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Aim: To investigate the availability of CYP450–2D6 (CYP2D6) genotyping 
results in general practitioner (GP) and/or community pharmacy records, and 
the influence thereof on psychotropic CYP2D6 substrate dosing. Materials & 
methods: Primary outcome was the percentage of patients genotyped for CYP2D6 
with their genotype/phenotype registered in GP and/or pharmacy records. Secondary 
outcome was the number of defined daily doses of psychotropic CYP2D6 substrates 
prescribed after genotyping. Results: For 216 out of 1307 eligible patients, medication 
overviews could be obtained. Genotyping results were available at GPs for 3.1% and 
at pharmacies for 5.9%. The average psychotropic CYP2D6 substrate dose was not 
different between any non-extensive metabolizer group and extensive metabolizer 
group (all p ≥ 0.486). Conclusion: Valuable information for individualizing psychiatric 
pharmacotherapy is lost on a large scale.
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CYP450–2D6 (CYP2D6 ) genotyping is 
probably the most widely accepted appli
cation of genotyping in psychiatric prac
tice [1,2]. Approximately 5–10% of the 
Cauc asian population can be classified as 
poor metabolizer (PM) by lacking CYP2D6 
activity and 1–10% as ultrarapid metabo
lizer (UM) by gene duplication resulting in 
high enzyme activity. Furthermore, 30–35% 
of Caucasians are classified as intermediate 
metabolizer (IM) [3]. IMs have a metabolic 
capacity in between a PM and an extensive 
metabolizer (EM) with two active alleles [3]. 
A previous study has shown that 52% of psy
chiatric patients use at least one drug that is 
metabolized by CYP2D6 [4]. Out of the drugs 
metabolized by CYP2D6, 62% were classi
fied as an antidepressant or antipsychotic [4]. 
These figures implicate that a substantial 
proportion of psychiatric patients are at risk 
of unsatisfactory response to psychotropic 

drugs due to polymorphisms in CYP2D6. 
The resulting number of patients needed 
to genotype (to find one additional psychi
atric patient with compromised CYP2D6 
metabolism [PM, IM and UM] treated with 
at least one drug metabolized by CYP2D6) 
is four [4].

In The Netherlands, recommendations 
are available for the choice of drug and dose 
based on the CYP2D6 phenotype, written by 
the Pharmacogenetics’ Working Group of the 
Royal Dutch Association for the Advance
ment of Pharmacy (WINAp/KNMP) 
guidelines [5,6]. The recommend ations are 
incorp orated in the Dutch computerized 
medication surveillance systems for phys
icians, and as such reach general practition ers 
(GPs), psych iatrists and pharmacists. These 
recommendations include guidelines for the 
application of CYP2D6 genotyping for appro
priate drugs and potentially are a major step 

Availability of CYP2D6 genotyping results 
in general practitioner and community 
pharmacy medical records

Mirjam Simoons1,2,3, Hans 
Mulder*,1,4, Robert A 
Schoevers2, Henricus G 
Ruhé‡,2,5 & Eric N van Roon‡,3,6

1Wilhelmina Hospital Assen, Department 

of Clinical Pharmacy, Assen, 

The Netherlands 
2Department of Psychiatry, 

Interdisciplinary Center for 

Psychopathology & Emotion regulation, 

University of Groningen, University 

Medical Center Groningen, Groningen, 

The Netherlands 
3Department of Pharmacy, Unit of 

Pharmacotherapy, –Epidemiology & 

–Economics, University of Groningen, 

Groningen, The Netherlands 
4Psychiatric Hospital GGZ Drenthe, 

Assen, The Netherlands 
5Department of Psychiatry, Warneford 

Hospital, University of Oxford, 

Oxford, UK 
6Department of Clinical Pharmacy 

& Clinical Pharmacology, Medical 

Center Leeuwarden, Leeuwarden, 

The Netherlands 

*Author for correspondence:  

Tel.: +31 0 592 325 450 

Fax: +31 0 592 325 601 

hans.mulder@wza.nl
‡Authors contributed equally

For reprint orders, please contact: reprints@futuremedicine.com



10.2217/pgs-2017-0043 Pharmacogenomics (Epub ahead of print) future science group

Research Article    Simoons, Mulder, Schoevers, Ruhé & van Roon

forward in the implementation of pharmaco genetic 
testing in daily clinical practice. However, in order to 
optimize the use of genotyping results, an important 
precondition is the adequate documentation of the 
CYP2D6 genotyping results in the medical records 
of the patient and communication to all healthcare 
providers involved with the individual patient.

The genetic laboratory of the Wilhelmina Hospi
tal in Assen is one of the centers in The Netherlands 
that offer genotyping services. This laboratory per
forms about 350 CYP2D6 genotyping per year, pre
dominantly ordered by physicians in mental health
care institutions. Recent research of our group showed 
that there are clinically relevant shortcomings in the 
availability of the actual medication use in the medi
cal records of psychiatric patients [7]. Given the poten
tial lifetime benefits of a CYP2D6 genotyping and the 
absence of previous literature, we decided to quantify 
– for the first time – how genotyping results are com
municated to other healthcare providers like the GP 
and/or community pharmacies, who have a central role 
in the delivery of care in The Netherlands.

Aim of the study
The primary objective of this study is to quantify 
the availability of CYP2D6 genotyping results in the 
medical records of the GP and/or community phar
macy. The secondary objective is to determine whether 
registration of the CYP2D6 genotyping result in the 
medical records influences the dosing of psychotropic 
drugs metabolized by CYP2D6 as suggested in the 
Dutch/International guidelines.

Material & methods 
Design & setting
We crosssectionally assessed the percentage of patients 
genotyped for CYP2D6 for whom the genotyping 
result was available in the medical record of their GP 
and/or community pharmacy. The extent to which the 
registration of the CYP2D6 genotyping result in the 
medical records influenced the dosing of psychotropic 
drugs metabolized by CYP2D6 was examined in a 
retrospective survey.

CYP2D6 genotypings were performed by the genetic 
laboratory of the hospital pharmacy of the Wilhelmina 
Hospital Assen (WHA), The Netherlands. The hospi
tal pharmacy delivers pharmaceutical care to – among 
others – a large secondary mental healthcare institu
tion. The hospital pharmacy is specialized in psycho
pharmacology and in the implementation of pharmaco
genetics in patients with psychiatric disorders [8–10]. 
The genetic laboratory of the WHA is one of a few that 
perform pharmacogenetic tests. In The Netherlands, 
physicians and nursing specialists from any (mental) 

healthcare institution can order pharmacogenetic tests, 
including CYP2D6 from the WHA genetic laboratory. 
The CYP2D6 phenotype is determined on the basis 
of genotyping of CYP2D6 *3, *4, *5, *6, *10, *17 and 
*41, performed as described previously [11]. Approxi
mately 90% of all CYP2D6 genotyping requests are 
ordered by psychiatrists treating patients in mental 
healthcare institutions, either directly or through a 
laboratory. Genotyping results, including the genotype 
and pheno type, are communicated on paper with the 
healthcare provider that requested the test. By Dutch 
law, the laboratory is not allowed to transfer this 
inform ation to the medical records of the requestor or 
any other healthcare provider.

Study population
Patients were eligible if they were 18 years or older, and 
their CYP2D6 genotype was determined by genetic 
laboratory of the WHA between 1 February 2010 and 
1 May 2015. The starting date was chosen 1 February 
2010 because therapeutic recommendations based on 
the CYP2D6 phenotype were available for all psycho
tropic drugs metabolized by CYP2D6 from that date 
onward. Patients genotyped for CYP2D6 solely for 
(genetic) research purposes were excluded. Patients 
with both the IM phenotype and duplications in 
the CYP2D6 gene were also excluded, because their 
metabolic capacity cannot be predicted accurately.

As mentioned before, approximately 90% of all 
CYP2D6 genotyping requests come from psychi
atrists working in mental healthcare institutions. With 
these requests, the names of the GP and pharmacy 
are not regularly provided. In order to trace the GP 
and community pharmacy for genotyped patients, we 
screened two databases (the WHA medical records 
and the National Firstline Healthcare shared data
base). Furthermore, we asked the retrieved healthcare 
providers for additional names of GPs and community 
pharmacies of their patients.

Patients were included in the study if they were 
geno typed by the laboratory of the WHA and an 
actual medication record was available from their GP 
and/or their community pharmacy. If, in addition, 
the medication history was available at the commu
nity pharmacy only, patients were included for anal
ysis of the secondary objective. We were logistically 
unable to collect information on the race or ethnic
ity of the patients, which appears irrelevant for our 
research aims.

The independent medical ethics committee in Leeu
warden, The Netherlands (rTPO Leeuwarden), waived 
formal review of the study protocol since participants 
were not subject to procedures, nor were they required 
to follow any rules of behavior. As this study was a 



10.2217/pgs-2017-0043www.futuremedicine.comfuture science group

Availability of CYP2D6 genotyping results at general practitioners & pharmacies    Research Article

critical evaluation of the process around genotyping 
at the genetic laboratory of the WHA, no informed 
consent from patients was needed by the Dutch law, as 
confirmed in writing by the legal expert of the rTPO 
Leeuwarden.

Primary outcome
The primary outcome was the percentage of patients 
genotyped for CYP2D6 for whom genotyping results 
were available at their GP, community pharmacy, 
GP or community pharmacy, and GP and com
munity pharmacy. Availability of the genotyping 
results in the medical health records at these health
care providers was assessed by requesting an actual 
medic ation overview (which, by definition, includes 
contraindications such as the CYP2D6 genotyping 
result) and checking if the CYP2D6 genotype or 
phenotype was present on it. We hypothesized that 
genotyping results indicating a nonEM phenotype 
would be communicated to other healthcare provid
ers more often than geno typing results indicating 
an EM phenotype. Therefore, we also compared the 
availability of test results between patients with EM 
and nonEM phenotypes.

Secondary outcome
The secondary outcome was the average number of 
defined daily doses (DDDs) per patient year of use 
of psychotropic drugs metabolized by CYP2D6 by 
each patient in the period between the date of the 
genotyping and 1 May 2015 (or date of death, which
ever occurred first; the observation period; DDDs 
per patient year). A CYP2D6 substrate psychotropic 
drug was defined as any oral, rectal or parenteral drug 
approved by the Dutch Medicines Evaluation Board 
or the European Medicines’ Evaluation Authority 
with the anatomical therapeutic chemical (ATC) 
code starting with N05 or N06, which is metabo
lized by CYP2D6, and as such is mentioned in the 
WINAp/KNMP guidelines with the necessity to per
form a therapeutic intervention in case of an aberrant 
CYP2D6 phenotype (e.g., choose another drug or 
adjust dose). These criteria apply to 13 drugs: ami
triptyline, aripiprazole, atomoxetine, clomipramine, 
doxepin, haloperidol, imipramine, nortriptyline, 
paroxetine, pimozide, risperidone, venlafaxine and 
zuclopenthixol. We investigated the difference in 
DDDs per patient year between groups of patients 
for whom the genotyping result was, or was not, reg
istered in the medical records at the GP and/or com
munity pharmacy. In addition, we investigated data 
for potential effect modification by the CYP2D6 
phenotype, using the ‘availability of the genotyping 
result*phenotype’ interaction term.

Statistical analysis
We performed descriptive and statistical analyses using 
Excel 2013 (Microsoft, WA, USA) and IBM SPSS 
(version 24 for Windows; IBM Corp., NY, USA). 
For comparison of differences in categorical variables, 
we used χ2 tests or Fisher’s exact tests as appropriate, 
and for comparison of differences in continuous vari
ables we used ttests or linear regression techniques in 
case multi variate analysis was appropriate. We report 
medians (range) when distributions are not distributed 
normally. In all analyses, differences were considered 
statistically significant for the twotailed test if p < 0.05.

In order to investigate the association between the 
CYP2D6 phenotype (categorized as EM and non
EM phenotypes) and the availability of the CYP2D6 
genotyping results in the medical records at the GP 
and community pharmacy, we used logistic regres
sion analysis. As genotyping information may be lost 
over time  for example when a patient switches from 
GP and/or community pharmacy , the chance that a 
genotyping result is still adequately registered in the 
medical records shortly after the genotyping is higher 
than a few years later. In order to avoid inflation of our 
regression analysis results by this bias, we wanted to 
correct for the time between the date of the geno typing 
and the date of extraction of the actual medication 
overview in these models. 

We investigated the association between the avail
ability of the genotyping results in the medical records 
at the GP and/or community pharmacy and the num
ber of DDDs per patient year of use across all prescribed 
psycho tropic CYP2D6 substrates under study, by using a 
linear regression model. In order to prevent bias by higher 
DDDs with shorter duration of followup because of less 
time for trial and error, in case the WINAp/KNMP 
guidelines are not followed, we corrected for the length 
of the observation period. In addition, we investigated 
potential effect modification by the CYP2D6 phenotype 
using the ‘availability of the genotyping result*phenotype’ 
interaction term in this model.

Results 
Study population
Figure 1 shows the flow chart for patient eligibility and 
inclusion. Between 1 February 2010 and 1 May 2015, 
the genetic laboratory of the WHA had performed 
1388 CYP2D6 genotyping procedures, including 
20 duplicate tests, for 1307 unique, eligible patients. 
Of all eligible patients, we were able to retrieve contact 
details and requested data from a GP for 279 patients and 
from a community pharmacy for 244 patients. Included 
and excluded patients were not different regarding age 
(p = 0.881), phenotype (p = 0.693) or year of geno typing 
(p = 0.596). We were unable to test directly whether 
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Figure 1. Flowchart of patient inclusion and data collection. 
CP: Community pharmacy; CYP2D6: CYP450–2D6; GP: General practitioner; IMDUP: Intermediate metabolizer with duplications of the 
CYP2D6 gene.

1388 CYP2D6
pharmacogenetic
tests for treatment

purposes

Unique patients
(n = 1368)

Eligible patients
(n = 1307)

Medication
overview

requested from
GP (n = 279)

Excluded (n = 1028):
– Name of general practitioner not 

available

Excluded 
(n = 88):

– Not a patient at the GP (anymore; n = 60)
– GP did not want to provide data (n = 20)

– GP not traceable (n = 5)
– No response from 

GP (n = 3)

Excluded (n = 1063):
– Name of community pharmacy not 

available

Excluded (n = 61):
– <18 years old (n = 50)

– Disallowed use of data (n = 1)
– IMDUP phenotype (n = 10)

20 duplicate tests excluded (latest test excluded)

Excluded (n = 21):
– No data available from the 

pharmacogenetic test
onwards

Medication
overview

received from
GP (n = 191)

Medication
overview

received from
CP (n = 187)

Included for
primary research
question (n = 216
unique patients)

Included for
secondary research
question (n = 166)

Medication
overview and history

requested from
CP (n = 244)

Excluded 
(n = 57):

– Not a patient at the CP 
(anymore; n = 43)

– CP did not want to provide data (n = 11)
– No response from CP (n = 2)

– Patient disallowed CP to
provide data (n = 1)
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they differed in their requesting (mental) healthcare 
institution as more than half of all geno typings (51.6%) 
were requested indirectly through a laboratory, and we 
could not logistically verify the original requesting insti
tutions. For 216 unique patients, we received uptodate 
medication overviews from the GP and/or community 
pharmacy. The most important reasons for not includ
ing otherwise eligible patients were unavail ability of or 
incorrect name of the GP and/or commun ity pharmacy 
or the healthcare provider refusing to provide data for 

privacy reasons (despite approval of the study and waiver 
of informed consent).
Characteristics of the included patients are summa
rized in Table 1. Directly addressed genotyping requests 
(35/216, 16.2%) came from 13 different (mental) 
healthcare institutions throughout The Netherlands. 
For 166 patients we could retrieve the medication 
history from the community pharmacy for the period 
from the genotyping to 1 May 2015, for answering our 
secondary research question.
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Primary outcome
Genotyping results were registered in the medical 
records at the GP for six of 191 patients (3.1%), and 
at the community pharmacy for 11 of 187 (5.9%; 
Table 2). In six of 162 patients (3.7%), the geno typing 
result was available at both the GP and the community 
pharmacy. Because none of the test results indicating 
EM were available at a GP or community pharmacy 
and the number of subjects with transferred pheno
type (PM, IM and UM) results were low, we were 
restricted to χ2 tests instead of logistic regression anal
ysis. Therefore, we could not correct for potential bias 
by increasing time between the date of the geno typing 
and the date of extraction of the actual medication 
overview. NonEM phenotypes (PM, IM and UM 
taken together) were communicated more often to 
GPs and to community pharmacies than EM pheno
types (both p < 0.010; Table 2). Of note, only IM and 
PM phenotypes were communicated, while none of 
the EM and UM phenotypes were available at GPs or 
community pharmacies.

Secondary outcome
The phenotypic distribution of the patients for whom 
we could retrieve the medication history (n = 166) 
was similar to the total sample (n = 216). Half of 
these patients (87/166; 52.4%) had used no psycho
tropic CYP2D6 substrates for which an intervention 
is advised in the WINAp/KNMP guidelines dur
ing the observation period. Risperidone was used 
by 24 patients (14.5%), nortriptyline by 21 patients 
(12.7%), venlafaxine by 18 patients (10.8%) and both 
aripiprazole and haloperidol were used by 12 patients 
(7.2%). Amitriptyline, atomoxetine, clomipramine, 
doxepin, imipramine, paroxetine, pimozide and zuclo
pentixol were used by eight patients or fewer (≤4.8%).

The median duration of followup was 862 days 
(range: 3–1884 days). Patients for whom the test 
results were still available at the GP and/or com
munity pharmacy had been prescribed on average 
133.27 DDDs of psychotropic CYP2D6 substrates 
per patient year less than patients for whom the result 
was not available. This difference was corrected for 
the duration of followup and was not statistically 
significant (p = 0.341). Since none of the EM and 
UM phenotypes were available at GPs or commu
nity pharmacies, we could not invest igate potential 
effect modification by the CYP2D6 phenotype using 
the ‘availability of the genotyping result*phenotype’ 
interaction term, due to collinearity issues. We there
fore used a linear regression model to investigate 
whether the psychotropic CYP2D6 substrate dose (in 
DDDs per patient year) was different between any of 
the nonEM pheno type groups compared with the 

EM phenotype, still correcting for the duration of 
followup, but irrespect ive of the availability in the 
medical records at the GP and/or community phar
macy. The average psycho tropic CYP2D6 substrate 
dose was 183.8 corrected DDDs per patient year (95% 
CI: 57.4–310.3). This dose decreased with increas
ing CYP2D6 metabolic activity according to pheno
type with 253.3 (95% CI: 97.9 to 604.5) DDDs per 
patient year for PMs and 111.7 (95% CI: 443.0 to 
666.4) DDDs per patient year for UMs. However, 
there was no linear relation ship (p = 0.514) and the 
differences were not significant between any of the 
nonEM phenotype groups compared with the EM 
phenotype group (all three values of p ≥ 0.486).

Discussion
To take full advantage of the lifelong benefits of 
genotyping results in psychiatric patients, it is criti
cal to communicate genotyping results to other 
healthcare providers. To our knowledge, this is 
the first study that investigated the extent to which 
genotyping results were communicated with other 
healthcare providers. We found that the transfer 
of CYP2D6 genotyping results from the request
ing physician to GPs and community pharmacies is 
poor. CYP2D6 genotyping results were adequately 
registered in the medical records for only 3.1 and 
5.9% of patients genotyped for CYP2D6 at the GP 
and community pharmacy, respectively. All cases of  

Table 1. Characteristics of the study population 
(n = 216).

Characteristic Value 

Gender: female, n (%) 91 (42.1%)

Age (years ± standard 
deviation)

41.8 ± 13.8

Year of (first) CYP2D6 pharmacogenetic test, n (%):

– 2010 (from 1 February 
   onward)

33 (15.3%)

– 2011 41 (19.0%)

– 2012 46 (21.3%)

– 2013 49 (22.7%)

– 2014 32 (14.8%)

– 2015 (until 1 May) 15 (6.9%)

CYP2D6 phenotype, n (%):

– Poor metabolizer 19 (8.8%)

– Intermediate metabolizer 77 (35.6%)

– Extensive metabolizer 114 (52.8%)

– Ultrarapid metabolizer 6 (2.8%)

CYP2D6: CYP450–2D6.
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registered test results concerned CYP2D6 IM or PM 
pheno types, which were present in 35.6 and 8.8% 
of the study population, respectively. This is indica
tive of a large loss of important information. We 
could not detect any significant differences between 
the phenotype groups in dosing of psychotropic 
CYP2D6 substrate drugs, suggesting that no adjust
ment of pharmacotherapy had been performed after 
genotyping, despite recommendations thereof in the 
WINAp/KNMP guidelines.

Strengths & limitations
The strength of this study is the large population 
obtained from different (mental) healthcare institu
tions nationwide. We believe that our results can there
fore be extrapolated to The Netherlands and, given our 
high standard of care, presumably also to other coun
tries with similar healthcare systems. However, a few 
limit ations apply. First, many eligible patients could 
not be included, and for some included patients, there 
were missing data for one of both healthcare provid
ers. The main reason for these exclusions and miss
ings was the absent, incorrect or not uptodate name 
of the GP and/or community pharmacy. However, we 
were able to show that included and excluded patients 
were not different regarding age (p = 0.881), pheno
type (p = 0.693) or year of genotyping (p = 0.596). In 
addition, any potential selection bias seems unlikely 
to be based on the institution which requested the 
geno typing, as the communication of CYP2D6 geno
typing results did not differ between patients for 
whom the genotyping was requested directly by their 
institution (p = 0.189) or between those patients and 
patients for whom the laboratory requested the geno
typing (p = 0.417). We were able to include patients 
from at least 13 different (mental) healthcare institu
tions. Nevertheless, any bias because of missing data 
would probably result in an under estimation of the 
percentage of available CYP2D6 geno typing results 
in our study because the records for patients without 
a name of a GP and/or community pharmacy may 
be poorly filled and updated for CYP2D6 geno typing 

results as well. Still, exclusion of subjects reduced the 
power of our analysis and may affect the robustness of 
the findings. In addition, the low numbers of patients 
in specifically the PM and UM phenotype groups 
and the fact that none of the UM and EM patients 
had a registered genotyping result at their GP and/or 
community pharmacy, hampered our original plans 
for analyses. Nevertheless, in our altern ative analy
sis without correction for time since the geno typing, 
we showed significant differences in reporting the 
CYP2D6 phenotype. Furthermore, we found no dif
ferences between the dosages of psycho tropic CYP2D6 
substrate drugs for the various phenotypes (irrespect
ive of the regist ration of the genotyping results at the 
GP and/or pharmacy). Concomitant use of CYP2D6 
inhibiting drugs may be a partial explan ation for a lack 
of difference in dosing of psycho tropic CYP2D6 sub
strate drugs. In a posthoc analysis, after we excluded 
all nonPM patients who used psycho tropic CYP2D6 
substrate drugs and at least one strong nonparoxetine 
CYP2D6 inhibitor (according to the Dutch Health 
Base Foundation classification ≥ +++ [12]: bupropion, 
cinacalcet, fluoxetine, kinidine, mirabegron, ritonavir 
and terbinafine; n = 5) concomitantly, we still found 
no differences in psychotropic CYP2D6 substrate 
dosing between the phenotype groups (p ≥ 0.454) or 
a linear association (p = 0.479). We excluded parox
etine because this is both a CYP2D6 substrate and an 
inhib itor, and this is already taken into account in the 
pheno typebased dosing recommendations. Thera
peutic drug monitoring is another way to adjust the 
CYP2D6 substrate drug dose to the CYP2D6 meta
bolic capacity without the knowledge of the CYP2D6 
genotype or phenotype. In another posthoc analysis, 
after we excluded drugs for which regular therapeutic 
drug monitoring is advised (amitriptyline, clomip
ramine, imip ramine and nortriptyline), we again found 
no differences between the dosages of psycho tropic 
CYP2D6 substrate drugs for the various phenotypes 
(p > 0.888) or a linear association (p = 0.866). So we 
feel quite convinced that in this sample, no CYP2D6 
phenotypebased adjustment of pharmacotherapy has 

Table 2. Availability of pharmacogenetic test results at general practitioners’ practices and community pharmacies.

Test 
results still 
available?

General practitioner Community pharmacy General practitioner or 
community pharmacy, 
number (%) 

General practitioner and 
community pharmacy, 
number (%) 

Number (%) p-value† Number (%) p-value† 

EM 0/101 (0.0) 0.010* 0/95 (0.0) 0.001* 0/82 (0.0) 0/82 (0.0)

Non-EM 6/90 (6.7)  11/92 (12.0)  3/80 (3.8) 6/74 (7.5)

Total 6/191 (3.1%) 11/187 (5.9%) 3/162 (1.9%) 6/162 (3.7%)
†*Compared to non-EM; p < 0.05 is considered significant.
From Pearson χ2 or Fisher’s exact test – whichever was appropriate.
EM: Extensive metabolizer.
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been performed in regular clinical practice. Because of 
the above mentioned limit ation, we cannot adequately 
evaluate the influence of the correct or absent reg
istration of the genotyping result at the GP and/or 
pharmacist on dosing of psychotropic CYP2D6 sub
strate drugs, nor assess the extent to which specific 
recommend ations in the WINAp/KNMP guidelines 
in clinical practice have been followed.

Second, our study concerned prescribed dosages of 
psychotropic CYP2D6 substrate drugs and expect
ations about effects of nonadjusted doses following 
the WINAp/KNMP guidelines, while we were unable 
to collect data about more direct results of different 
CYP2D6 phenotypes: adverse effects or treatment 
failures.

Finally, we could not distinguish between reasons 
for the poor availability of genotyping results in the 
medical records at GPs and community pharmacies. 
One reason could be noncommunication of the test 
results by the physician who ordered the geno typing; 
another reason could be that the GP/pharmacist did 
not enter the communicated test results in the patient’s 
electronic medical records as a contra  indication that 
is taken into account by the medication surveillance 
system.

Registration of CYP2D6 genotyping results in 
perspective of previous literature
To the best of our knowledge, we are the first to 
invest igate the availability of CYP2D6 genotyping 
results in the medical records at the GP and the com
munity pharmacy, who are – at least in The Neth
erlands – the ultimate firstline, and often lifelong, 
healthcare providers for every patient. One previous 
study described the extent of registration and transla
tion of CYP2D6 and CYP2C19 genotyping results in 
daily clinical routine based on medical records within 
a psychiatric center [13]. In 53 out of 101 cases, their 
PM or/and UM status for CYP2D6 and/or CYP2C19 
was mentioned in the medical record; in 33% of the 
cases, the deviant genotyping result was mentioned in 
the discharge letter; and in 4% of the cases, it was 
noted in the observ ations space [13]. Compared with 
this study within a center, we found even worse avail
ability of genotyping results in the medical records of 
firstline healthcare providers. The lack of communi
cation regarding geno typing results prevents health
care providers to use the opportunities of personalized 
healthcare at a large scale and ignores a very favor
able number needed to genotype [4]. This should be 
improved in order to fully utilize the information 
from the genotyping procedure, to optimize person
alized medicine and to prevent duplicate tests (as we 
found for 19 patients).

Implications for clinical practice
In a recent metaanalysis of three prospective clini
cal trials, integrated pharmacogenetic testing guiding 
psychiatric treatment has been shown to increase the 
odds of a clinical response to antidepressant treatment 
2.3fold, with a number needed to treat of six for one 
clinical response compared with treatment as usual [14]. 
Although this suggests a large potential for CYP2D6 
genotyping for increasing treatment effect iveness by 
individualizing antidepressant treatment, we point to 
the fact that the transfer of such geno typing results to 
other relevant healthcare professionals can be improved 
substantially. Good communication and storage is a 
crucial precondition in order to costeffectively imple
ment CYP2D6 genotyping in daily clinical practice. 
This appears particularly important for (psychiatric) 
patients treated by different healthcare providers and 
in patients admitted to different institutions on a regu
lar basis. Psychiatric patients are vulnerable and at risk 
for the lack of communication between healthcare pro
viders, as found in this study. Furthermore, CYP2D6 
genotyping results can also be applied to somatic drugs 
like metoprolol and tramadol as prescribed by the GP. 
The lack of communi cation of the CYP2D6 genotyping 
result to the GP puts the patient at risk, unnecessarily, 
for adverse events for somatic drugs as well.

Several opportunities to improve communi cation 
of genotyping results exist. First, the best solution 
prob ably is a direct, digital communication of the test 
results from the laboratory to the electronic medical 
records of the GP and community pharmacy, in addi
tion to the report sent to the requestor. However, in 
The Netherlands, privacy legislation has so far ham
pered the implementation of such a direct communica
tion. Second, it is important to clarify and subsequently 
decrease barriers for communication of genotyping 
results to, and regist ration by, GPs and pharmacists. 
Third, improvement of knowledge about application 
of the results will reinforce the way this information is 
appreciated and used. Previous research indeed showed 
the necessity for more effective phys ician education on 
the clinical value, the importance of communi cating 
the genotyping results, the interpret ation and the appli
cation of the results with respect to drug choices and 
dosing strategies [15]. Fourth, the genotyping and result 
as well as the implications for dosing of pharmaco
therapy should be discussed with the patient [16]. 
Patients appear to be interested in the background and 
consequences of the genotyping, and want to receive 
the results [17–20], which may even improve medication 
adherence [21]. Still, about a third of patients may wish 
to withhold these results from their physicians because 
they feel that their doctors are too busy, not interested 
or incompetent [17]. To our opinion, informing patients 
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about their test results cannot, therefore, replace com
munication of patient information between health
care providers. In addition, a genetic passport could 
be handed out by every genetic laboratory that lists a 
person’s pharmaco genetic profile [22]. This passport 
might be useful to transfer the genotyping results to 
firstline healthcare providers and avoids privacy legis
lation problems. Also, it may contain machinereadable 
data for use in clinical decision support systems used by 
GPs and pharmacists [22].

Conclusion
In conclusion, we demonstrate that communication 
of genotyping results to other healthcare profession
als like GPs and pharmacies needs improvement, in 
order to utilize the clinical benefits of CYP2D6 (and 
other) genotypings. This will provide valuable infor
mation for individual izing pharmacotherapy and 
prevents the largescale loss of information about 
(psychiatric) patients.
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