Distribution of Selected Demographic
Variables of Prescribers in the Sample (N=200)

Variables Frequency (%)
Gender -
Male 85 (42.5)
Female 115 (57.5)
Medical specialty -
Internal Medicine 95 (47.5)
Family Medicine 54 (27.0)
General Surgery 20 (10.0)
Pediatrics 15 (7.5)
Others 16 (8.0)
Duration of practice (years) -
1-5 85 (42.5)
6-10 55 (27.5)
I1-15 22 (11.0)
More than 16 38 (19.0)
The setting of physicians’ primary practice -
Urban 170 (85.0)
Suburban 30 (15)

respondents had received genetic information through
genetics training in medical school followed by 21.9%
from undergraduate genetic courses and 15% from genet-
ics-related seminars or workshops. Genetics training in
residency (3.8%) and continuing medical education CME
(6.3%) sources were the least commonly stated sources of
genetics’ information. Other sources, such as the Internet
and scientific websites, were also reported.

Perceived Level of Knowledge of
POC-PGx Testing Among Physicians

When participants were asked about their current under-
standing of the pharmacogenetics role in therapeutic deci-
sion-making, they rated their perceived knowledge as
“Excellent” (1.9%), “Very Good” (19.4%), “Good”
(34.4%), “Fair” (32.5%) and “Poor” (11.9%). This study
found a significant relationship between physicians’ per-
ceived knowledge, and the availability of PGx testing at
their place of employment (r(159) = 0.250, p < 0.05), parti-
cipation in the implementation of PGx testing, either in
ordering testing or translating results (r(159) = 0. 488, p <
0.05), previous communication with patients about the role
of PGx testing in personalized medicine (r(159) = 0.443, p <
0.05), and physicians’ attitudes towards the clinical utility of
POC-PGx testing (r(159) = 0.175, p < 0.05).
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Prescribers’ Actual Knowledge of POC-
PGx Testing

The mean actual knowledge score was 3.56 out of 7.00,
with a standard deviation of 1.2. The majority of physi-
cians knew about the genetic-based variability of an indi-
vidual’s response to medications and the potential side
effects (see Table 2). To determine the relationship
between physicians’ knowledge of POC-PGx testing and
sociodemographic characteristics, the ¢-test and one-way
ANOVA were performed. The empirical evidence here
exhibited that duration of practice (F(3196) = 4.98, p <
0.05), prior experience (#(198) = 5.11, p < 0.05), will-
ingness of accepting PGx testing (#(198) = 2.46, p <
0.05), medical specialty (F(3195) = 3.58, p < 0.05), and
number of information sources (F(2197) = 6.42, p < 0.05)
had significantly demonstrated variations in scores of
knowledge on POC-PGx testing (see Table 3). The sig-
nificant predictors found in the t-tests and one-way
ANOVA tests were applied to generate a linear regression
model, with p<0.05 indicating statistical significance.
A significant regression equation was found (F(7192)

Table 2 Prescribers’ Actual Knowledge of Pharmacogenetic

Testing
Correctly
Answered (%)

I | A patient’s genetic make-up influencing drug 12(6)
response can change over a person’s lifetime

2 | Genetic variations can account for as much 84(42)
as 95% of the variability of an individual’s
response to a medication

3 | People with genetic differences can respond 139(69.5)
differently to the same medication

4 | Pharmacogenetic testing is currently 62(31)
available for all medications

5 | The Food and Drug Administration (FDA) 70(35)
has revised drug labels of warfarin to include
information about pharmacogenetics

6 | FDA has revised drug labels of clopidogrel 65(32.5)
(Plavix) to include information about
pharmacogenetics

7 | The intensity of adverse events of some 147(73.5)
medications may depend on a person’s
genetic make-up

Notes: The correct answer for questions | and 4 is “No” the correct answers for
questions 2, 3, 5, 6, 7 is “Yes”.

Table 3 Relationships Between Knowledge and Attitudes
Towards PGx Testing and Variables of Interest (t-Test and
ANOVA)

Variable Knowledge | Attitude
Mean | SD | Mean | SD

Gender
Male 353 1.57 | 3.79 0.46
Female 3.58 1.48 | 3.60 0.56
p value 0.820 0.011

Duration of Practice
1-5 331 1.25 | 3.54 0.51
6-10 3.26 1.32 | 3.58 0.44
11-15 342 1.51 | 3.88 0.60
More than 16 5.24 1.24 | 4.02 0.48
p value 0.000 0.000

Medical Specialty
Internal Medicine 3.39 1.35 | 3.70 0.54
Family Medicine 4.03 1.53 | 3.69 0.57
General Surgery 3.56 1.60 | 3.70 0.49
Pediatrics and other 2.96 140 | 3.48 0.43
p value 0.009 0.276

The setting of physicians’

primary practice
Urban 3.58 1.47 | 3.70 0.51
Suburban 3.47 1.58 | 3.53 0.59
p value 0.690 0.110

Number of Sources of

information used
1-2 sources 3.26 1.26 | 3.56 0.59
3—4 sources 3.38 1.47 | 3.70 0.54
More than 4 sources 4.11 1.52 | 3.66 0.47
p value 0.006 0.471

Prior Experience with POC-

PGx testing
Yes (n=41) 4.49 1.47 | 3.8 0.58
No (n=159) 333 1.41 | 3.63 0.51
p value 0.000 0.059

Willingness to accept PGx

testing
Yes 3.80 1.50 | 3.78 0.49
No 3.02 1.33 | 3.42 0.54
p value 0.001 0.000

Notes: T-tests or ANOVA were used to analyze the data as appropriate, with
p<0.05 indicating statistical significance.

=8.8, p<0.05) with an R? of 0.265. The regression

model revealed that prior experience, duration of
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Table 4 Mean, Standard Deviations, and Ranks of Characteristics of PGx Innovation, Rogers’ Theory-Based Questions

Item Frequency (%) M SD | Rank
SD N A SA

Perceived need

POC-PGx testing is crucial in cases with non- 4(2) 4(2) 11(5.5) 94(47) 87(43.5) 428 | 0.8 |

response or potential life-threatening drug

reactions

Relative advantage

| believe that POC-PGx testing will help to 2(1) 9(4.5) 14(7) 94(47) 81(40.5) 422 | 0.84 2

decrease the number of adverse drug events

Compatibility

POC-PGx testing is compatible with the current 8(4) 22(11) 60(30) 47(23.5) 63(31.5) 3.68 | 1.1 3

practice of prescribing and mentoring

medications

Complexity

POC-PGx testing is difficult to deal with in the 8(4) 11(5.5) 61(30.5) 86(43) 34(17) 3.64 | 09 4

current clinical practice compared to other

routine lab tests

Trialability

| would like to try POC-PGx testing if offered as 8(4) 13(6.5) 58(29) 87(43.5) 34(17) 3.63 | 09 5

free samples

Innovativeness

| would like to adopt POC-PGx testing as soon 5(2.5) 12(6) 77(38.5) 71(35.5) 35(17.5) 3.60 | 0.93 6

as it becomes available

Observability

The clinical outcomes of using POC-PGx testing 41(20.5) 74(37) 26(13) 48(24) 11(5.5) 257 | 1.2 7

are visible at my workplace

Abbreviations: SD, strongly disagree; D, disagree; N, neutral; A, agree; SA, strongly agree; M, mean; SD, standard deviation.

practice, willingness to accept PGx testing and number of
information sources were significant predictors of actual
knowledge.

Rogers’ Diffusion of Innovation

Framework

When participants were asked about the characteristics of
PGx testing that might influence their perceptions and
opinions, the majority had high attitudes toward the need
and the relative advantage of POC-PGx testing. Most of
the respondents agreed to the compatibility of POC-PGx
testing with their current practice of medicine. However,
the complexity of dealing with POC-PGx testing in the
current clinical practice was also reported. The trialability
of PGx testing led to a higher perception of its clinical
utility. Participants ranked observability as the least satis-
factory item (see Table 4).

Prescribers’ Attitudes Toward POC-PGx
Testing

The mean attitude score was 3.64 out of 5.00, with
a standard deviation of 0.52. The majority of physicians
agreed or strongly agreed about the role of POC-PGx
testing in optimizing patients’ safety, medications’ effi-
cacy, and prescribing the correct medication. Inability to
control access to genetic data raised issues of confidenti-
ality among participants (see Table 5). 7-test and one-way
ANOVA were conducted to assess the association between
physicians’ attitudes toward POC-PGx testing and socio-
demographic characteristics. Analysis revealed significant
effects of gender (F(198) = 4.48, p < 0.05), duration of
practice (F(3196) = 4.98, p < 0.05) and willingness of
accepting PGx testing (F(198) =2.18, p < 0.01) on the
total score of attitude. Male physicians, those who had
a longer duration of medical practice, and those who
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Table 5 Mean and Standard Deviations, and Ranks of Physicians’ Attitudes Towards the Use of PGx Testing
Item Frequency (%) M SD | Rank
SD N A SA
Pharmacogenetic testing can potentially optimize 5(2.5) 11(5.5) 38(19) 89(44.5) 57(28.5) 391 | 0.96 |
the safety and efficacy of medication better than
the current traditional way of prescribing drugs.
| think that pharmacogenetic testing may prevent 1(0.5) 12(6.0) 45(22.5) 86(43) 56(28) 3.89 | 0.89 2
prescribing a wrong medicine
| am concerned about the effect of the test 29(14.5) 66(33) 82(41) 18(9) 5(2.5) 2.52 | 093 3
results on my patients’ employment
opportunities
Pharmacogenetic testing will help in reducing the 5(2.5) 21(10.5) 72(36) 77(38.5) 25(12.5) 348 | 093 4
cost of developing new drugs
| am concerned that unauthorized personnel may 26(13) 90(45) 62(31) 20(10) 2(1) 241 | 0.88 5
gain access to the results of that test
I am concerned about the effect of the test 29(14.5) 94(47) 58(29) 14(7) 5(2.5) 2.36 | 0.90 6
results on my patients’ eligibility for private
health insurance

Abbreviations: SD, strongly disagree; D, disagree; N, neutral; A, agree; SA, strongly agree; M, mean; SD, standard deviation.

were willing to accept PGx testing had a higher overall
attitude towards the clinical utility of POC-PGx testing
than their counterparts. (See Table 3) The significant pre-
dictors found in the t-tests and one-way ANOVA were
applied to generate a linear regression model. The regres-
sion equation was significant (F(8191)=2.6, p<0.05) with
an R? of 0.382, and the findings showed that duration of
practice, relative ARD, compatibility, complexity, and
observability were significant predictors of attitudes
towards POC-PGx testing.

Barriers to POC-PGx Testing

Implementation

The findings of this study identified the perceived barriers
to the implementation of POC-PGx testing. Factors such
as lack of time (42.5%) and technological gaps on gene
sequencing (38.5%) such as accuracy and cost were the
most frequently reported barriers, followed by additional
work needed for genetic interpretation (34%), lack of
compensation (19.5%), uncertainty of genotyping predic-
tion (16.5%), and the potential harms of false-positive
results to patients and their families (14.5%). The findings
revealed that physicians with a longer duration of medical
practice and those who had prior experience with POC-

PGx testing reported fewer barriers to the adoption of
POC-PGx testing.

Acceptance of POC-PGx Testing

Logistic regression was used to model the acceptance or
rejection of POC-PGX testing. The results revealed that
actual knowledge and the probability of accepting POC-
PGx testing had a positive predictor relationship.
Acceptance of POC-PGx testing increases by a factor of
1.332 for every one unit increase in knowledge. Similarly,
there was a positive predictor association between overall
attitudes toward POC-PGx testing and the probability of
accepting POC-PGx testing (OR=2.525, P=0.017).
Interestingly, the relationship between the characteristics
of innovation and the likelihood of accepting POC-PGx
testing was at the borderline of significance (see Table 6).

Discussion

Physicians’ Perceived Knowledge of POC-
PGx Testing

Most physicians indicated that they were not aware of
POC-PGx testing. However, physicians’ perceived knowl-
edge of POC-PGx testing was higher compared to those
who participated in other studies.'*'>~%*7"% Since the
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Table 6 Logistic Regression to Predict the Acceptance of POC-
PGx Testing

Variables B S.E. Sig. OR
Perceived Knowledge —0.226 | 0.186 | 0.225 | 0.798
Actual Knowledge 0.287 | 0.122 | 0.019 1.332
Overall Attitude 0.926 | 0.386 | 0.017 | 2.525
Perceived Need 0.283 | 0.404 | 0.483 1.328
Characteristics of Innovation 0.743 | 0.385 | 0.054 | 2.102
Constant -5.913 1.633 | 0.000 | 0.003

Notes: A p-value less than 0.05 is statistically significant.
Abbreviations: B, regression coefficient; S.E., standard error; OR, odd ratio.

results of recent clinical trials become available, the find-
ings here may reflect that physicians are becoming more
receptive to POC-PGx testing and its clinical utility. The
percentage of respondents who reported receiving a formal
genetic education was higher than that reported in previous

studies, 14,27,39,40

which might correlate with the availabil-
ity of additional teaching and training resources. Notably,
there was a significant association between the number of
sources of genetic information and the level of perceived
POC-PGx knowledge, which was consistent with other
studies.'**"%373% Participants who had practiced medi-
cine for a longer period of time had lower perceived
knowledge but higher actual knowledge. This misalign-
ment between perceived and actual knowledge suggests
that physicians, despite their years of clinical practice, may
have a low comfort level with DNA-based technology and
its complexity. In addition, only a few physicians had at
least one PGx order for a chronic illness.

Prescribers’ Actual Knowledge of POC-
PGx Testing

According to the findings of this study, few physicians
believed that genetic variability had an effect on drug
responses. Furthermore, many participants were unaware
that Plavix® (clopidogrel) PGx testing was available.
A survey of healthcare workers in the Emirate found that
their knowledge of PGx is fair,*' which is similar to the
findings of this study.

In this study, family physicians outperformed internists
on the PGx knowledge scale, suggesting that PGx research
is especially useful to family physicians in terms of sup-
porting safe and cost-effective therapies. Similar to pre-
vious research, this research found a connection between

a lack of knowledge and a lack of experience with POC-

PGx testing,'**"7

suggesting that prior experience is an
essential aspect of learning about these novel tests and
their applications. Furthermore, physicians with higher
overall PGx testing knowledge perceived the need for
POC-PGx testing in reducing ADRs and preventing unsuc-
cessful therapies, which was consistent with the results
published by Haga et al, Stanek et al.

In the current study, there was no significant gap in
actual knowledge of POC-PGx research between men and
women. Similar findings were reported by Albassam et al.**
Female practitioners in urban areas, however, were more
likely to develop expertise than female practitioners in
remote areas, possibly due to post-graduate training and
seeing more patients on a daily basis. More research is
needed to explore physicians’ knowledge of PGx testing

when practicing in urban or rural settings.

Prescribers’ Attitudes Toward POC-PGx

Testing

According to the results of this study, physicians have
a favorable attitude toward POC-PGx testing and its clin-
ical usefulness, which is consistent with the findings of
other authors.'*3*%43%4 This may be due to the pressing
need to increase drug effectiveness and safety. In compar-
ison to a previous survey, physicians in this study
expressed fewer reservations about POC-PGx testing.'’
There was no evidence that prior experience had an effect
on physicians’ attitudes in this study. This may be due to
the use of a substandard attitude assessment instrument or
a general lack of enthusiasm for POC-PGx. As a result,
physicians can benefit from additional educational ser-
vices, such as genomics continuing medical education.
Similar attitudes toward POC-PGx testing have been
reported across various medical specialties, indicating
that they all agree on its perceived benefits. Male physi-
cians in this sample had more favorable attitudes toward
POC-PGx testing than female physicians, which is consis-
tent with other studies.*>*> This may be because they were
unconcerned about the potential consequences of POC-
PGx testing, such as stigma and discrimination. The
more optimistic attitude associated with more practice
time may represent physicians’ views on the need for
precision medicine. Haga et al also noted the effect of
PGx testing’s relative benefit on physicians’ attitudes.
Furthermore, using PGx testing resulted in substantial
cost savings in terms of hospitalization number and days,
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as well as emergency care access, according to Callegari
et al.*® Moreover, neither the trialability nor the observa-
bility variables were found to be related to POC-PGx
testing attitudes. This may be attributed to physicians’
unfamiliarity with PGx studies, as well as time constraints
and the additional work needed for the interpretation of
genetic results.

Adoption (Acceptance) of POC-PGx
Testing Among Physicians

Participants’ actual knowledge and overall attitudes
toward POC-PGx testing were significant predictors of
the intention to adopt POC-PGx testing, according to the
current study’s findings. Nearly half of the participants
said they would consider POC-PGx testing in their clinics,
implying that physicians are more confident in understand-
ing and interpreting the results of PCO-PGx testing and
believe it has a positive impact on patients’ wellbeing.
Physicians with insufficient knowledge and attitudes
toward POC-PGx testing were less likely to order PGx
testing, this lends support to previous findings.'*?"-**-?
Thus, improving the perceived characteristics of POC-
PGx testing (eg, observability, relative advantage) will
likely increase the perceived utility of these genetic tests.
Finally, a greater proportion of physicians who reported
a lack of time in their practice were able to accept POC-
PGx testing, which may indicate that they are more aware
of the benefits of POC-PGx testing than those who
reported having sufficient time.

Limitations

Attention should be called to the fact that some limitations
may have influenced the obtained results. For example,
a lack of generalizability, which was probably a result of
the small sample size since there was a restricted ability to
include a larger random representative sample. Therefore,
future investigations among other healthcare workers such
as pharmacists and nurses may be necessary. Moreover, the
survey consisted of close-ended questions which may have
resulted in lower validity. The honesty and transparency of
the answers given cannot be confirmed, as respondents may
not feel empowered to provide correct and truthful answers.

Conclusion

Despite the fact that prescribers’ overall perceived knowledge
of POC-PGx was fair to good and their actual knowledge was
adequate, their attitudes were overly optimistic. POC-PGx

testing was viewed more favorably by participants who had
recently used it than those who had never used it. In a number
of clinical settings, POC-PGx testing allows genotype-
directed treatment to be tailored for each patient. It’s more
likely to uncover individual differences in drug response and
increase the effectiveness and safety of long-term medica-
tions. This study emphasized the importance of expanding
educational and training programs, as well as updating the
medical curriculum to include more PGx courses so that
physicians become more confident about discussing and com-
municating PGx testing results to their patients. More quali-
tative research is needed to gain a better understanding of the
predictors of awareness and attitudes towards POC-PGx test-
ing among Jordanian healthcare professionals.
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