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A B S T R A C T

Individuals carrying genetic variants that result in non-extensive CYP2D6 and CYP2C19 enzyme activity seem to
be more prone to non-response and side-effects of psychotropic medications. Therefore, tailoring prescriptions
using genetic information may improve patient outcomes. This study examined treatment outcome in psychiatric
care after CYP2D6 and CYP2C19 genetic information was provided to patients and physicians. CYP2D6 and
CYP2C19 genotyping, assessment of side effects and medical histories were obtained from 80 subjects who were
prescribed either antidepressant or antipsychotic medications. Our measure of outcome was mainly physicians’
opinions however UKU side effects scores were also used. For CYP2D6, we calculated an activity score based on
genotype and psychiatric medications. Correlation analysis was performed for CYP2D6 activity scores and UKU
scores. Overall, we received supportive responses from physicians who enrolled patients in our study. Notably,
while almost every fourth physician reported improvement in patient outcome, not a single physician indicated
that their patient's symptoms worsened after they had used a pharmacogenetic report to guide treatment. We did
not observe statistically significant differences in side effects. Overall, our results suggest improved patient
outcome following pharmacogenetic testing; nonetheless, more research is required to assess the exact benefit of
pharmacogenetics in clinical practice.

1. Introduction

With accumulating evidence to support the use of pharmacogenetic
testing for drug metabolizing enzymes, drug manufacturers and reg-
ulators have responded to an increasing demand for genetic informa-
tion. Currently, 24 psychotropic medications such as amitriptyline,
clozapine, and fluoxetine have been labelled by the FDA to include dose
recommendations based on polymorphisms in CYP450 enzymes (U.S.
Food and Drug Administration, 2015). These recommendations are
largely based upon CYP2D6 polymorphisms but also include CYP2C19
variants.

CYP2D6 and CYP2C19 belong to the CYP450 superfamily and are
among the most important enzymes in the metabolism of psychotropic
medication (Hicks et al., 2013). CYP2D6 is significantly involved in the
metabolism of most antidepressants and approximately 40% of

antipsychotics (Clinical Pharmacogenetics Implementation Consortium,
2015). CYP2C19 plays a key role in the metabolism of clozapine as well
as many antidepressants such as citalopram, amitriptyline, and sertra-
line (Pouget et al., 2014). Furthermore, a systematic literature review
examining CYP2D6, CYP2C19, CYP2C9, CYP1A2, CYP3A4, HTR2C,
HTR2A, and SLC6A4 found that the strongest gene-outcome associa-
tions for psychiatric pharmacotherapy were for CYP2D6 and CYP2C19
genes (Altar et al., 2013).

Polymorphisms in the genes coding for CYP2D6 and CYP2C19 result
in altered metabolism of most psychotropic medication and hence in-
crease odds for non-response or adverse drug reactions (ADR). Using
genetic information, a predicted clinical metabolizer status can be as-
signed to each enzyme. The most common classification assigns an in-
dividual to a normal metabolizer (NM), intermediate metabolizer (IM),
ultra-rapid metabolizer (UM), or a poor metabolizer (PM) phenotype
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(Hicks et al., 2013).
First practice guidelines recommending dose changes based on

CYP450 phenotypes have been published by experts and large expert
consortiums (Hicks et al., 2015; Stingl and Viviani, 2015, Hicks et al.,
2013). Such recommendations are based on reports suggesting for ex-
ample that CYP2D6 PMs taking haloperidol should have their dose
reduced by 50% or choose an alternative medication (Ravyn et al.,
2013) or that CYP2C19 UMs should avoid amitriptyline all together
(Spina and de Leon, 2015). In addition, certain side effects have been
associated with CYP450 phenotypes and certain medications; for ex-
ample, CYP2D6 PMs taking haloperidol are at an increased risk for
extrapyramidal symptoms and CYP2D6 PMs taking risperidone are at
increased risk for lengthening of QT interval and/or parkinsonism
(Ravyn et al., 2013). Spina and de Leon (2015) outlined the clinical
utility of CYP450 genotyping in psychiatry and stressed the importance
of psychiatrists having expertise in CYP2D6 and CYP2C19 genotyping,
especially for clinicians prescribing tricyclic antidepressants (TCAs).
Our own previous data indicated a positive opinion of psychiatrists on
pharmacogenetics testing and a high level of satisfaction with phar-
macogenetic test reports (Walden et al., 2015).

Notably, only few studies examined patient outcome in psychiatric
practice after physicians and patients have been given information on
patients’ CYP2D6 and CYP2C19 genotypes (Hoop et al., 2010). There-
fore, we conducted a study assessing the implementation of pharma-
cogenetic testing in clinical practice, determining the clinical utility of
pharmacogenetic testing by following patients before and after their
physician received the genetic report, and evaluating physicians’ and
patients’ opinions of pharmacogenetic testing.

2. Methods

All subjects were participants of a pharmacogenetic study project at
the Centre for Addiction and Mental Health, Toronto (Canada). Patients
were enrolled in the study by referral from their treating physician and
followed up prospectively over three months at baseline, week 6 and
week 12 (for details, see also Walden et al., 2015; Muller et al., 2013).
Although drug-naïve patients were also included, patients were mostly
chronically ill and had already been taking psychiatric medication but
were frequently described as treatment resistant, and therefore might
also tend to not respond well to other medications. DNA was extracted
and for the first 45 patients six alleles (*3, *4, *5, *10, *17, *41) and
copy number variation in the CYP2D6 gene were determined while
three alleles were determined in CYP2C19 (*2, *3 and *17) using
TaqMan® assays (Kalman et al., 2016). For the remaining portion of
patients (n=35), genotyping was expanded to assess nine alleles and
copy number variants in CYP2D6 (*2, *3, *4, *5, *6, *10, *17, *29, *41;
gene copy number). Data regarding patients’ past and present medi-
cations, medical history, current medical condition, and family ancestry
were also collected. After genetic analysis, the patients’ physicians were
provided with a concise, two-page report that places commonly pre-
scribed psychiatric medication (18 antidepressants and 10 anti-
psychotics) into one of three color coded bins: red, yellow, and green.
Medications in the red bin would indicate that one of the drugs is pri-
marily metabolized by either CYP2D6 or CYP2C19 and should be
avoided due to the patient´s genotype, medications in the green bin can
be taken in standard dosages, and medications in the yellow bin should
be taken with more caution and frequent monitoring. A sample report
can be found at in the Supplementary materials.

In contrast to most other studies, we were able to ask most treating
physicians about their patient's outcome following pharmacogenetic
testing, which represents a unique asset of our study. Physician as-
sessment was the key outcome variable. Physicians’ opinions regarding
their patients’ clinical status once they were given genetic information
for CYP2D6 and CYP2C19 was assessed using the Pharmacogenetics in
Psychiatry Follow-Up Questionnaire (PIP-FQ) (Walden et al., 2015). In
the survey, physicians were asked about satisfaction with the

pharmacogenetic report, improvement in their patient's clinical status,
and the future of pharmacogenetics in psychiatry; some of these results
are detailed in Walden et al., 2015. The PIP-FQ was sent to physicians
via fax or email 6–8 weeks after they had received the pharmacogenetic
report. This allowed physicians adequate time to determine if changes
in medication were appropriate.

As our secondary outcome measure, at study entry, all patients were
assessed for side effects using a modified UKU side effects scale
(Lingjaerde et al., 1987). The rationale being that non-normal meta-
bolizers might develop more side effects than normal metabolizers.
Furthermore, we decided to use side effects as a secondary measure of
outcome because if patients have fewer side effects, adherence to
treatment will be improved. The modified UKU scale included sections
1.2, 1.3, 1.7, 1.8, 3.2, 3.4, 3.5, 3.6, 3.8, 3.9, and 3.10 from the full UKU
scale. The minimum score for our scale was 0 and the highest score was
33. A copy of the modified UKU scale is included in the Supplementary
information. Statistical analysis was performed using SPSS (IBM Corp.
Released 2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk,
NY: IBM Corp.).

In addition, we assigned a CYP2D6 activity score based on genotype
as proposed by Gaedigk et al. (2008). Each allele was given a value
between 0 and 2 based on its activity level and the sum of the two
alleles equaled the patients’ CYP2D6 activity score. Next, we made
adjustments to the activity score based on CYP2D6 inhibition from
psychiatric medication. To do this, we established which medications
were inhibitors of CYP2D6 (Black et al., 2007) and then used several
publications (Borges et al., 2010; Cronin-Fenton and Lash, 2011; Shin
et al., 2001; Skinner et al., 2003) to assess the degree of inhibition.
Using the inhibition factor model proposed in Borges et al., we multi-
plied the CYP2D6 activity score by 0.5 for weak inhibition and 0 for
strong inhibition. The activity score multiplied by the inhibitory factor
provided us with the overall activity score. Individuals taking no
CYP2D6 inhibitory medication kept the activity score based solely on
their alleles. Since there are no comparable guidelines for CYP2C19, no
similar methodology was applied for CYP2C19 analysis.

Given that our data were not normally distributed, nonparametric
tests were used to assess differences between metabolizer groups.
Kruskal-Wallis tests were applied to determine any difference in
number of previous treatments between NMs and non-NMs. Kruskal-
Wallis tests were also used to compare UKU side effect scores between
NMs and non-NMs. Correlation analysis was performed using
Spearman's correlation.

3. Results

Our sample consisted of 80 patients with a mean age of 43 (8̄ 13)
years who had been diagnosed with schizophrenia or schizoaffective
disorder (n=43), depression or anxiety (n=32), or other psychiatric
disorders (n=5). Demographic data is presented in Table 1. Partici-
pants were treated with a variety of medications and, in most cases,
patients took more than one psychiatric drug. Medication data is also
presented in Table 1. For both CYP2D6 and CYP2C19, a predicted
metabolic status was determined for each patient; these results can be
found in Table 1. The majority of our sample had NM status for both
CYP2D6 (n=66, 82%) and CYP2C19 (n=54, 67.5%). Overall activity
scores for CYP2D6 are presented in Table 2.

As for our main outcome variable, data from PIP-FQ indicated that
physicians reported their patients either improved or did not change
after treatment changes based on their CYP2D6 and CYP2C19 genotype.
Of the physicians who completed our survey and had assessed their
patients prior to receiving the questionnaire, 23% (n=14) of doctors
reported that their patient had an improved outcome following phar-
macogenetic testing. 41% (n=25) of physicians reported no change in
patient outcome. Importantly, there was not a single physician who
indicated that their patient had a worse outcome following pharma-
cogenetic testing. These results are presented in Fig. 1.
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As for our secondary analyses, we used a single measure of UKU side
effects scores. Our modified UKU scale was completed by 77 partici-
pants and had a median score of 4.0 (range: 0–16). Our total sample
consisted of 80 patients however 3 patients did not complete the
modified UKU scale. The results from UKU side effect assessments are
presented in Table 2. There was no statistically significant difference
between UKU scores between NMs, IMs, UMs, and PMs for both
CYP2D6 and CYP2C19.

We then compared the number of previous treatments between
patients with NM status and patients with non-NM status for both
CYP2D6 and CYP2C19. No statistically significant difference in number
of previous treatments was found between CYP2D6 metabolic groups.
For CYP2C19, we found a nominally significant result; patients with
NM status had on average tried 3.45 different medications compared to
2.46 medications for individuals with non-NM status (p=0.041).
However, when we removed the 4 outliers with greater than 8 previous
treatments, the difference was not significant (p=0.122).
Furthermore, the initial result did not withstand correction for multiple
testing.

Correlation analysis between CYP2D6 overall activity score, total
UKU score, psychic UKU score, and autonomic UKU score was com-
pleted using Spearman's rho for all patients taking a drug metabolized
primarily or secondarily by CYP2D6. Analysis was carried out for the
entire sample and only in participants with Caucasian ethnicity. No
statistically significant correlation was observed. The results of the
Spearman's correlation matrix for the entire sample and only the par-
ticipants of European ancestry are presented in Table 3.

Because no comparable CYP2C19 activity score is available, differ-
ences in UKU side effect scores were assessed comparing NMs and Non-
NMs. Kruskal-Wallis tests were used to calculate p-values and the
analysis was completed for participants taking a drug metabolized
primarily or secondarily by CYP2C19 and repeated for patients of all
ethnicities and only individuals of Caucasian ethnicity. For the purpose
of comparison, this process was repeated for CYP2D6. There were no
statistically significant results (all p > 0.050).

4. Discussion

The aim of this study was to assess patient outcome after both pa-
tient and physician had been provided patient genotype for CYP2D6
and CYP2C19. This was primarily measured in terms of clinical jud-
gement by physician. Notably, almost every fourth physicians reported
to believe their patient improved after treatment recommendations
were taken into consideration. More specifically, of the 39 patients that
were prospectively assessed by their physician, 14 patients were found
to have benefited from pharmacogenetic testing and not a single patient
had a worse outcome after treatment changes based on the pharma-
cogenetics test. This is consistent with the results of our first study re-
port which showed that 80% of participating physicians believed that
pharmacogenetic testing would become common standard in psychia-
tric drug treatment (Walden et al., 2015).

In terms of our secondary measure, we did not find any statistically
significant differences between CYP2D6 and CYP2C19 metabolic status
and UKU scores. We observed one nominally significant trend in the
number of previous treatments and CYP2C19 metabolizer status.
However, when corrected for multiple testing and outliers, this result
was non-significant. It is important to note that this secondary analysis
only included a single measure of UKU side effects. For this reason, the
results should be interpreted with caution.

Pharmacogenetics is a rapidly growing field and healthcare provi-
ders need to know its use it has in clinical practice. Several articles have
shown that pharmacogenetic testing may reduce healthcare costs in a
clinical setting, which is appealing from an economic perspective (Berm
et al., 2016; Plothner et al., 2016). One study found that individuals
taking a psychiatric drug not recommended based on their genetic in-
formation (i.e. CYP2D6, CYP2C19, CYP2C9, CYP1A2, serotonin

Table 1
Demographics and medication.

Characteristic responses # (%) of
participants

Sex Male 45 (56.3)
Female 35 (43.8)

Ethnicity European Caucasian 55 (68.8)
African 3 (3.8)
Asian 3 (3.8)
Others 10 (12.5)
Mixed 9 (11.3)

Diagnosis Schizophrenia/Schizoaffective 43 (53.8)
Anxiety/Depression 32 (40.0)
Other Mood Disorders 5 6.3)

Medication Antipsychotics 38 (47.5)
Antidepressants 19 (23.8)
Anxiolytics 6 (7.5)
Antipsychotics and Antidepressants 9 (11.3)
Antipsychotics, Antidepressants, and
Anxiolytics

5 (6.3)

No Medication 3 (3.8)
CYP2D6 EM 66 (82.5)

IM 10 (12.5)
UM 2 (2.5)
PM 2 (2.5)

CYP2C19 EM 58 (72.5)
IM 17 (21.3)
UM 2 (2.5)
PM 3 (3.8)

Table 2
CYP2D6 activity score and UKU side effects scores from modified UKU Scale.

Activity Score
(no inhibitor)

# of Participants (%) Overall Activity
Score

# of Participants
(%)

0 2 (2.5) 0 13 (16.3)
0.50 8 (10) 0.50 15 (18.8)
1 23 (29) 0.75 1 (1.3)
1.5 11 (14) 1.0 18 (22.5)
2 34 (43) 1.5 9 (11.3)
Missing 2 (2.5) 2.0 20 (25.0)

2.5 1 (1.3)
Missing 3 (3.8)
UKU Side Effects

Median Minimum Maximum
Total UKU Score (n=77) 4.0 0 16
Psychic UKU Score

(n=77)
2.0 0 8

Autonomic UKU Score
(n=77)

2.0 0 10

Note. The modified UKU scale ranges from 0 to 33 in total, 0–12 for psychic side
effects, and 0–21 for autonomic side effects.
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Fig. 1. Results of the question "If you were given treatment recommendations,
and have taken these into consideration, would you say that compared to
baseline, your patient has benefited from the treatment changes?"
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transporter gene (SLC6A4), or serotonin 2 A receptor gene (5HTR2A))
had 69% more total health care visits, 67% more general medical visits,
over three times as many medical absence days, and more than four
times as many disability claims in comparison to individuals taking
drugs recommended based on their genotypes (Winner et al., 2013).

Regarding association of CYP2D6 non-NM status and side effects,
several studies have indicated a significant role of CYP2D6 activity
(Hicks et al., 2013, Brandl et al., 2014). For example, in a retrospective
matched case-control study examining side effects in patients diagnosed
with schizophrenia, extrapyramidal side effects were significantly more
common in PMs compared to NMs or IMs (Kobylecki et al., 2009). In
addition, Shams et al. (2006) studied 100 patients with depression
taking venlafaxine and found that PMs were at an increased risk for side
effects. In their sample, they found PMs were particularly more at risk
for gastrointestinal side effects.

In contrast, Hodgson et al. examined 868 patients diagnosed with
depression taking either escitalopram or nortriptyline and found that
CYP450 genotyping did not predict the total number of ADRs or any
specific ADR (Hodgson et al., 2014). In the STAR*D study, subjects
taking citalopram found that CYP2D6 and CYP2C19 metabolizer status
was not associated with drug response or side effects (Peters et al.,
2008). In summary, additional studies are required using large and well
characterized samples to understand the effects of CYP2D6 variation
and occurrence of side effects on a larger scale.

Nonetheless, based on comprehensive literature reviews followed by
expert consensus practice, first dose recommendations based on
CYP450 phenotypes are being used in clinical practice particularly for
antidepressants (Hicks et al., 2016, 2015; Spina and de Leon, 2015;
Hicks et al., 2013; Ravyn et al. (2013). Furthermore, specific side effects
have been associated with CYP2D6 and CYP2C19 phenotype-drug
combinations (Ravyn et al., 2013; Spina and de Leon, 2015). The FDA
has acknowledged these recommendations and there is a growing
number psychiatric drugs being relabelled to include dose re-
commendations based on CYP450 genotyping.

Our study has several important limitations. Firstly, UKU assess-
ments only included a single measurement and therefore this section of
our analysis has limited statistical power. Also, the modified UKU scale
we used to assess patients’ side effects included only 11 of the 48
questions in the complete UKU assessment, although we felt these 11
questions assessed the most common side effects. Because of these
factors, the UKU data should be interpreted with caution. In addition,
our sample was composed of patients with various diagnoses and all
participants were taking different medications. Consequently, UKU
scores may vary significantly between participants due to the presence
or severity of side effects associated with certain medications or dis-
eases. In the analysis, we did not take into account drug interactions or
CYP450 inhibition from non-psychiatric medication that could poten-
tially alter metabolic status. Our sample size was modest (n=80) and
contained only two CYP2D6 PMs and three CYP2C19 PMs resulting in
low statistical power. As a result, it is likely that the reason we did not
see differences in UKU scores between different metabolizer groups is
lack of statistical power. Larger samples are needed to fully assess the
influence of CYP2D6 and CYP2C19 on UKU scores in future studies.
Furthermore, our sample was composed of a heterogeneous population
of treatment resistant patients, drug-naive patients, and patients with a

variety of diagnoses including schizophrenia, bipolar disorder, and/or
depression. Therefore, this high level of heterogeneity may have in-
fluenced our results as we did not account for these variables.
Additionally, medication data collected did not include compliance or
dosage and the medication selected after the report was provided was
not assessed. In some cases, physicians might have chosen medications
which were not recommended as part of the ‘green bin’. Also, we only
genotyped CYP2D6 and CYP2C19. Thus, analysis was made difficult for
the patients taking medications that were metabolized in pathways that
involved additional enzymes.

Another major limitation of our study is the fact that for the vast
majority of patients (n=61), follow-up data were not available. In
Fig. 1, it is important to note that most patients did not change
(n=25), were not assessed (n=21), or no answer was provided
(n=20). For the group of patients who did not change, this may reflect
their treatment resistant nature or may be explained by other con-
founding variables such as medication non-adherence. The groups that
“were not assessed” and had “no answer” study may be explained by
the fact that many physicians did not return their questionnaires and an
equally large group were lost to follow up or refused to be re-contacted.
“Not assessed” and “no answer” can be distinguished by the fact that
some physicians did not have a follow up appointment with their pa-
tients by the time they received our survey and therefore were unable to
assess their patient. And for the no answer group, these physicians
neglected to answer the question.

Further limitations are that physicians might have been biased in
their perception based on positive expectation using genetics. However,
this patient population was referred to us because they failed on pre-
vious treatments and were frequently described as treatment resistant.
Therefore, it is remarkable that improvement was observed in this
population following delivery of genetic information. It remains unclear
at this point of time, at which stage of treatment pharmacogenetic
testing might be most beneficial for patients and for this reason, many
large pharmacogenetic studies such as The IMACT Study recruit pa-
tients at various stages of their treatment to determine to whom phar-
macogenetic testing may benefit the most.

Similarly, a viable explanation for why physicians noted patient
improvements could be attributed to the patients feeling more com-
fortable with their medication and report subjective improvement
comparable to a ‘placebo’ effect. On the other hand, it is also possible
that patients who are informed they have an abnormal metabolizer
status may perceive themselves to have a worse outcome because they
metabolize medication abnormally. Lineweaver et al. (2014) found that
informing older adults that they carry the APOE genotype associated
with a higher risk of developing Alzheimer's disease had an adverse
effect on their perception of their memory abilities and it is possible for
patients receiving unfavorable CYP450 genotyping results could influ-
ence their expectations and subsequently affect symptom improvement.
Such potential ‘placebo/nocebo’ effects were not assessed in our study
and should be addressed in future studies. Nonetheless, it remains re-
markable that none of the patients were reported as having deterio-
rated, suggesting clinical benefits of the genetic evaluation. In sum-
mary, while such effects could have influenced the results, future
randomized clinical trials are needed which will include a ‘treatment as
usual’ arm for comparison.

Table 3
Correlation Matrix for CYP2D6 Activity Score and UKU Scores.

All ethnicities UKU Total Score (n=61) UKU Psychic Score (n=;61) UKU Autonomic Score (n=61)

CYP2D6 Overall Activity Score (n=61) Correlation Coefficient 0.019 − 0.065 0.138
p-value .885 0.618 0.287

Only Caucasians UKU Total Score (n=38) UKU Psychic Score (n=38) UKU Autonomic Score (n=38)
CYP2D6 Overall Activity Score (n=38) Correlation Coefficient − 0.073 − 0.187 0.110

p-value .663 0.260 0.510

Note. Correlation coefficients calculated using Spearman's correlation.
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5. Conclusion

The positive feedback from physicians indicates a beneficial effect
of genetic testing in psychiatry. While pharmacogenetics remains a
promising field, large-scale studies are required to compare guided and
unguided trials to evaluate superiority of guided treatment and to assess
the clinical utility in terms of time to remission, health care costs and
patient satisfaction.
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