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Pharmacogenetics is used in psychiatry to predict the effects and side effects of psychotropic drugs. As most mental
disorders have complex causes and unpredictable outcomes, personalized treatment using pharmacogenomics would
be a useful method. However, pharmacogenetic studies in psychiatry have yielded insignificant results thus far, making their clinical application extremely limited. Early testing, prediction of drug side effects, and drug compliance will
be discussed as considerations for the effectiveness of the pharmacogenetic test in psychiatry. Although pharmacogenetic tests in psychiatry do not yet have high sensitivity and specificity, they may be useful in the future for predicting clinical prognosis or developing novel drug treatments. As a result, the authors summarized the current state and
prospects of pharmacogenetics in psychiatry in this review.
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INTRODUCTION
The reason for using pharmacogenetics in psychopharmacological research and treatment is to predict the
effects or side effects of drugs. Since most mental disorders have complicated causes and an uncertain course,
personalized treatment using pharmacogenomics would
be an useful method. In fact, recently, genetic information of a patient can be obtained at a relatively low cost
by extracting DNA easily from a patient’s blood or
saliva. In addition, by using pharmacogenetics, it has
become possible to predict the molecular mechanism of
drugs that were not well known up to these days. However, results of pharmacogenetic research in psychiatry
wasn’t clear, and the clinical application of pharmacogenetics in psychiatry is extremely limited. Therefore, we
would like to review a brief overview of the current state of
pharmacogenetics research in psychiatry, explain the possibility of commercialization of pharmacogenetics for the
development of testing tools, and examine methodologies.

CURRENT STATE OF
PHARMACOGENETICS RESEARCH ON
PSYCHOTROPIC DRUG RESPONSES
Pharmacogenetics studies have been conducted with
several types of psychotropic drugs and mainly focus
on interindividual variance in drug effect. And most
pharmacogenetics research is conducted using candidate
genes based on the receptor pharmacology of psychotropic drugs [1-4]. This approach was also applied to
the study of the DRD2 gene expressing the dopamine
D2 receptor, which prescribed almost all antipsychotic
drugs currently clinically work [5]. According to a recent meta-analysis study, it was found that a functional
polymorphism of the promoter region that regulates
the expression level of DRD2 , a dopamine D2 receptor
gene, affects the effect of antipsychotic drugs [6]. Similarly, polymorphism in the promoter region of a gene
expressing a serotonin transporter is known to be associated with the therapeutic effect of selective serotonin
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reuptake inhibitor [7]. Also, in these two studies, the
treatment response was reduced by 30% to 50% in the
case of having the modified gene compared to the case
of having the modified gene. Although the difference in
treatment response according to these genetic modifications may be statistically significant, the sensitivity or
specificity is not clinically significant. And for genes
associated with insufficient drug treatment response, it
has not been revealed what kind of treatment should be
given. Also, The fact that most psychotropic drugs have
similar mechanisms of action also makes it difficult to
apply pharmacogenetics in clinical practice. Pharmacokinetic genetic studies on the therapeutic response
of psychotropic drugs may be conducted by revealing
polymorphisms in genes that affect drug metabolism.
For example, there is more than 100 genetic diversity
in genes expressing the P450 2D6 enzyme involved in
the metabolism of several psychotropic drugs, many of
which cause the P450 2D6 enzyme to stop or reduce its
function [8]. Four types of phenotype are created by the
combination of genetic diversity of CYP2D6: poor metabolizer, intermediate metabolizer, extensive metabolizer, and ultrarapid metabolizer. The extensive metabolizer generally has normal CYP2D6 enzyme activity, the
intermediate metabolizer means the state in which the
CYP2D6 enzyme activity is reduced, and the poor metabolizer means that the activity of the CYP2D6 enzyme
is reduced to the minimum. In the case of the ultrarapid
metabolizer, the genetic value of CYP2D6 enzyme is
duplicated or expressed in multiple, it increases the enzyme activity. Approximately 7% to 10% of Caucasians
and 1% to 2% of Asians are the poor metabolizer, and in
this case, the drug may accumulate in the blood, a lower
dose can be taken to achieve an effective therapeutic
effect, theoretically [9]. Conversely, in the ultrarapid
metabolizer, the drug is eliminated from the body very
quickly, so a high dose of the drug is required, and about
1% of the total population is said to be in this case. Despite the significant effect of CYP2D6 gene diversity on
enzyme function, pharmacogenetics studies on CYP450
enzyme are few, and rather pharmacokinetic studies of
CYP450 enzyme have been mainly conducted. This is
believed to be due to the lack of evidence regarding the
association between blood drug levels and the therapeutic effect of psychotropic drugs. According to the previous studies, the tricyclic antidepressant Nortryptiline
has a therapeutic dose range of 50 to 150 ng/mL, and
the antipsychotic drug Clozapine is known to have a
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therapeutic response at a blood concentration of 200 ng/
mL or more. However, these findings are not repeated
in other studies, and studies in other psychotropic drugs
are lacking. Given that the relationship between serum
drug level and treatment response is not clear, CYP450
genotypic diversity could be more useful in predicting
side effects than drug effect [10]. A genome-wide association study (GWAS) can also be used for pharmacogenetic studies in psychiatry. However, it is difficult to use
GWAS in pharmacogenetics study because it requires a
large number of samples to overcome the statistical error that occurs when analyzing hundreds of thousands of
single nucleotide polymorphism (SNP) [11]. Therefore,
despite the difficulties, thousands to tens of thousands
of samples are needed for disease susceptibility studies and pharmacogenetic testing. Pharmacogenetic data
are additionally obtained through several clinical studies. In particular, pharmacogenetic data are often obtained from studies with various drug treatment groups,
samples with diverse ethnicities and symptoms, and
diseases with high dropout rates that are not designed
for pharmacogenetic purposes. However, there are also
studies such as the genome-based therapeutic drug for
depression project (GENDEP) that has been conducted
for a pharmacogenetic goal. In the GENDEP study,
all subjects were of a single race. And only two drugs,
escitalopram and nortriptyline, were studied, selected
for exploring the antidepressant effect of serotonin and
noradrenaline, respectively. In addition, the number
of subjects in the study was 811, which was relatively
larger than other studies. However, in the GENDEP
study, neither significant GWAS analysis result nor
clinical predictors were found for the treatment response
of antidepressants [12]. Also, in the GWAS study on the
treatment response of lithium in Systematic Treatment
Enhancement Program for Bipolar Disorders (STEP-BD)
and the GWAS study on the response of antipsychotic
drugs in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE), the predictors were not
found [13]. These studies also had several limitations:
the definition of symptoms was inaccurate, subjects
were mostly chronified patients, and they had poor drug
adherence.
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PHARMACOGENETIC TESTING
IN PSYCHIATRY
In psychiatry, it has been difficult to apply pharmacogenetic tests in clinical settings because of the lack of
significant findings from pharmacogenetic studies. In
particular, pharmacogenetic testing for mental disorder
must have a high level of sensitivity and specificity to
obtain approval from the U.S. Food and Drug Administration (FDA), but have not yet reached that level. However, pharmacogenetic test that do not have high sensitivity and specificity are used for commercial purposes.
In the United States, the Clinical Laboratory Improvements Amendments (CLIA) of 1988 certification is applied to pharmacogenetic tests used in clinical practice.
CLIA certification does not review the data for the clinical usefulness, but only focuses on the quality management of the test process. Most of the pharmacogenetic
tests provided by various companies and laboratories
have been CLIA certified, but have not approved for the
FDA. Therefore, although pharmacogenetic tests provided by the laboratories are biologically accurate, it is difficult to accurately predict the clinical phenotype [8]. As
a result, although these tests can be used by clinicians
or consumers in need, they are not suitable for research
purposes. Research methods developed in the laboratory are not conducted post-marketing surveillance by
institutions, so it is difficult to find the efficacy for longterm use, and consequently, they are not appropriate
for clinical use [14]. Companies can request approval of
the test methods to FDA for commercial purposes, not
for clinical use. Pharmacogenetic testing methods can
be submitted for getting a 510(k) clearance provided by
the FDA for moderate-risk testing methods. However,
in some cases, pharmacogenetics testing methods may
need to be changed to obtain an existing moderate-risk
510(k) clearance [14]. Currently, AmpliChip Ⓡ CYP450
test (Roche Molecular Systems, Basel, Switzerland)
developed by Roche Diagnostcis based on microarray
analysis is approved by the FDA as a pharmacogenetic
test for mental disorders. AmpliCHip R CYP450 test can
analyze 27 alleles of CYP2D6 and 3 alleles of CYP2C19.
It was developed based on genetic research that the drug
metabolism is different depending on the CYP450 genotype, and it can affect the therapeutic effect and safety
of the drug [15]. Some commercial pharmacogenetic
tests emphasize that the clinical response of psychotropic drugs such as antipsychotics or antidepressants,
www.moodandemotion.org

which are mainly metabolized to CYP2D6 or CYP2D19,
may vary depending on the genotype of CYP2D6 or
CYP2D19, and accordingly, the treatment response and
the drug side effects can be predicted. However, it is
not yet demonstrated which specific genotype affects
specific drug. Pharmacogenetics tests have not yet been
used in clinical settings due to low reliability of test
results and lack of retrospective research. In addition,
it is difficult to use in clinical practice because the cost
of the test is expensive compared to its effectiveness.
And recently, with the advance of gene analysis technology, several companies are developing gene analysis
platforms suitable for pharmacogenetics testing, mainly
focusing on gene analysis related to drug absorption,
distribution, metabolism, and enzymes. For example,
VeraCode ADME Core Panel (llumina, Inc., San Diego,
CA, USA) can analyze 34 genes, of which 1/3 are genes
of cytochrome P450 enzyme [16]. Other companies have
also developed genotyping platforms for CYP450, but
they are seldom used in clinical practice yet. The reason
is the high cost and the long time to obtain the results of
the test. Several companies have developed pharmacogenetic testing tools that predict the therapeutic effect
of antipsychotic drugs and antidepressants that have not
been approved by the FDA, but they are not used well in
clinical fields due to its lack of effectiveness.

WAYS TO INCREASE
THE EFFECTIVENESS OF
PHARMACOGENETIC TEST FOR
PSYCHOTROPIC DRUGS
1. The importance of early testing
Pharmacogenetics data for psychiatric disorders are
mostly obtained through ongoing clinical studies. However, most of the patients participating in the clinical
study are already in a chronic state, whereas patients
who have responded well to previous drug do not need
to change their treatment method. Therefore, research
conducted on chronic state subjects include subjects with
insufficient treatment responses or with low drug adherence, making it difficult to predict treatment responses
by causing structural bias in the research results [17].
According to the results of studies conducted for the
therapeutic effect of antipsychotic drugs, the remission
rate appears differently depending on the course of the
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disease. The remission rate was higher in the study with
subjects in the early stages of the disease than in the
study without distinguishing the course of the disease.
In addition, in the case of chronic state, the duration of
psychotic symptoms becomes prolonged, drug abuse
occurs, or social function deteriorates. These can affect
drug response and, in turn, affect data analysis [18]. For
these reasons, in order to increase the power of pharmacogenetic research in psychiatry, research should be
conducted on subjects with early stage or first episode.

2. Prediction of drug side effects
In pharmacogenetics research, it is not an appropriate method to use a clinical rating scale for estimating
the symptom change and the therapeutic effect. This
is because, even with standardized evaluation tools,
results may vary depending on the subjective report of
the patient, the sensitivity of the rater, and the size of
the sample. This effect also appears in pharmacogenetic
studies with two or more groups. Therefore, in order to
overcome these limitations, it is necessary to involve
a large number of subjects in pharmacogenetic studies
rather than evaluating various clinical phenotypes [19].
In pharmacogenetics research, not only the therapeutic
effect but also the side effects that can occur in treatment
are important research objective. In other medical fields,
drug side effects were successfully predicted by using
pharmacogenetics. It has been found that people with
human leukocyte antigen (HLA) alleles are more likely
to develop liver damage from taking fluvoxacilllin, the
antibiotics, and also, patients carrying the HLA-B*5701
allele develop hypersensitivity to abacavir, the antiviral
drug [20,21]. The HLA allele is also known to be associated with Stevens–Johnson syndrome, which is caused
by lamotrigine [22]. Despite these studies, pharmacogenetic studies are rarely used to predict the side effects of
psychotropic drugs. According to a recent study result,
it was reported that the occurrence of agranulocytosis
induced by clozapine is related to the HLA-DQB1 gene,
but it could not be applied in clinical practice because
of its low sensitivity [23]. Another study reported that
weight gain caused by antipsychotic drugs and a genetic polymorphism of –759 C/T, a promoter region of
the serotonin 2C receptor, may be related. It has also
been reported that –141C Ins/Del , a promoter region of
dopamine 2 receptor, is associated with antipsychoticinduced weight gain [24,25].
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3. Prediction of medication adherence
It is well known that patients with mental disorder
have poor adherence to treatment. More than half of patients with major depressive disorder, bipolar disorder,
and schizophrenia are reported to be non-adherent to
treatment [26]. In particular, according to the CATIE
study, 74% of patients stopped taking the drug within
18 months [27]. Traditional compliance assessment has
been conducted by patient reports, family reports, investigating of the number of drugs and drug blood levels.
Non-compliance with medication may cause worsening
or recurrence of symptoms, moreover, may also conceal
the adverse effects in clinical studies. Poor drug adherence may also affect pharmacogenetic study, as it makes
difficult to understand the association between the
phenotype of clinical symptoms and genes. No matter
how strongly a specific gene is related to the symptom,
it cannot be said to be related unless the clinical symptom phenotype is changed by the effect of drug. This
issue can have a significant impact on study of gene
association with antipsychotics induced weight gain. In
other words, in case of patients who do not gain weight
due to poor medication adherence, a bias may occur in
which the association of genes related to weight gain get
weakened. Recently, a statistical analysis method using
a machine learning algorithm is applied to reduce this
bias. For instance, a study using Monte–Carlo simulation to predict the occurrence of drug side effects related
to genes has also been published [8]. In the future, in
order to predicting drug side effects using pharmacogenetics, a sensor may be attached to the medicine to ensure medication adherence. Infact, the FDA recently has
approved an antipsychotic drug with a sensor for that
purpose. Therefore, the introduction of new technologies in pharmacogenetics research can be expected as a
breakthrough that can solve the research difficulties.

CHARACTERISTICS OF
PHARMACOGENETICS RESEARCH
IN PSYCHIATRY
Pharmacogenetic test can be usefully used in psychiatry to monitor drug adherence in patients with first episode. However, the application of pharmacogenetic test
to psychiatry is controversial because of the small effect
size of the test results and low economic efficiency. For
www.moodandemotion.org
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example, using GWAS for diagnosing psychiatric disorder, the effect size of the allele is verified very small,
the odds ratio is less than 1.2 in schizophrenia, bipolar
disorder, and depressive disorder which have less than
1% of SNPs [28]. Such a small effect size in GWAS is a
common phenomenon not only in diabetes and cardiovascular disease, but also in height and weight. Therefore, in order to predict disease susceptibility and distribution in the general population using GWAS, a much
larger number of subjects is needed than in current clinical studies. In addition, the therapeutic effect of the drug
may vary depending on the diagnosis or the patient’s
personal history or clinical characteristics, and furthermore, same drugs could be used for different diagnoses.
Therefore, it is more difficult to predict the therapeutic
effect of drugs in psychiatry using pharmacogenetic test.
For instance, results of pharmacogenetic tests for drug
induced weight gain in schizophrenia and bipolar disorder are not different, but clinically they are undoubtedly different diseases. Due to this dilemma, even if
the results of clinical research are very significant, it is
difficult to use the results to pharmacogenetics research.
In conclusion, for pharmacogenetic test to be clinically
useful, there must be result of large-scale head-to-head
study that can help determining drug selection and dosage based on genetic testing [29]. And it should be possible to select a drug and predict the therapeutic response
of the drug using the genetic marker found form study,
CYP2D6 would be a good example. If it turns out that a
patient with schizophrenia is a poor metabolizer, the clinician may be better to choose quetiapine or ziprasidone
rather than risperidone or aripiprazole, which are mainly
metabolized to CYP2D6. However, the results of retrospective studies on genetic marker based drug treatment
are not yet known. Selection of antipsychotic drugs according to the dopamine receptor genotype can also be
considered. The Del allele of −141C Ins/Del , a type 2 dopamine receptor gene, is associated with poor treatment
response to antipsychotics and drug induced weight gain
[25]. However, since almost all antipsychotics block the
type 2 dopamine receptor, it is difficult for clinicians
to choose other drugs, even if a patient has the Del allele. Therefore, in the future, it is necessary to develop a
new drug that does not antagonize the type 2 dopamine
receptor, and research should also be conducted for poor
drug response patients due to the gene mutation of the
type 2 dopamine receptor.
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THE FUTURE OF PHARMACOGENETICS
IN PSYCHOPHARMACOLOGY
Compared to other medical fields, there are not many
prospective pharmacogenetic studies on psychotropic
drugs. In patients with severe alcohol abuse, the serotonin transporter gene, SLC6A4 , had a better therapeutic
response to ondansetron in the case of the L/L genotype
than L/S or S/S [30]. Although this study is characterized as a prospective study examining the therapeutic
response of drugs accompanied by the genotypes, the
most ideal pharmacogenetics test is to match a specific
genotype with a specific drug to reveal their interaction [31]. However, in order to conduct such study, as
there are many genotypes, there would be many types
of drugs for study, and also, the research cost would be
very large. Therefore, in reality, it is very difficult to do
such study. Therefore, the ideal pharmacogenetic study
in psychopharmacology is to examine the relationship
of therapeutic effects between candidate genes and
substitution methods for treatment. For example, when
a certain drug is effective in a patient with a specific
genotype, it should not be effective in the absence of
that genotype. And the patient’s genotype should be determined during the first episode of the disease, with the
least exposure to the drug. The patient’s genotype should
be determined within 48 hours of taking the drug [31].
The primary goal of pharmacogenetic test is symptom
relief, and verification of drug compliance is also one of
the goals. However, there are many practical difficulties
in applying genetic test in clinical settings. And the possibility of pharmacogenetics in psychiatry by several research is as follows. The Del allele of the –141C Ins/Del
gene of the type 2 dopamine receptor is known to reduce
the therapeutic effect of antipsychotic drugs in schizophrenia. Therefore, early use of drugs such as clozapine
in schizophrenia patients with the Del allele may reduce
the duration of exposure to unnecessary antipsychotics
[32]. On the basis the study that the –759 C/T gene of the
type 2 serotonin C receptor is associated with antipsychotics induced weight gain, schizophrenia patients with
the –759 C/T gene could take drugs for weight control in
advance during taking antipsychotics [33]. Since many
antipsychotics are metabolized by CYP2D6, poor metabolizer schizophrenia patient could take antipsychotics
with dosage adjust.
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CONCLUSION
For pharmacogenetics in psychiatry, it is important to
set reasonably predictable objectives. Personalized and
precision treatment is still far because of current technical and data limitation. As mentioned above, since almost all antipsychotics antagonize the type 2 dopamine
receptors, even patients with type 2 dopamine receptor
genotype related to drug-induced weight gain or poor
drug response could not avoid take that antipsychotics. However, if the patient’s genotype can be identified
through pharmacogenetic testing, side effects could be
controlled by drug selection and adjusting the drug dosage or taking duration according to the genotype. In
conclusion, although pharmacogenetic test in psychiatry
may not have outstanding sensitivity and specificity, it
could contribute to prediction of clinical prognosis or innovative drug treatment.
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