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 █ Abstract 
Objective: To assess knowledge, attitudes, and barriers as well as ethical, legal and social concerns towards 
pharmacogenetic (PGx) testing among pediatric psychiatrists and pediatricians in Alberta, Canada. Method: An 
anonymous electronic survey was sent to pediatric psychiatrists (n = 49) and pediatricians (n = 93) in Alberta. Results: 
A total of 20 surveys were completed (response rate = 14%). Respondents agreed that PGx testing is clinically useful 
and a majority believed testing had the potential to aid in medication selection, dosing, switching, augmentation, and 
deprescribing, particularly among children with treatment-resistant conditions. However, most respondents could not 
identify an appropriate lab to perform testing, did not have the necessary training to interpret PGx results, and did not have 
access to experts that could assist them in interpreting results. Conclusion: The findings suggest additional PGx education 
and training is required to boost self-efficacy and uptake of PGx testing among pediatric psychiatrists and pediatricians in 
Alberta, Canada. In addition, local and global efforts to develop clinical practice guidelines, provide clear legal guidance, 
and ensure equitable access to testing may facilitate the implementation of PGx-informed prescribing. 
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 █ Résumé 
Objectif: Évaluer les connaissances, les attitudes, et les obstacles ainsi que les préoccupations éthiques, légales et 
sociales à l’égard des tests pharmacogénétiques (PGx) chez les psychiatres pédiatriques et les pédiatres d’Alberta, 
Canada. Méthode: Un sondage anonyme électronique a été envoyé à des psychiatres pédiatriques (n = 49) et des 
pédiatres (n = 93) en Alberta. Résultats: En tout, 20 sondages ont été remplis (taux de réponse = 14 %). Les répondants 
convenaient que les tests PGx sont cliniquement utiles et une majorité croyait que les tests avaient le potentiel d’aider à 
la sélection des médicaments, au dosage, au changement, à l’augmentation et à la déprescription, particulièrement chez 
les enfants ayant des maladies réfractaires au traitement. Toutefois, la plupart des répondants ne pouvaient pas identifier 
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Introduction 

Pharmacogenetic (PGx) testing is a personalized pre-
scribing strategy that utilizes an individual’s genetic in-

formation to inform the selection and dosing of commonly 
used medications, including antidepressants, antipsychot-
ics,	 anticonvulsants,	 and	 attention-deficit	 hyperactivity	
disorder (ADHD) medications (1,2). This strategy can be 
implemented at any stage of treatment, including prior to 
the start of medication, after nonresponse to one or more 
drugs,	or	after	the	onset	of	side	effects	or	an	adverse	drug	
reaction. Doing so can alert health care professionals to ge-
netic variants potentially associated with medication toler-
ability	 or	 efficacy	 and	 advise	 on	how	 to	 tailor	 therapy	 to	
reduce potential harm (3,4).  

The	implementation	of	PGx	testing	could	have	a	significant	
impact on the prescribing of commonly used medications 
(5). For example, it was shown that up to 45% of Alberta 
children and adolescents prescribed an antidepressant have 
genetic variants that could increase their risk for tolerabil-
ity	or	efficacy	issues	(5).		However,	widespread implemen-
tation and adoption of this strategy has not yet occurred. 
Previous studies among primary care physicians (6-10), 
cardiologists (11), pharmacists (12-14), and mental health 
providers (15-17) have suggested the slow adoption of PGx 
testing is, in part, due to diverging perceptions of the qual-
ity and completeness of the PGx evidence-base, variable 
knowledge among care providers about genetics, and mixed 
views related to the utility of PGx testing in clinical practice 
(18). Unfortunately, assessments of the knowledge and at-
titudes about the indications for testing, barriers to using 
the testing, and ethical, legal and social implications of PGx 
testing among pediatric care providers are limited, particu-
larly among those delivering mental health care.  

To address this gap in the literature, we surveyed pediat-
ric psychiatrists and pediatricians in Alberta, Canada about 
their current knowledge and attitudes regarding the use of 
PGx testing for treating mental health conditions in children 
and adolescents as well as their perceived barriers and eth-
ical, legal and social concerns associated with PGx testing 
as	part	of	an	effort	to	aid	in	the	development	of	educational	

programing,	effective	guidelines	for	care,	and	practical	sys-
tems to delivery of pediatric PGx testing.

Methods 
Survey design
A brief (~10 min) anonymous, cross-sectional, web-based 
REDCap survey consisting of 47 items was developed to 
assess physician knowledge, attitudes, barriers and ethical, 
legal and social aspects of PGx testing. Relevant questions 
were taken from previously reported surveys (19-21) and 
augmented with additional questions to address previously 
unassessed domains from the Theoretical Domains Frame-
work (TDF) (22). The TDF is a synthesis of 33 theories 
of behavior change clustered into 14 domains that was 
developed to facilitate implementation research (22). For 
our survey we focused on three domains that have been un-
derrepresented in previous surveys on this topic to include 
environmental	context	and	resources,	social	 influences	on	
knowledge, and the impacts of emotion. In brief, the sur-
vey consisted of six sections: (1) Background Information 
(5-items), (2) Experience with Pharmacogenetic Testing 
(9-items), (3) Indications for Pharmacogenetic Testing 
(14-items), (4) Barriers and Facilitators of Pharmacogenetic 
Testing (8-items), (5) Ethical, Legal and Social Implications 
for Pharmacogenetic Testing (8-items), and (6) Education 
Preferences (2-items). Sections 1, 2 and 6 used a mix of 
multiple choice and binary response options, while Sections 
3, 4, and 5 used a single ordinal nine-point Likert type scale, 
according to the UCLA-RAND Corporation format that is 
currently used for healthcare technology assessment (23). 
The higher the average (closer to 9) score for each item, the 
stronger the participants’ agreement with the statement ex-
pressed by the item. Whereas, the lower the average (closer 
to 1) score for each item, the stronger the participants’ dis-
agreement with the statement expressed by the item.

Participants
Between January 2021 and April 2021, all pediatric psych-
iatrists	(n	=	49)	affiliated	with	the	Alberta	Health	Services	
(i.e., the single health authority for the province of Alberta) 

un laboratoire approprié pour exécuter les tests, n’avaient pas la formation nécessaire pour interpréter les résultats des 
PGx, et n’avaient pas accès à des experts qui pourraient les aider à interpréter les résultats. Conclusion: Les résultats 
suggèrent qu’il faut plus d’éducation et de formation sur les PGx pour stimuler l’auto-efficacité et l’utilisation des tests PGx 
chez les psychiatres pédiatriques et les pédiatres de l’Alberta, Canada. En outre, les initiatives locales et mondiales en vue 
d’élaborer des guides de pratique clinique, d’offrir un guide juridique clair, et d’assurer un accès équitable aux tests peuvent 
faciliter la mise en œuvre de la prescription éclairée des PGx.  

Mots clés: pharmacogénétique, médecins, sondage, enfant, santé mentale  
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and pediatricians	(n	=	93)	affiliated	with	the	largest	hospi-
tal in Alberta (i.e., Foothills Medical Center) were invited 
to participate in the survey. The survey invitations were 
sent by the administrators of these organizations to ensure 
anonymity. Study procedures and reporting followed the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement guidelines (24). Ap-
proval for this study was given by the Conjoint Health Re-
search Ethics Board at the University of Calgary (REB20-
1886). All participants provided informed consent prior to 
completion of the survey. 

Data analysis
Survey results were summarized using descriptive analysis 
techniques,	 including	frequencies,	means,	and	95%	confi-
dence intervals. Due to the small sample size, no inferential 
statistical tests were conducted. For survey items using the 
nine-point Likert scale,	 the	narrower	the	confidence	inter-
val, the greater the unanimity in the participants’ agreement 
or disagreement with the item. However, confidence	inter-
vals that encompassed the value 5 (“neither agree nor dis-
agree”) were interpreted as no consensus or undecided. 

Results
A	total	of	20	 invitees	completed	surveys	 (response	 rate	=	
14%), with better response rates observed from pediatric 
psychiatrists (24%, 12/49) than pediatricians (9%, 8/92). 
As shown in Table 1, most (55%, 11/20) respondents had 
over 10 years of clinical experience and almost all (90%, 
18/20) engaged in some form of outpatient care. The most 
common disorders treated by participating clinicians were 
ADHD (75%, 9/12), autism spectrum/neurodevelopmental 
disorders (75%, 9/12), and mood disorders (66.6%, 8/12). 

The participants’ familiarity and past experiences with PGx 
testing are summarized in Table 2. Only 20% (4/20) of re-
spondents had ever ordered a PGx test and no respondent 
had ordered more than 10 throughout their careers. Nearly 
one-third (30%, 6/20) had a patient that came to an appoint-
ment with PGx testing results, and more than half (55%, 
11/20) had a patient ask about PGx testing. Nearly half of 
respondents (45%, 9/20) report low familiarity with PGx, 
and their perceived peer familiarity was similarly low. The 
most familiar PGx resource to respondents was the Pharma-
cogenomics Knowledge Base (https://www.pharmgkb.org/) 
(25%, 5/20).

Indications for PGx testing
As shown in Figure 1, respondents agreed that PGx testing 
reduced	the	risk	for	adverse	drug	reactions	(mean	=	6.3,	95%	
Confidence	Interval	(CI)	=	5.2	-	7.6)	but	they	were	undecid-
ed	on	the	test’s	ability	to	improve	efficacy	of	psychotropic	

medications	in	children	and	adolescents	(mean	=	5.7,	95%	
CI	=	4.6	-	6.8).	Among	respondents	that	believed	PGx	test-
ing	was	clinically	useful	(n=14),	there	was	agreement	that	
testing should be used to inform psychotropic medication 
selection	(mean	=	7.5,	95%	CI	=	7.0	-	8.2),	dosing	(mean	=	
7.4,	95%	CI	=	6.5	–	8.1),	switching	(mean	=	7.4,	95%	CI	=	
6.6	-	8.1),	augmentation	(mean	=	7.1,	95%	CI	=	6.4	-	7.9),	
and	deprescribing	(mean	=	7.3,	95%	CI	=	6.5	-	8.0).	These	
respondents	also	agreed	that	PGx	testing	should	be	offered	
to	 children	 with	 treatment	 resistant	 conditions	 (mean	 =	
8.1,	95%	CI	=	7.6	-	8.5),	after	non-response	to	one	or	more	

Table 1. Participant demographics (n=20)
Characteristic n (%)
Years of clinical experience

In training 1 (5)
0-4 3 (15)
5-10 5 (25)
10-19 7 (35)
20-29 3 (15)
>30 1 (5)

Main care setting

Inpatient 2 (10)
Outpatient 14 (70)
Both 4 (20)

Main work location

Urban 20 (100)
Location of residency

Canada 18 (90)
USA 0 (0)
Outside Canada / USA 2 (10)

Description of clinical focus (multiple 
areas could be selected) 

ADHD 9 (45)
ASD / Neurodevelopmental 9 (45)
Anxiety 8 (40)
Mood Disorders 8 (40)
General Child Psychiatry 7 (35)
Pediatrician 7 (35)
Addiction 3 (15)
Eating disorders 2 (10)
Psychotic disorders 2 (10)
Consultant in pediatrics 1 (5)
Forensic 0 (0)

ADHD = attention-deficit hyperactivity disorder;  
ASD = autism spectrum disorder
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psychotropic	medications	(mean	=	6.9,	95%	CI	=	6.1	-	7.7),	
after	the	onset	of	an	adverse	drug	reaction	(mean	=	7.1,	95%	
CI	=	6.4	-	7.9),	and	if	recommended	by	Health	Canada	or	
the	US	Food	and	Drug	Administration	(FDA)	(mean	=	6.7,	
95%	CI	=	5.7	-	7.7)	or	if	a	PGx	dosing	guideline	was	avail-
able	 for	 the	 drug	 under	 consideration	 (mean	 =	 7.5,	 95%	
CI	=	6.9	-	8.1).	However,	respondents	were	undecided	on	
whether	PGx	testing	should	be	offered	prior	to	starting	psy-
chotropic	medications	(mean	=	5.9,	95%	CI	=	4.8	-	6.9).

Barriers and Facilitators 
Figure 2 shows that there was no consensus among respon-
dents	on	whether	the	PGx	evidence	base	was	sufficient	to	
support	use	of	PGx	testing	in	practice	(mean	=	5.9,	95%	CI	
=	4.8	-	6.9).	Respondents	did,	however,	come	to	a	consen-
sus about their inability to identify PGx testing laboratories 
(mean	=	2.5,	95%	CI	=	1.6	-	3.4)	and	most	did	not	believe	
that they had the necessary training to interpret testing re-
sults	(mean	=	3.7,	95%	CI	=	2.7	-	4.7).	There	was	a	high	
degree of agreement that clinical practice guidelines would 
be	helpful	 (mean	=	8.0,	95%	CI	=	7.4	 -	8.6)	and	 that	 the	
use of PGx testing would facilitate discussions with their 
patients	 about	 psychotropic	 medication	 options	 (mean	 =	
6.3,	95%	CI	=	5.1	-	7.4).	The	respondents	however,	were	
undecided on whether current PGx testing turnaround times 
(mean	=	4.7,	95%	CI	=	3.8	-	5.8)	or	reimbursement	for	test-
ing	(mean	=	5.7,	95%	CI	=	4.3	-	7.0)	were	barriers	to	using	
PGx testing.

Ethical, Legal and Social Implications 
As illustrated in Figure 3, most respondents believed that 
healthcare providers have an ethical obligation to consider 
PGx	testing	results	if	they	were	available	(mean	=	6.3,	95%	
CI	=	5.5	 -	7.2)	but	were	undecided	on	whether	providers	
who fail to act on PGx testing results would be liable for 
related	patient	harms	(mean	=	5.3,	95%	CI	=	4.3	-	6.4).	Re-
spondents	strongly	agreed	that	the	risks	and	benefits	of	PGx	
testing must be communicated to children and their families 
(mean	=	8.2,	95%	CI	=	7.8	-	8.6)	and	they	also	agreed	that	
clear legal guidance is required to manage fears of liability 
when	 using	 PGx	 test	 results	 (mean	 =	 7.2,	 95%	CI	 =	 6.5	
- 7.9). No consensus was reached on whether PGx testing 
has	the	potential	to	cause	harm	(mean	=	5.2,	95%	CI	=	4.0	
- 6.4) or negatively impact a patient’s ability to get or keep 
health,	life	or	disability	insurance	(mean	=	5.6,	95%	CI	=	
4.5 - 6.6). However, there was agreement that ability to pay 
for	PGx	testing	will	lead	to	health	care	inequalities	(mean	=	
7.4,	95%	CI	=	6.7	-	8.1).		

Table 2. Participant familiarity and experiences 
with PGx testing (n=20)
Characteristic n (%)
Have you ever recommended PGx 
testing

Yes 4 (20)*
No 16 (80)

Has a patient ever come to an 
appointment with PGx testing you did not 
order

Yes 6 (30)
No 14 (70)

Has a patient ever asked about PGx

Yes 11 (55)
No 9 (45)

Have you attended a course, workshop, 
or seminar on PGx testing

Yes 9 (45)
No 11 (55)

How familiar are you with PGx

Not at all familiar 6 (30)
Not very familiar 3 (15)
Somewhat familiar 10 (50)
Very familiar 1 (5)
Extremely familiar 0 (0)
Prefer not to say 0 (0)

How familiar are your colleagues with 
PGx

Not at all familiar 4 (20)
Not very familiar 9 (45)
Somewhat familiar 3 (15)
Very familiar 0 (0)
Extremely familiar 0 (0)
Prefer not to say 4 (20)

Which of the following PGx resources are 
you familiar with

Pharmacogenomics knowledgebase 
(PharmGKB)

5 (25)

Canadian pharmacogenomics net-
work for drug safety

3 (15)

Clinical pharmacogenetic implemen-
tation consortium (CPIC)

1 (5)

Royal dutch pharmacogenomics 
working group (RDPWG)

1 (5)

Pharmacogene variation consortium 
(PharmVar)

0 (0)

PGx, pharmacogenetics
* All 4 reported only rarely using PGx testing and all had ordered 
< 10 tests in their career. 
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Figure 1. Knowledge and Attitudes of PGx testing. The figure depicts means and 95% 
confidence intervals. *Questions only asked of participants who agreed (i.e., answered >5) that 
PGx testing is clinically useful (n=14). PGx, Pharmacogenetics  

Figure 1. Knowledge and attitudes of PGx testing. The figure depicts means and 95% 
confidence intervals

*Questions only asked of participants who agreed (i.e., answered >5) that PGx testing is clinically useful 
(n=14). 
PGx = Pharmacogenetics 
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PGx Education Preferences
All participants noted that they would be interested in fur-
ther education on PGx. Respondents expressed the high-
est interest in online continuing medical education courses 
(75%, 15/20), grand rounds (70%,14/20), and seminars/lec-
tures (55%, 11/20). They were mostly in favor of learning 
about how to interpret PGx results (95%, 19/20) and PGx 
recommendations for prescribing (90%, 18/20) as well as 
the	effects	of	genetic	variation	on	mechanism	of	drug	action	
(85%, 17/20) and populations likely to carry genetic varia-
tions (85%, 17/20) (Table 3).

Discussion 
The results of this study suggest most pediatric psychia-
trists and pediatricians in Alberta are unfamiliar with and 
have	limited	knowledge	of	PGx	testing.	These	findings	are	
aligned with previously reported results among primary 
care physicians, cardiologists, and general psychiatrists in 
other jurisdictions (8,14,19-21). Despite this, respondents 
agreed that PGx testing is a clinically useful tool when treat-
ing children with psychotropic medications. They were par-
ticularly supportive of using PGx testing to reduce the risk 
for adverse drug reactions and to inform therapy of chil-
dren with treatment-resistant conditions. However, there 
was hesitation to support use of PGx testing prior to start-
ing	 psychotropic	medications.	This	 hesitation	 reflects	 the	
current evidence, which has predominately been conducted 
among patients with treatment-resistant depression or those 
with a history of poor tolerability to psychotropic medica-
tions (2,25). Although there is a general belief among the 
PGx research and implementation community that PGx 
testing	will	be	most	impactful	if	offered	prior	to	starting	a	
psychotropic medication, the evidence to support this no-
tion is currently limited. The hesitation to use PGx testing 
prior	to	starting	psychotropic	medications	could	also	reflect	
current testing turnaround times (2 – 40 days) that could 
delay the initiation of treatment (26), although consensus 
from respondents on the impact of testing turnaround time 
was not reached.

Our	findings	also	highlight	barriers	 to	 implementing	PGx	
testing in the pediatric mental health setting. The most 
prominent	barriers	were	 related	 to	PGx	 self-efficacy	 (i.e.,	
perceived ability to order and interpret PGx testing). De-
spite positive perceptions about the clinical utility of PGx 
testing,	 respondents	were	 not	 confident	 in	 their	 ability	 to	
identify a laboratory that performs PGx testing and if test-
ing was to be ordered they reported lacking the necessary 
training to interpret the results. Notably, a recent review 
reported	13	commercial	laboratories	offer	pharmacogenet-
ics testing in Canada that is relevant to psychiatry as do 
several Canadian institutions such as the Hospital for Sick 

Children, BC Children’s Hospital, University of Montreal, 
Western University, the Centre for Addiction and Mental 
Health, and the Universities of Calgary and Alberta under 
research protocols (26). Thus, awareness rather than avail-
ability	of	testing	is	likely	driving	low	confidence	in	identi-
fying	a	laboratory.	Confidence	in	interpretation	of	PGx	test	
results however, likely stems from variability in the avail-
ability and quality of clinical decision supports and educa-
tion opportunities related to PGx testing. Unfortunately, we 
did not thoroughly ask about clinical decision supports but 
we did ask about whether respondents had access to experts 
to assist with interpretation of PGx test results, to which 
most respondents disagreed or were unsure. PGx clinics 
(27), integration of PGx clinical decision support into the 
electronic medical record (28), and expansion of clinical 
teams to include PGx-trained healthcare providers (e.g., 
pharmacists, genetic counsellors) (29) are potential strat-
egies for addressing this barrier.

 To address educational barriers, the integration of PGx in-
formation	 into	medical	school	curricula	and	offering	con-
tinuing medical education opportunities for practitioners 
have been successfully implemented (30). In fact, all partic-
ipants in this study reported an interest in education/training 
opportunities related to the implementation of PGx testing, 
especially opportunities related to interpretation of results 
and current recommendations for prescribing. The latter is 
particularly important as respondents strongly agreed that 
professional practice guidelines relating to PGx would be 
helpful, mirroring responses in other studies (8,20,21). To 
tackle this issue, international expert groups, such as the 
Clinical Pharmacogenetics Implementation Consortium 
and the Dutch Pharmacogenetics Working Group, have 
developed guidelines for how to use PGx information to 
inform psychotropic medication selection and dosing (31-
33).  However, only 5% of physicians surveyed in this study 
indicated familiarity with these two expert groups. Recent 
updates to guidelines to include recommendations for pre-
scribing in children and adolescents may improve aware-
ness in the future (21). 

Our assessment of the ethical and legal implications of PGx 
testing revealed that respondents felt they had an ethical 
obligation to consider PGx testing results but were reluc-
tant to accept liability for patient harms if they failed to act 
on these test results. Although litigation of this nature has 
been limited to date, there have been warnings that liability 
claims are likely to increase as PGx testing becomes more 
widespread (34). To mitigate this risk, physicians can use 
PGx test results to facilitate shared decision-making with 
their patients and families, including clear communica-
tion	of	the	risks	and	benefits	of	PGx	testing	to	set	realistic	
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expectations about how the results can be reasonably used 
(35).   

From a social perspective, respondents were uncertain 
about whether PGx testing could lead to stigmatization of 
certain groups or negatively impact their patients’ ability 
to get or keep health, life, or disability insurance. We are 
not aware of any evidence that suggests PGx testing has 
resulted in these negative impacts, although as testing be-
comes more widespread they could emerge. There was 
however, a strong concern by respondents that the inability 
for a patient to pay for PGx testing would reduce access to 
testing and increase health inequities. This is unfortunately, 
a current reality as most PGx testing in Canada is provided 

by commercial laboratories at a median cost of $499 CAD 
(26). However, several insurers in Canada (i.e., Sun Life 
Financial, Great-West Life Assurance Co., Manulife Finan-
cial Corp) are currently piloting PGx testing among patients 
with mental health disability claims (36), suggesting reim-
bursement for testing could be on the horizon.  

Interpretation	of	our	findings	 should	be	considered	 in	 the	
context of several caveats. The response rate was low and 
the sample was small and focused on a narrow geographic 
area (i.e., Alberta, Canada). These factors greatly impact 
generalizability. Although the response rate achieved was 
similar to or higher than other similar studies (8,14,19-
21), those that did respond may not be representative of all 

 
Figure 2. Barriers and Facilitators to PGx Testing. The figure represents means achieved with 
error bars representing the 95% confidence interval. PGx, pharmacogenetics 
 

Figure 2. Barriers and Facilitators to PGx Testing. The figure represents means achieved with 
error bars representing the 95% confidence interval. 

PGx = pharmacogenetics
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pediatric psychiatrist and pediatricians in Alberta or else-

where. In addition, the survey was not pilot tested prior to 

this study nor are psychometric properties of the survey 

available. Furthermore, the survey did not allow for partici-

pants	to	elaborate	on	their	responses.	Qualitative	or	mixed-

method approaches in the future could provide deeper in-

sight into the topics highlighted herein and better inform 

interventions and strategies to address barriers and knowl-

edge gaps for PGx testing implementation. 

In	 conclusion,	 our	 study	 findings	 suggest	 additional	 PGx	

education	and	training	is	required	to	boost	self-efficacy	and	

uptake of PGx testing among pediatric psychiatrist and pe-

diatricians in Alberta, Canada and likely elsewhere. In ad-

dition,	local	and	global	efforts	to	develop	clinical	practice	

guidelines, provide clear legal guidance, and ensure equi-

table access to testing may facilitate the implementation of 

PGx-informed prescribing in child and adolescent mental 

health settings.

 
Figure 3. Ethical Understanding of PGx. The figure depicts means and 95% confidence 
intervals. PGx, pharmacogenetics  
 

Figure 3. Ethical understanding of PGx 

The figure depicts means and 95% confidence intervals. PGx = pharmacogenetics 



26

Jessel et al

  J Can Acad Child Adolesc Psychiatry, 31:1, February 2022

Acknowledgements
The	authors	would	like	to	thank	Connor	Braun	for	offering	
a thoughtful perspective in conversations about this project.

Conflicts of Interest
Dr. Arnold receives support from the Alberta Innovates 
Translational Health Chair in Child and Youth Mental 
Health.

References
1. Bousman CA, Zierhut H, Müller DJ. Navigating the Labyrinth 

of Pharmacogenetic Testing: A guide to test selection. Clinical 
Pharmacology & Therapeutics. 2019;106(2):309–12. 

2. Bousman CA, Bengesser SA, Aitchison KJ, Amare AT, Aschauer H, 
Baune BT, et al. Review and consensus on pharmacogenomic testing 
in psychiatry. Pharmacopsychiatry. 2020;54(01):5–17. 

3. Krebs K, Milani L. Translating pharmacogenomics into clinical 
decisions: Do not let the perfect be the enemy of the good. Human 
Genomics. 2019;13(1). 

4. Relling MV, Evans WE. Pharmacogenomics in the clinic. Nature. 
2015;526(7573):343–50. 

5. Fan M, Yarema MC, Box A, Hume S, Aitchison KJ, Bousman CA. 
Identification	of	high-impact	gene–drug	pairs	for	pharmacogenetic	
testing in Alberta, Canada. Pharmacogenetics and Genomics. 
2020;31(2):29–39. 

6. Brown L, Eum S, Haga SB, Strawn JR, Zierhut H. Clinical 

utilization of Pharmacogenetics in psychiatry – perspectives of 
pharmacists, genetic counselors, implementation science, clinicians, 
and industry. Pharmacopsychiatry. 2019;53(04):162–73. 

7. Frigon M-P, Blackburn M-È, Dubois-Bouchard C, Gagnon A-L, 
Tardif S, Tremblay K. Pharmacogenetic testing in Primary Care 
Practice: Opinions of physicians, pharmacists and patients. 
Pharmacogenomics. 2019;20(8):589–98. 

8. Liko I, Lee YM, Stutzman DL, Blackmer AB, Deininger KM, 
Reynolds AM, et al. Providers’ perspectives on the clinical utility of 
pharmacogenomic testing in pediatric patients. Pharmacogenomics. 
2021;22(5):263–74. 

9.	Smith	DM,	Namvar	T,	Brown	RP,	Springfield	TB,	Peshkin	BN,	
Walsh RJ, et al. Assessment of Primary Care Practitioners’ attitudes 
and interest in pharmacogenomic testing. Pharmacogenomics. 
2020;21(15):1085–94. 

10. Vest BM, Wray LO, Brady LA, Thase ME, Beehler GP, Chapman 
SR, et al. Primary care and mental health providers’ perceptions 
of implementation of pharmacogenetics testing for Depression 
prescribing. BMC Psychiatry. 2020;20(1). 

11. Unertl	KM,	Jaffa	H,	Field	JR,	Price	L,	Peterson	JF.	Clinician	
perspectives on using Pharmacogenomics in clinical practice. 
Personalized Medicine. 2015;12(4):339–47. 

12. Bagher AM, Neamatallah T, Balto G, Almikhy L, Almutairi SS, 
Abushal	MO,	et	al.	Knowledge,	perception,	and	confidence	of	
hospital pharmacists toward pharmacogenetics in Jeddah, Kingdom 
of Saudi Arabia. Saudi Pharmaceutical Journal. 2021;29(1):53–8. 

13. Meloche M, Kwon HJ, Letarte N, Bussières J-F, Vadnais B, 
Hurlimann T, et al. Opinion, experience and educational preferences 
concerning	pharmacogenomics:	An	exploratory	study	of	Quebec	

Table 3. Education preferences of respondents about PGx testing (n=20)
Characteristic n (%)
Which educational opportunities would be of interest to you

Cme / ce courses (web-based) 15 (75)
Grand rounds 14 (70)
Seminar / lecture 11 (55)
Cme / ce courses (in-person) 10 (50)
Half day conference 8 (40)
Journal articles 6 (30)
All day conference 2 (10)
Not interested 0 (0)
Which of the following would you be interested in learning more about 

How to interpret pgx test results 19 (95)
Recommendations (if any) for prescribing 18 (90)
Demographics of populations likely to carry genetic variations 17 (85)
Effect of genetic variation on mechanism of drug action 17 (85)
Description of pgx information in drug labelling 15 (75)
Laboratories offering pgx testing 15 (75)
References (scientific literature) 11 (55)
None 1 (5)
PGx = pharmacogenetics



J Can Acad Child Adolesc Psychiatry, 31:1, February 2022 27

Pharmacogenetic Testing Knowledge and Attitudes among Pediatric Psychiatrists and Pediatricians in Alberta, Canada

pharmacists. Pharmacogenomics. 2020;21(4):235–45. 
14. Tsuji D, Saito Y, Mushiroda T, Miura M, Hira D, Terada T. Results 

of a nationwide survey of Japanese pharmacists regarding the 
application of pharmacogenomic testing in Precision Medicine. 
Journal of Clinical Pharmacy and Therapeutics. 2021;46(3):649–57. 

15. Chan CY, Chua BY, Subramaniam M, Suen EL, Lee J. 
Clinicians’ perceptions of pharmacogenomics use in psychiatry. 
Pharmacogenomics. 2017;18(6):531–8. 

16. Laplace B, Calvet B, Lacroix A, Mouchabac S, Picard N, Girard 
M, et al. Acceptability of pharmacogenetic testing among French 
psychiatrists, a national survey. Journal of Personalized Medicine. 
2021;11(6):446. 

17. Undurraga J, Bórquez-Infante I, Crossley NA, Prieto ML, Repetto 
GM. Pharmacogenetics in psychiatry: Perceived value and opinions 
in a Chilean sample of practitioners. Frontiers in Pharmacology. 
2021;12. 

18. Arwood MJ, Chumnumwat S, Cavallari LH, Nutescu EA, Duarte JD. 
Implementing pharmacogenomics at your institution: Establishment 
and overcoming implementation challenges. Clinical and 
Translational Science. 2016;9(5):233–45. 

19. Haga SB, Burke W, Ginsburg GS, Mills R, Agans R. Primary care 
physicians’ knowledge of and experience with pharmacogenetic 
testing. Clinical Genetics. 2012;82(4):388–94. 

20. Johansen Taber K, Dickinson B. Pharmacogenomic knowledge 
gaps and educational resource needs among physicians in selected 
specialties. Pharmacogenomics and Personalized Medicine. 
2014;7:145-62. 

21. Rahawi S, Naik H, Blake KV, Owusu Obeng A, Wasserman RM, 
Seki Y, et al. Knowledge and attitudes on pharmacogenetics among 
pediatricians. Journal of Human Genetics. 2020;65(5):437–44. 

22. Atkins L, Francis J, Islam R, O’Connor D, Patey A, Ivers N, et al. 
A guide to using the theoretical domains framework of behaviour 
change to investigate implementation problems. Implementation 
Science. 2017;12(1). 

23. Dalkey N. An experimental study of group opinion. Futures. 
1969;1(5):408–26. 

24. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. The strengthening the reporting of observational 
studies in Epidemiology (strobe) statement: Guidelines for 
Reporting Observational Studies. Annals of Internal Medicine. 
2007;147(8):573. 

25. Bousman CA, Arandjelovic K, Mancuso SG, Eyre HA, Dunlop 
BW. Pharmacogenetic tests and depressive symptom remission: A 
meta-analysis of randomized controlled trials. Pharmacogenomics. 
2019;20(1):37–47. 

26. Maruf AA, Fan M, Arnold PD, Müller DJ, Aitchison KJ, Bousman 
CA. Pharmacogenetic testing options relevant to psychiatry 
in Canada: Options de tests pharmacogénétiques pertinents en 
Psychiatrie au Canada. The Canadian Journal of Psychiatry. 

2020;65(8):521–30. 

27. Dunnenberger HM, Biszewski M, Bell GC, Sereika A, May 
H, Johnson SG, et al. Implementation of a multidisciplinary 
pharmacogenomics clinic in a Community Health System. American 
Journal of Health-System Pharmacy. 2016;73(23):1956–66. 

28. Caraballo PJ, Bielinski SJ, St. Sauver JL, Weinshilboum RM. 
Electronic medical record-integrated pharmacogenomics and Related 
Clinical Decision Support Concepts. Clinical Pharmacology & 
Therapeutics. 2017;102(2):254–64. 

29. Zierhut HA, Campbell CA, Mitchell AG, Lemke AA, Mills 
R, Bishop JR. Collaborative counseling considerations for 
pharmacogenomic tests. Pharmacotherapy: The Journal of Human 
Pharmacology and Drug Therapy. 2017;37(9):990–9. 

30. Weitzel KW, Aquilante CL, Johnson S, Kisor DF, Empey PE. 
Educational strategies to enable expansion of pharmacogenomics-
based care. American Journal of Health-System Pharmacy. 
2016;73(23):1986–98. 

31. Hicks JK, Bishop JR, Sangkuhl K, Müller DJ, Ji Y, Leckband SG, 
et al. Clinical pharmacogenetics implementation consortium (CPIC) 
guideline for CYP2D6 and CYP2C19 genotypes and dosing of 
selective serotonin reuptake inhibitors. Clinical Pharmacology & 
Therapeutics. 2015;98(2):127–34. 

32. Hicks JK, Sangkuhl K, Swen JJ, Ellingrod VL, Müller DJ, Shimoda 
K, et al. Clinical pharmacogenetics implementation consortium 
guideline (CPIC) for CYP2D6 and CYP2C19 genotypes and dosing 
of tricyclic antidepressants: 2016 update. Clinical Pharmacology & 
Therapeutics. 2017;102(1):37–44. 

33. Swen JJ, Nijenhuis M, de Boer A, Grandia L, Maitland-van der 
Zee AH, Mulder H, et al. Pharmacogenetics: From bench to byte— 
an update of guidelines. Clinical Pharmacology & Therapeutics. 
2011;89(5):662–73. 

34. Marchant GE, Campos-Outcalt DE, Lindor RA. Physician liability: 
The next big thing for personalized medicine? Personalized 
Medicine. 2011;8(4):457–67. 

35. Arandjelovic K, Eyre HA, Lenze E, Singh AB, Berk M, Bousman 
C. The role of depression pharmacogenetic decision support 
tools in shared decision making. Journal of Neural Transmission. 
2017;126(1):87–94. 

36. Paterson J. Pharmacogenetic testing a growing area as pilot projects, 
research	get	underway	[Internet].	BenefitsCanada.com.	2019	[cited	
2021	Apr	8].	Available	from:	https://www.benefitscanada.com/
news/bencan/pharmacogenetics-testing-offering-opportunities-in-
disability-drug-cost-management/


