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of patients, general practitioners, and pharmacists 
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A B S T R A C T   

Background: Pharmacogenetic testing enhances patient safety by improving medical treatment and reducing side 
effects. It has shown potential in both primary and secondary care. However, implementation in healthcare, 
particularly in primary care, is slow. 
Objective: The objective was to review articles published on the attitudes towards, and knowledge on pharma-
cogenetic testing in primary care, among general practitioners, pharmacists, and patients. 
Methods: The review was performed according to the PRISMA checklist. A systemized literature search was 
followed by a 2-step screening process. Apart from the content of articles being within the scope of the review, 
inclusion criteria included: articles in English; primary research articles; qualitative, quantitative, or mixed 
methods. Content analysis was conducted as a qualitative meta-synthesis. The methodological rigor of included 
articles was assessed. 
Results: Fifteen studies were included. The analysis resulted in the following main themes: i) benefits of phar-
macogenetic testing, ii) barriers to pharmacogenetic testing, iii) pharmacists’ role in pharmacogenetic coun-
selling, and iv) pharmacists’ knowledge on pharmacogenetics. Methodological rigor was generally medium/high. 
Conclusions: More studies are needed in this area, and there is a need for more education on pharmacogenetic 
testing for healthcare professionals. Issues like patient autonomy, economy, and access to tests also need to be 
addressed.   

1. Introduction 

Personalized medicine is considered the next revolution within 
pharmaceutical care.1 One concept within personalized medicine is 
pharmacogenetic (PGx) testing, which can guide clinicians in the choice 
of drug and dose for a specific patient.2 Pharmacogenetics and phar-
macogenomics are often used interchangeably, although pharmacoge-
netics relates to the variation in drug response from only one or a couple 
of genes whereas pharmacogenomics relates to variation in drug 
response across the whole genome.3 Therefore pharmacogenetic testing 
and pharmacogenomic testing are also used interchangeably. Since 
pharmacogenetic testing is the more specific term of the two, the authors 
have chosen to use this term. For this study, we define PGx testing as a 
genetic test that only relates to response to medication in relation to 
genetics.4 

PGxs has shown potential in both primary and secondary care, 
improving patient safety by optimizing treatment according to patient 
genes, thus increasing effect and/or decreasing side effects. Despite this, 
implementation in healthcare, particularly in primary care, is slow.5 

Carroll et al. (2016) found that primary care providers are not fully 
aware of PGx testing, this includes developments in personalized med-
icine, available tests, and identifying relevant patients.6 They also 
showed that physicians at times experienced having less knowledge than 
patients on PGx testing and therefore found counselling difficult.6 

Several challenges exist regarding PGx, for example, which patients 
should be offered testing,7 how to use tests in a cost-effective way,8 and 
how to ensure equal access for patients.7 

In order to aid the implementation of PGx testing in clinical practice 
in primary care, this systematic review aims to provide an overview of 
what is currently known regarding the attitudes towards, and 
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knowledge on PGx testing in primary care, among general practitioners 
(GPs), pharmacists, and patients. The review was not limited to any 
medical specialty but rather sought to see the general picture. In addi-
tion to presenting current research a quality assessment of included 
articles was conducted. 

2. Methods 

The systematic review was performed according to the PRISMA 
checklist.9 A study protocol was developed, and the PRISMA-P protocol 
checklist was consulted during the development. This can be retrieved 
upon request from the first author. A qualitative meta-synthesis10 was 
chosen as method, as this is suitable for examining attitudes and 
knowledge about PGx with both qualitative and quantitative studies 
included. 

2.1. Search in databases 

A systematic literature search was carried out. The search was 
limited to the search words “Pharmacogenetic test” and “Primary care”, 
synonyms or associated words (e.g., pharmacogenomics test or family 
physician), details are provided in the supplementary material. A 
librarian, specializing in pharmacy, was consulted on search words, 
databases, and the number of hits. The search was carried out in both 
medicine-specific databases and interdisciplinary databases (Table 1). 
The specific search journal can be seen in the supplementary material. 

2.2. Screening process 

The screening process was performed based on the inclusion criteria, 
details are provided in Table 2. 

To best answer the research question, only primary research was 
included. All methods scientifically relevant for the aim (interviews, 
surveys, and a mix hereof) were included. The population (i.e. GPs, 
pharmacists, patients) was chosen as these stakeholder groups were 
considered most relevant for implementing PGx testing and ensuring 
transferability on a global level. In this study we defined GP as relating 
to a family care physician, thus for example articles on attitudes of 
cardiologists with a private practice were excluded. When using the 
terms primary and secondary care in this review, we refer to GP clinics 
and/or retail pharmacies and hospitals respectively. 

The screening process is indicated in Fig. 1 and was performed as 
follows: Articles were first individually screened by the 1st and 2nd 
author, based on title and abstract. Following a consensus meeting, non- 
relevant articles were excluded. During the second screening, the arti-
cles were read in full text. As a part of the second screening, the 1st 
author reviewed all references of included articles to ensure that no 
relevant studies were overlooked. A second consensus meeting was held, 
focusing on inclusion in the systematic review. In the case of disagree-
ment on exclusion, the 3rd author made the decision. 

2.3. Content analysis 

The content analysis was carried out as a qualitative meta-synthe-
sis10 by the two first authors. It was done manually using post-its for 
organizing themes and sub-themes (see Fig. 2 for an overview). This was 

done as an iterative process analyzing individual studies to obtain 
themes, then combining all themes for all articles, creating major themes 
and subthemes. Lastly, all articles were read again, to see if any of the 
themes found was missed in the initial analysis of the article. 

2.4. Assessment of methodological rigor 

An assessment of methodological rigor was made based on Hawker 
et al.11 This framework offers an alternative to the more common 
narrative discussion of studies used in literature reviews. Furthermore, it 
emphasizes the necessity of evaluating qualitative studies. It allows each 
reviewer to grade the included empirical studies independently with 
high inter-rater reliability.11 

A scoring system in accordance with Hawker et al. and Tuffrey-Wijne 
was used.11,12 This included 9 factors that were rated as very poor, poor, 
fair, or good, with corresponding points 1–4. The maximum score was 

Table 1 
Systematic search overview.  

Date for search Database Limits for search Number of results 

June 21, 2019 PubMed None 800 
June 21, 2019 Embase None 265 
June 21, 2019 Psychinfo Boolean/phrase 70 
June 21, 2019 Scopus Title, abstract keywords 375 
June 23, 2019 Web of Science All fields 322  

Table 2 
Inclusion and exclusion criteria of articles for the systematic review.   

Inclusion criteria Exclusion criteria 

Language English Any other 
Method Interview/focus group, survey, 

and mixed methods including one 
of these methods 

All other 

Setting Primary care, community 
pharmacy, studies including both 
primary care and secondary care 
(hospital) where results from 
primary care can be differentiated 
from secondary care (hospital) 

Hospital, hospital pharmacy, 
articles where respondents/ 
population from primary care 
could not be differentiated 

Period All – 
Population Patients/general public, 

pharmacists, and GPs. 
Other professions could be 
involved, when results from each 
group of respondents could be 
differentiated between. 

Specific population e.g. 
military 

Type of 
article 

Primary research article with peer 
review 

Conference abstracts, reviews, 
commentary, perspective, 
opinion pieces, protocols, etc. 

Topic Pharmacogenetic, 
pharmacogenetic testing, AND 
attitudes, experiences, knowledge 

–  

Fig. 1. The screening process and contributions of each author. Created 
by Tusamotus. 
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Fig. 2. Illustration of the content analysis of articles carried out by using post-its. Created by Tusamotus.  

Fig. 3. PRISMA 2009 Flow diagram for systematic review, figure adopted from Moher et al.9  
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hence 36. The following classifications were used12: 30–36 points 
equivalents a high-quality paper; 24–29 points equivalents a medium 
quality paper; and 9–23 points equivalents a low-quality paper. 

Note that points are provided based on how well the articles describe 
the different elements,11 hence, they might not reflect how the studies 

were actually carried out. 

Table 3 
Summary of characteristics of elected studies from the systematic review.  

Publication 
year 

Authors and 
Country 

Study population Methods Aim (attitudes, medication changes) Main results 

2014 Alexander, K. M. 
et al. USA 

101 Pharmacists Survey Pharmacists’ attitudes towards 
implementing personalized medicine 
and willingness to counsel about PGx 

The majority of pharmacists had an interest in 
implementing pharmacogenetic services. More training 
and education for pharmacists is needed. Pharmacists 
desire education. 

2019 Berenbrok, L. A. 
et al. USA 

11 Pharmacists Semi-structured 
interviews 

Need for PGx education of pharmacists Pharmacists were aware that they need more 
knowledge about PGx, the solution could be an 
education or training with a team-based approach, and 
to have access to clinical resources and experts in PGx 

2019 Frigon, M. P. 
et al. Canada 

23 GPs 11 
Pharmacists 
30 Patients 

Focus group 
interviews 

Perceptions on implementation of PGx 
in primary care 

There is a lack of guidelines for using PGx results in 
prescribing. Pharmacists and GPs agreed that education 
of healthcare personnel and collaboration is needed. 
Communication channels to facilitate collaboration 
between stakeholders is most important for 
implementation. 

2017 Gibson, M. L. 
et al. 
USA 

27 Patients Survey Patients knowledge of, interest in, and 
willingness to pay for PGx 

Half the surveyed patients were unaware of PGx. They 
would be more willing to use PGx if it was covered by 
insurance. 

2009 Grant, R. W. 
et al. 
USA 

241 Patients Survey Views on the impact of genetic testing 
and adherence to medication 

The majority of patients believed that the test would 
increase adherence. A majority of patients would also 
order a test to determine the best medicine 

2016 Haga, S. B. et al. 
USA 

17 Patients (12 in 
follow-up 
survey) 

Survey Patient experience of PGx Feedback on PGx test from provider to patient could be 
improved. Patients’ attitudes towards PGx were 
generally very positive. 

2017 Haga, S. B. et al. 
USA 

12 GPs pre- 
survey, (8 post- 
survey) 

Survey Utilization of pharmacist support and 
the impact of PGx 

Clinical decision support tool appeared to be important 
for GPs for using PGx. Pharmacists could have a role in 
the delivery of PGx, in collaboration with GP’s 
Lack of knowledge – young pharmacists knew more 
than older ones 

2017 Lemke, A. A. 
et al. 
USA 

15 GPs Semi-structured 
interviews 

Views on use and direct access to PGx GPs saw the price of tests and lack of reimbursement as 
a great barrier to implementation. Interpretation of PGx 
results needs to be clarified. Further education on PGx 
is needed. 

2014 Mai, Y. et al. 
Greece 

86 Pharmacists Cross-sectional 
survey 

Awareness with respect to PGx and 
personalized medicine 

Younger pharmacists felt more competent with PGx. 
More training is needed for pharmacists. Lack of 
knowledge about PGx among pharmacists. Data 
protection, i.e. misuse of information, is an issue. 

2015 Obara, T. et al. 
Japan 

268 Pharmacists Survey Awareness of PGx A minority of pharmacists had knowledge about PGx 
terms, only 0.4% felt competent to counsel on PGx, The 
majority of pharmacists would like to counsel, but don’t 
feel competent. Pharmacists with less than 10 years of 
experience were generally more knowledgeable on 
PGx. 

2006 Rogausch, A. 
Germany 

106 GPs 
196 Patients 

Telephone 
interviews, based 
on survey guide 

Asthma patients and GP expectations, 
hopes, and fears regarding PGx testing. 

Patients were part of a larger study (they might be 
biased) 
Data protection was a bigger concern for GPs than 
patients. More than half of the GPs believed that the 
information from a PGx test can be used to facilitate 
drug of choice. GPs would recommend the use of PGx 
test if the patient was not to pay for it themselves. 

2013 Selkirk, C. et al. 
USA 

92 GPs (157 non- 
primary care 
GPs) 

Survey Assess GPs knowledge, experience, and 
barriers with PGx 

Results only relating to primary care GPs were limited. 
However, lack of knowledge, concerns about insurance, 
patient concerns, and ethical considerations were 
reported as topics to address. 

2014 Johansen Taber, 
K. & Dickinson, 
B. 
USA 

181 GPs Survey Pharmacogenomic knowledge, deficit, 
and educational needs 

GPs would like to have further education on PGx and 
how to apply it. 

2013 Tuteja, S. et al. 
USA 

580 Pharmacists Survey Attitudes and views on ethics, clinical 
utility, social and practical issues 
regarding PGx 

Community pharmacists were positive towards the use 
of PGx tests. Further training in PGx and related ethics 
is needed. Younger pharmacists felt more competent 
with PGx than older pharmacists. 

2015 Walden, L. et al. 
Canada 

168 GP Survey Opinions on PGx testing and 
experience with prescribing 
psychiatric medications based on PGx 
tests 

80% believed genetic tests will become standard 
practice. 76% had a high, self-reported, understanding 
of PGx reports 

PGx: Pharmacogenetics, GP: General practitioner. 
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3. Results 

3.1. Study selection 

The search within the 5 databases resulted in a total of 1832 hits. 
Duplicates were removed and in the 1st screening of 1192 articles, 1134 
articles were excluded as they did not match the inclusion criteria, for 
example, did not deal with GPs, pharmacists, or patients/the general 
public. 

For the 2nd screening, 58 full-text articles were assessed and 43 were 
excluded. The main reasons for exclusion were that the study was not 
limited to primary care and that it was not an original research article. 
Details are provided in Fig. 3. 

3.2. Study characteristics 

Table 3 gives an overview of the characteristics of the 15 included 
articles. The majority of studies were conducted in the USA, 2 in Canada, 
1 in Germany, 1 in Greece and, 1 in Japan. Of the 3 qualitative studies 
included, 1 used focus groups and 2 used semi-structured individual 
interviews; the number of participants varied from 11 to 64. All the 12 
quantitative studies used surveys as method and the number of partic-
ipants was 12–580. The respondents were patients, pharmacists, or GPs. 

Different topics were investigated in the studies, but the most 
frequent were knowledge, perceptions, and/or attitudes towards PGx. 
All studies were published between 2006 and 2019. 

3.3. Synthesis of results 

The themes found were: i) benefits of PGx testing, ii) barriers to PGx 
testing, iii) pharmacists’ role in PGx counselling, and iv) pharmacists’ 
knowledge on PGx related to age and academic degree. Below, these 
themes are elaborated in a qualitative synthesis. An overview of sub- 
themes for each theme, individual studies and what they cover, and 
stakeholders represented in each subcategory, can be seen in Table 4. 

3.3.1. Benefits of PGx testing 
Benefits found include optimization of drug response and minimi-

zation of side effects, an increase in patient autonomy and adherence, 
high patient acceptance of PGx testing, and data sharing. 

3.3.1.1. Optimizing drug response, minimizing side effects. Several studies 
found that healthcare professionals (HCP) believed that PGx testing had 
the potential to reduce side effects,13–16 and that PGx testing could help 
facilitate the choice of drug14,17,18 and dosage.14,19 Patients also 
believed that PGx testing could prevent the use of “wrong” medication, 
and hence optimize treatment17,18 and reduce side effects.15,17 Haga 
et al. described patients expecting their doctor to be more equipped in 
finding the best medication for them when using PGx tests.18 

3.3.1.2. Increasing patient autonomy and adherence. Lemke et al. found 
that PGx testing, according to GPs, could increase patient autonomy and 
medication adherence since patients would feel more confident with the 
choice of drug.14 Two studies showed that patients believed a PGx test 
would motivate them to adhere to their medication plan and thus in-
crease compliance.19,20 

3.3.1.3. Acceptance of test. In a study of asthma and COPD patients, 
95.9% said they would consent to a PGx test prior to asthma/COPD 
medication treatment.17 It was also found that 78% of diabetes patients 
would ask for a genetic test that would predict the best diabetes medi-
cine for them.20 Gibson et al. found that if patients had a current 
medication that could be affected by genetics, 74% would very likely say 
yes to a test while the remaining 26% would somewhat likely do the 
same.21 

3.3.1.4. Sharing of data with healthcare professionals. No study asked 
directly about patients’ willingness to share data from PGx tests with 
their GPs. In a study, comprising 12 patients, 11 were willing to share 
their PGx data with doctors and pharmacists.18 GPs (62%) were certain 
that their patients would share the data from direct to consumer PGx 
tests.22 Frigon et al. found that patients were not keen on sharing their 
data with pharmacists as they considered them the sellers of drugs more 
than HCPs.15 

3.3.2. Barriers to pharmacogenetic testing 
Barriers described in the literature include lack of knowledge 

amongst all stakeholders, a need for clinical guidelines, the cost, data 
security, technical issues, and time delay from taking the test to 
obtaining the results. 

3.3.2.1. Lack of knowledge. Rogausch et al. found that approx. 40% of 
the patients said that they could not comprehend the full consequences 
of a PGx test.17 

Selkirk et al. found that 61% of GPs felt uncertain about how to 
incorporate PGx in their practice,22 and Johansen Taber et al. found that 
75% of GPs had never ordered a PGx test because they did not know 
which test to order.19 Gender differences were found in Walden et al. 
were male respondents seemed more confident in regards to PGx tests 
than females.23 Some studies found that GPs felt they needed more in-
formation and education on genetic testing, including reading the result 
reports.14,24 Frigon found that when asked about PGx testing, most GPs 
and pharmacists mentioned the use of PGx in cancer therapy.15 Johan-
sen Taber et al. asked primary care GPs, cardiologists and psychologists, 
what PGx tests they had ordered within the last year. In 25% of the 
answers the tests mentioned were not pharmacogenetic but 
disease-related tests, for example, BRCA and tests for Huntington’s 
disease.19 

Across studies, there was a general consensus that pharmacists did 
not feel competent in counselling on PGx related matters.13,14,16,22,24–26 

Obara et al. found that the majority of pharmacists felt they were not 
qualified to raise relevant questions regarding PGx testing.27 Mai et al. 
found that only 4.6% of pharmacists felt they had a high level of 
knowledge within the field of genetics, pharmacogenomics, and 
personalized medicine, while 66.3% knew very little or nothing.16 

Alexander et al. found that 74% did not feel qualified to provide PGx 
services, 63% lacked confidence in their abilities to counsel patients on 
PGx results and 56% did not feel comfortable providing recommenda-
tions to GPs based on a PGx test.25 Despite this, a majority of the com-
munity pharmacists had an interest in personalized medicine and were 
motivated to implement and provide PGx in the pharmacy.25 Frigon 
et al. found that most of the GPs and pharmacists in their study knew 
about PGx testing, but had limited clinical experience.15 

3.3.2.2. Need for guidelines. Both GPs and pharmacists mentioned the 
need for clinical guidelines in aiding the implementation of PGx.15,24,26 

Haga et al. found the availability of guidelines as the most important 
factor for GPs regarding the likelihood of implementing PGx testing.24 

3.3.2.3. Cost of pharmacogenetic testing. The cost of PGx tests was 
mentioned as a barrier in several studies,14–17,19,22,25 whereof 2 studies 
identified this as the main barrier for implementation,15,25 and 1 study 
identified cost as the 2nd largest barrier.24 In the study by Johansen 
Taber et al., 66% of pharmacists disagreed with the concept of patients 
having to pay for their PGx test.19 However, Frigon et al. found that 
patients were more willing to pay for a PGx test than HCPs expected.15 

Gibson et al. reported that no patients would buy a test if the cost was 
above $ 120.21 

3.3.2.4. Data security. Several studies found that GPs (and in some 
cases also other HCPs) have a general concern regarding insurance 
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Table 4 
Overview of results in relation to stakeholders in included studies.  

Patients   

General 
practitioners   

Pharmacists 

Qualitative studies Quantitative studies 

Berenbrok, L. 
A. et al., 2019 

Frigon, 
M. P. 
et al., 
2019 

Lemke, A. 
A. et al., 
2017 

Alexander, K. 
M. et al., 
2014 

Gibson 
M. L. 
et al., 
2017 

Grant, R. 
W. et al., 
2009 

Haga, S. 
B. et al., 
2016 

Haga, S. 
B. Et al. 
2017 

Johansen 
Taber, K. & 
Dickinson, B. 
2014 

Mai, Y. 
et al., 
2014 

Obara, T. 
et al., 
2015 

Rogausch, 
A. et al., 
2006 

Selkirk, 
C. et al., 
2013 

Tuteja, S. 
et al., 
2013 

Walden, L. 
et al., 
2015 

Benefits of PGx 
testing                

Optimizing drug 
response, 
minimizing side 
effects  

Increasing patient 
autonomy and 
adherence   

Acceptance of test     
Sharing of data with 

HCPs  
Barriers to PGx 

testing                
Lack of knowledge 

Need for guidelines 
Cost of PGx testing  

Data security   
Technical issues  
Delay in time  

Pharmacists’ role in 
PGx counselling 

Pharmacists’ 
knowledge on PGx 
related to age and 
academic degree          

PGx: Pharmacogenetics, HCP: healthcare professionals, GP: General practitioners. 
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companies getting access to PGx data.13,14,16,17,19 While Frigon et al. 
found that a majority of patients had concerns regarding insurance 
companies getting access to their data,15 2 studies found that this 
concern was greater amongst GPs/HCPs than amongst patients.17,20 Two 
studies reported a concern that employers would use the data.16,19 Due 
to the concerns on insurance companies getting access to PGx results, 
GPs requested advice on how to address this to their patients.14 

3.3.2.5. Technical issues. The study by Lemke et al. found that GPs had 
concerns that some patients would have difficulties with the practical 
part of home PGx testing.14 GPs in the study by Frigon et al. requested 
software to aid with results and alerts for a better implementation of PGx 
testing.15 

3.3.2.6. Delay in time. Both Frigon et al. and Lemke et al. touched upon 
the time it takes to get the answer of the PGx test. GPs reported that 
getting a quick answer is important in regard to choosing to even do the 
test,15 as a delay can have a negative impact on the patient’s treat-
ment.14 Patients also preferred starting medication in a small dose while 
waiting for their PGx results.15 Turnaround time, in the study by Haga 
et al. was mentioned as the 3rd most important factor in regard to 
likelihood to order a PGx test.24 

3.3.3. Pharmacists’ role in pharmacogenetic counselling 
Three studies investigated the attitudes of HCPs, including pharma-

cists, on the matter of pharmacists’ role in PGx counselling, all of which 
indicated positive attitudes towards pharmacist involvement.13,15,24 

Pharmacists felt their role would be within patient counselling.13 GPs’ 
views on pharmacists’ role included pharmacists having patient con-
sultations, sending a summary of tests to patients, being available for 

on-call guidance of GPs,24 and doing reviews of prescriptions and pre-
scribing based on tests and GP diagnosis.15 

Two studies investigated the attitudes of patients in regards to PGx 
and pharmacists.15,17 Rogausch et al. found that the majority of patients 
wanted PGx specific information in connection with having their test 
performed, 80% wanted the information to be delivered specifically by 
the GP.17 Frigon et al. found that patients were not keen on pharmacists 
playing a role, as they considered the pharmacists as “drug sellers”.15 

3.3.4. Pharmacists’ knowledge on pharmacogenetics related to age and 
academic degree 

Four studies found an association between pharmacists’ years of 
experience, level of academic education, and knowledge of 
PGx.13,16,24,27 All 4 studies found that the younger pharmacists had a 
higher level of awareness,27 and knowledge13,16,24 of PGx. However, 
Mai et al. found that the younger the pharmacists were, the more likely 
they were to hold a MSc or a PhD.16 

3.4. Assessment of methodological rigor 

The results of the assessment of methodological rigor are summa-
rized in Table 5. According to the assessment model provided by Hawker 
et al.,11 we found 7 articles to be of high quality, 6 of medium quality, 
and 2 of low quality. All included articles had a high score on the ab-
stract part of Hawkers assessment model, only 3 articles scored 3 points 
instead of 4. The articles generally scored high on the results, methods, 
and data analysis. Overall, the description of sampling, transferability, 
and implications of the scientific work got the lowest points. A low score 
in sampling was often related to a lack of rationale for why and how the 
participants were chosen. Low scores on ethics were typically due to 

Table 5 
Assessment of methodological rigor of included articles based on Hawker15 on how items are described in the individual articles. Points range from 1 to 4, with 4 being 
the maximum score in each category. The highest achievable overall score was 36. 30–36 points equivalents a high-quality paper; 24–29 points equivalents a medium 
quality paper; 9–23 points equivalents a low-quality paper.  

Hawker’s 9 
item checklist: 

1. Abstract 
and title 

2. Introduction 
and aims 

3. Method 
and data 

4. 
Sampling 

5. Data 
analysis 

6. Ethics 
and bias 

7. 
Results 

8. Transferability 
or generalizability 

9. Implications 
and usefulness 

Score Quality 

Articles: 
Lemke et al., 

2017 
4 4 4 4 4 4 4 4 4 36 High 

Johansen 
Taber & 
Dickinson, 
2014 

4 4 4 3 4 2 4 4 3 32 High 

Grant et al., 
2009 

4 4 4 3 4 2 4 4 3 32 High 

Selkirk et al., 
2013 

4 4 4 3 4 3 4 3 3 32 High 

Frigon et al., 
2019 

3 3 3 4 4 2 4 4 4 31 High 

Berenbrok 
et al., 2019 

4 4 4 3 3 2 4 4 3 31 High 

Gibson, 
Hohmeier, & 
Smith, 2017 

4 2 4 4 2 4 4 4 2 30 High 

Rogausch 
et al., 2006 

4 4 4 2 4 2 4 2 3 29 Medium 

Haga et al., 
2017 

4 4 3 2 (2)a 2 (3)a 4 4 2 (2)a 3 28 
(29)a 

Medium 

Haga et al., 
2016 

4 2 3 2 (2)a 3 (4)a 4 4 2 (2)a 4 28 
(29)a 

Medium 

Alexander 
et al., 2014 

4 4 2 3 2 2 4 4 2 27 Medium 

Mai et al., 2014 3 3 4 2 4 4 3 2 2 27 Medium 
Tuteja et al., 

2012 
4 2 3 2 3 4 3 2 4 27 Medium 

Obara et al., 
2015 

4 3 2 2 3 2 3 2 2 23 Low 

Walden et al., 
2015 

3 2 4 2 4 2 1 2 2 22 Low  

a Score adjustment, based on information found in separately published protocol.28 
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missing information about consent and whether it was achieved. 

4. Discussion 

The most important findings of this review are that the amount of 
research within this field is limited, that definitions of PGx within the 
literature are unclear, and that there is a need for clinical guidelines and 
knowledge on PGx and the use hereof in all investigated stakeholder 
groups. 

The fact that only 15 articles were eligible for inclusion indicates, 
that the amount of research within the field of attitudes to, and 
knowledge about, PGx in the context of primary care is limited. Of the 
articles read in full-text 8.6% were excluded based on the scope being 
outside the definition of PGx (e.g. stating that PGx can say something 
about the risk of disease). Also, 3 of the studies included20,21,25 are not 
clear-cut in their definitions of PGx. This indicates that the area of PGx is 
still new and not very well defined. In addition to the lack of research on 
the societal aspects of PGx testing in general, studies are lacking in the 
area of attitudes and experience of PGx use in primary care, for example 
how the implementation should be handled, for which patients it is 
relevant and what kind of HCPs could handle the test. 

Another indicator, showing that PGx testing is a new theme not 
enough investigated is the fact that lack of knowledge is a re-emerging 
theme in 11 out of 15 of the reviewed articles. The lack of knowledge 
on PGx testing evidently affects the attitudes of HCPs. Weitzel et al.29 

highlight the disproportion between demand for testing and the poten-
tial benefits as well as HCP’s feeling unprepared to include test results in 
clinical decisions. Johansen Taber et al. saw a high agreement amongst 
GPs on that side effects and medical history affects drug choice more 
than pharmacogenomics.19 However, since PGx is a key factor for both 
medical history and the risk of adverse effects they postulate that GPs 
actually agree with the clinical implications of PGx testing without being 
aware of it.19 This indicates that even for GPs using genetic testing, there 
is a lack of clarity regarding definitions. 

In addition to this lack of awareness, it has also been shown that 
pharmacists were willing to deliver services on PGx testing, without 
knowing what it implicates.25 For PGx testing to be implemented in 
primary care there thus seems to be a general need for education of HCPs 
and proper information for patients. Haga et al. outlined that 42% of 
pharmacy schools in the US provided courses with some level of PGx 
content, whereas only 8% provided standalone courses. However, many 
pharmacists have not had the opportunity to take these courses, and 
there will be a gap in knowledge between earlier educated and more 
recently educated pharmacists.30 It is also important to acknowledge the 
needs of patients when discussing PGx testing with them. In a study 
published after this review was conducted, Bright et al. showed that the 
overall issues to address when communicating with patients about PGx, 
were, according to patients: trust, experience, clarity, and risk/benefit.31 

While more research is conducted in the field of pharmacogenomics, it 
might be that too little is done to communicate this knowledge to HCPs. 

Of the reviewed articles, 7 out of 15 described the perceived benefits 
of PGx testing. Of those, the most common benefit was the possibility of 
reducing the side effects of medical treatment.13–19 Another perceived 
benefit was the possibility of increased patient autonomy, however, this 
was not discussed in-depth and could be a topic for further research. 
None of the studies explained the benefits of PGx testing in detail which 
could be as they are implied and supposed to be well-known. It may also 
be due to the fact that researchers often study problems, barriers, and 
challenges. It is possible that researchers’ focus on barriers for PGx 
testing could give a societal focus on barriers rather than benefits, and 
thus be a barrier in itself. 

Multiple studies raised the concern of data security in connection to 
PGx, including sharing data, and the risk of misuse of data.13,14,16,17,19 

Data in this review indicates that though this concern is present, it is not 
the main barrier for the implementation process. None of the studies 
explored the reasons behind patients’ attitudes towards sharing data 

with HCPs. Thus, though we can conclude that data security was not 
considered the main barrier, we cannot conclude that it is not relevant. 
Moreover, patients might find data security in testing offered by a HCP a 
truism. 

The results of this review show that the costs of PGx tests, and who 
should pay these, is of great concern. The importance of cost-coverage 
for testing was emphasized in 7 of the 15 articles. Cost is not only a 
concern for patients and HCPs but also a societal concern. Inequality of 
health is an emerging problem worldwide, and patients most in need of 
treatment and testing might be the ones who cannot afford it. If PGx 
testing is to be beneficial on a societal level, and decrease healthcare 
costs, this should be taken into consideration.32 

Many of the barriers for PGx testing described in the studies, such as 
lack of guidelines, HCPs’ lack of knowledge, and inequality in test 
availability, could be overcome by governmental PGx health strategies33 

including an increased focus on educating healthcare students about 
PGx. It should be pointed out that at least 2 organizations are currently 
working on providing proper guidelines for the already available tests 
namely, PharmGKB and CPIC.34 If an organizational body had the 
overall responsibility of provision of tests and proper training of HCPs, 
the implementation of PGx testing would most likely be further along. 
Which would benefit both patients and society. 

4.1. Limitations at study level and outcome level 

The included studies have some limitations. For instance, the lack of 
focus on making sure that data is reproducible and acknowledging how 
this data can be used both in further research and in society. In some of 
the studies, the data was collected from HCPs and patients with no 
experience of PGx. In addition, sampling strategies and low response 
rates were a problem in many of the studies. For example, Johansen 
Taber et al. had an overrepresentation of young GPs.19 Age was shown to 
impact self-evaluated knowledge about PGx.13,16,24,27 Since age was not 
taken into account in all included studies, there is a risk of bias in the 
results on HCPs’ knowledge. 

Gibson et al. only investigated Caucasian patients’ attitudes which 
could mean that the data is not representative for the whole popula-
tion.21 They also contacted patients through email which might decrease 
representation from the older or people with low digital literacy. 

There were also some concerns in the way knowledge was reported 
and tested as some of the knowledge questions did not reflect how the 
general understanding of PGx is today. This could be because the 
concept has evolved, or that a few things have been lost in translation. 

4.2. Limitations at review level 

The 2 last themes in the synthesis deal with the role of pharmacists. 
The preunderstandings of the authors (whereof 2 are pharmacists) has 
probably had an impact on that, (i.e. there has been a specific focus on 
pharmacists). 

A challenge with assessing methodological rigor using the Hawker 
guidelines was that for a few articles, the study protocol was published 
elsewhere, making it difficult to get a full overview. However, it is in 
accordance with the PRISMA guidelines to publish protocols separately 
and it can be necessary due to for example word limits for publication in 
journals. PRISMA recommends this in order to increase the quality of 
research. However, this can perhaps do the opposite as researchers, 
among others, can be too focused on adhering to a given set of standards 
and then fail to pay attention to other, equally important, parts of 
quality in research and dissemination. Especially with qualitative 
research, where flexibility is part of the design, and hence the course can 
be changed due to preliminary results. The transferability score was 
dependent on the sampling score, thus making it difficult to get a high 
transferability score even though the description of how the study was 
carried out was thorough. 

Although few studies were included in this systematic review, the 
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fact that the overall methodological rigor was of good standards in re-
gard to current guidelines, and that most of the identified themes were 
re-emerging, indicates that the overall picture is valid. This systematic 
review has been conducted in accordance with PRISMA guidelines and 
the assessment of methodological rigor made by Hawker et al. including 
the use of the scoring system by Tuffrey-Wijne.9,11,12 In general, the 
quality is measured on how well the studies are described rather than 
how well they were designed and conducted. This problem is also 
acknowledged by Hawker.11 Since the PRISMA guideline is most 
applicable for quantitative studies, following a direct guideline for re-
views was challenging since this review includes both qualitative and 
quantitative studies. 

This review was carried out based on a database search in June 2019, 
any article published after this date has therefore not been included. We 
acknowledge this as a limitation as the research field within PGx is 
changing quickly. 

PGx testing has advanced during the past years and is under 
continuous development. Thus, extracting data that is relevant for the 
current definition is challenging and will most likely continue to be so in 
the coming years. Therefore, the data presented here may not be 
applicable or accurate only a few years into the future. 

5. Conclusion 

In conclusion, more studies are needed on the attitudes and knowl-
edge of PGx testing in primary care. This should be done to better help 
create a strategy for proper implementation in practice, taking into ac-
count the position of different stakeholders. The data presented here 
indicate a need for more education and training of HCPs in order to 
move the use of PGx testing forward. 

The benefits of PGx tests are highly dependent on how they are 
implemented in primary care practice, including how issues like patient 
autonomy, economy, and access to tests, and their results, are addressed. 
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