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Aim: The purpose of this study was to evaluate the clinical utility of pharmacogenetic (PGx) testing in the
treatment of bipolar disorder in the Chinese population. Patients & methods: Compare efficacy and side
effects, measured by the Clinical Global Impression Efficacy Index scale (CGI-EI), of PGx-guided treatment
(n = 100) to that of the traditional treatment (n = 100). Results: Compared with the traditional treatment,
PGx-guided treatment reduced the number of medications used for patients, also achieving better effi-
cacy at 4, 8 and 12 weeks. In the analysis of side effects, the PGx-guided group significantly reduced the
side effects. Conclusion: Our study suggests that PGx testing results-guided treatment is superior to the
traditional treatment of bipolar disorder in the Chinese population.
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Bipolar disorder is a persistent, episodic and debilitating condition. According to a meta-analysis of 32 studies
conducted between 1984 and 2013 with 470,411 participants, the estimated 12-month and lifetime prevalence of
bipolar disorder (BD) in China were 0.09% (95% CI: 0.06–0.12%), 0.17% (95% CI: 0.10–0.29%) and 0.11%
(95% CI: 0.07–0.17%), respectively [1]. Given the size of the Chinese population, there could be over a million
Chinese suffering from this disease currently. Although multiple drugs have been developed for BD treatment,
30–50% of patients fail to respond to the medication on their first treatment. The depressive components of
BD are especially difficult to treat successfully [2]. Studies have found that patients with difficult-to-treat BD may
go into remission after trying several treatment strategies. The odds diminish with every additional treatment
strategy, demonstrating the limitations of trial-and-error medication management [3]. The rapid development of
pharmacogenomics makes it possible for clinicians to select drugs, based on the patient’s genetic characteristics,
to perform dose adjustments and clinical monitoring and to rationally control the occurrence of adverse drug
reactions. The utilization of pharmacogenetic testing may greatly improve the effectiveness of BD treatment.

Pharmacogenomics concerns gene polymorphism associated with pharmacokinetics and pharmacodynamics.
Genes related to pharmacokinetics include enzymes related to the absorption, distribution, metabolism and scav-
enging of drugs in vivo, such as cytochrome P450 superfamily [4], ABC transporter family and so on. The genes
related to pharmacodynamics include various proteins related to the drug target and response process, such as the
dopamine receptor and the serotonin receptor, etc. Genetic variation in these genes is the key contributor to genetic
differences causing individuals to react differently to specific drugs. The genetic testing results of these genes could
be used to help predict metabolic types, response effects and side effects of specific drugs before the patient takes
the drug [5–7].

In recent years, substantial progress in the field of pharmacogenetics has been made. To facilitate the use of
pharmacogenetic tests for patient care, the Clinical Pharmacogenetics Implementation Consortium (CPIC), an
international consortium of individual volunteers and a small group of dedicated staff, was formed in 2009. Since
then, CPIC has issued several hundred guidelines on genetic test-based drug selection and dosage adjustment
(https://cpicpgx.org/guidelines/). Approximately a third of these guidelines are relevant to psychiatric disease treat-
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ment [8,9]. Several international, high-quality studies on the clinical utility of pharmacogenetics testing demonstrate
that treatment guided by genetic test results significantly improves the efficacy of medication and reduces the
occurrence of side effects. In 2017, a Spanish team published a randomized and double-blind clinical trial on
the efficacy of prospective pharmacogenetic testing in the treatment of major depressive disorders. This study
included 155 experimental samples and 161 reference samples from 18 hospitals. The results showed that patients
whose prescriptions were guided by genetic test results were more responsive to the treatment than patients in the
reference group (OR: 1.86, [95% CI: 1.13–3.05]); patients in the group for treatment guided by genetic test results
displayed a higher tolerance of the drug treatment than the reference group (OR: 2.06 [95% CI: 1.09–3.89]) [10].
Another double blind and randomized clinical study with 685 patients of depression and anxiety in USA further
demonstrated that the response rates (p = 0.001; OR: 4.72 [1.93–11.52]) and remission rates (p = 0.02; OR: 3.54
[1.27–9.88]) were significantly higher in the pharmacogenetics-guided group when compared with the reference
group at 12 weeks [11]. To date, most of the pharmacological genetics research on the BD treatment is limited to
the candidate gene and to the drug response association study. Perlis et al. found that polymorphisms in dopamine
D3 receptor and HRH1 genes were significantly associated with response to olanzapine/fluoxetine combination
treatment, whereas SNPs within the dopamine D2 receptor, HRH1, dopamine beta-hydroxylase, glucocorticoid
receptor and melanocortin 2 receptor genes were significantly associated with response to lamotrigine [12]. Kim
et al. reported that the carriers of the COMT gene "Val" allele responded better to mood stabilizers (valproate
and carbamazepine) than none carriers in the study group composed of 144 patients with manic bipolar disor-
der [13]. Two small sample studies have found that pharmacogenetic test results guided treatment has significantly
improved the psychopathology and tolerance of patients with bipolar disorder [14,15]. Although multiple studies
have demonstrated the clinical utility of pharmacogenetic testing for treatment of various psychiatric diseases, the
clinical significance of such testing in the Chinese population remains unclear. This study objectively evaluated
the clinical significance of genetic-testing-guided medication for the treatment of bipolar disorder in the Chinese
population.

Materials & methods
Study subjects
Study subjects were patients with bipolar disorder from Nanchong Psychosomatic Hospital. 100 subjects in the
test group were treated using their genetic test results as a guide; another hundred subjects in the reference group
were treated via traditional methods, following standard practice. The inclusion criteria are: 16 to 65-year-old
patient who has met the diagnostic criteria of ICD-10 (International Statistical Classification of disease and related
health problems, 10th revision); first-time unmedicated patient, or a chronic patient with only two failed previous
treatments; baseline HAMD score ≥20 points and BRMS score ≥6 points; no serious physical illness and no
need to use other medications that may interact with treatment drugs during the study. The exclusion criteria are:
patients with more than two treatment failures in the past; patients with a chronic disease requiring medication that
might interfere with the medications used for treatment. The study protocol was approved by the Medical Ethics
Committee of Nanchong Psychosomatic Hospital (clinical trial registration number: 18YFZJ0064) and complied
with the Helsinki Declaration (rev. 1983). All patients provided written, informed consent of participation in the
study (see the Supplementary Materials for a copy of the informed consent).

Psychiatric treatment
All patients were treated by qualified and experienced psychiatrists. They were treated by one or more medications for
their conditions according to the professional judgement of their doctors. Based on the patient’s condition, doctors
normally would use their professional experience to either choose mood stabilizers plus atypical antipsychotic drugs,
or, mood stabilizers alone or atypical antipsychotic drugs alone to treat bipolar disorder according to. The doctors
could modify the treatment plan according to the genetic test results of the individual in the test group (the genetic
test report will identify drugs that may need dosage adjustment or replacement for the tested individual. Doctors will
make corresponding changes based on the information and their professional experience). No particular measures
beyond routine practice were taken to monitor patient adherence to the medication since most of the patients were
in-house patients.
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Genetic testing
The 2 ml blood samples were collected using sample tubes with EDTA from each patient in the test group after
enrollment. The samples were shipped to the clinical diagnostic laboratory of Hangzhou Medical Biotechnology
for testing. In the laboratory, DNA was extracted from the blood samples using a MagCore Super automated
DNA extraction system from RBC Bioscience (Taiwan), according to the instructions from the manufacturer. The
quantity and quality of extracted DNA samples were measured using a Nanodrop spectrophotometer (Thermo
Fischer Scientific Inc., MA, USA). Single nucleotide polymorphism genotyping was performed on the MassArray
system (Agena Bioscience, NY, USA) [16]. The CYP2D6 gene copy number was tested using commercial TaqMan
copy number assay (HS00010001 cn, Exon 9) along with the copy number reference essay (Tert, 4403316) from
Thermo Fisher Scientific, Inc. following the manufacturer’s instructions. Each sample was tested in quadruplicate
in a QuantStudio DX from Thermo Fisher Scientific using TaqMan Genotyping Master Mix (Thermo Fisher
Scientific). The result was then analyzed using Copy Caller Software (Thermo Fisher Scientific). The genetic test
included a total of 56 variants from 17 genes. The association between the genetic polymorphism of these genes and
drug reactions and side effects have been previously established. The list of genes analyzed and their corresponding
reference is presented in the Supplementary Material (Supplementary Table 1).

Reporting of genetic test result & clinical recommendations
The test performed by the clinical diagnostic laboratory of Hangzhou Medical Biotechnology covered 17 genes
(some with multiple variants) and made recommendations for 24 antidepressants, 18 antipsychotics and 9 anxiolytics
that are commonly used for depression, bipolar disorder and anxiety disorders. The test results were provided to
the patient’s physician within 5 days after receiving the samples in the form of reports with information on the
drug metabolism and response via an encrypted e-mail and a hard copy.

Study timeline & data collection
After joining the study, the patients were treated by doctors according to their professional judgements. In the test
group, the prescription might be modified according to the genetic test results of the patient. The clinical status
of the patients was evaluated by fully trained doctors according to the Clinical Global Impression (CGI) Efficacy
Index scale at 2, 4, 8 and 12 weeks after starting the treatment. The CGI-EI scale includes a 4-point ordinal scale
that assesses the efficacy of the treatment with 4 as the most effective and 1 as the least effective or no effect; and
a 4-point ordinal scale that assesses the side effects of the treatment with 4 as the highest side effect and 1 as the
lowest or no side effect. The CGI-EI score is the combination of both efficacy and side effect scores according to
the rules set in the CGI guideline [17]. Both the patients and their doctors who performed the CGI-EI evaluation
were blind to the treatment group. The individual patient’s evaluation was recorded in the CGI score card and the
final results were summarized in an Excel file.

Data analysis
SPSS (IBM Corp., version 25.0, NY, USA) was used for data analysis. Descriptive statistics were used to characterize
the patient population. The Kruskal–Wallis test analysis was used to determine the significance of the clinical
improvement difference in terms of the CGI-EI score between the test group and the reference group. Mann–
Whitney U test analysis was used to calculate the significance of treatment efficacy and side effect difference between
the test and the reference group.

Results
Study subjects
This study included 100 patients in the test group and 100 in the reference group. The differences between the test
group and the reference group were evaluated from multiple aspects including gender composition, age composition
and course of disease. The detailed sample information is presented in Table 1. The Pairwise Comparisons analysis
shows that subjects in the experimental and control groups did not differ statistically in all respects (Table 1).

The effect of genetic testing results on patient’s drug prescription
In this study, 100 patients in the test group were genotyped for six genes responsible for drug metabolism and 11
genes associated with drug response or adverse effect. As shown in Table 2, out of the 17 genes tested, 98% of
patients carried genetic variations in range of 4–11 genes that might affect drug metabolism, response or adverse
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Table 1. The study subject composition in the test and the reference group.
Category Factors Test group Reference group p-value

Sex Female 32 30 0.761

Male 68 70

Age �25 10 18 0.301

25–50 48 50

50–65 42 32

Disease history �1 year 15 10 0.662

2–5 years 22 25

6–10 years 23 19

11–20 years 21 26

�20 years 19 20

Medication history No 9 11 �0.05

Pairwise comparisons

Dependent
variable

I Group J Group Mean difference
(I–J)

Std. error Sig.† 95% CI for difference†

Lower bound Upper bound

Sex Test group Reference group 0.020 0.066 0.761 -0.110 0.150

Age Test group Reference group 1.940 1.872 0.301 -1.752 5.632

Disease history Test group Reference group -0.650 1.484 0.662 -3.577 2.277

Based on estimated marginal means.
†Adjustment for multiple comparisons: Bonferroni.

Table 2. The genetic characteristics of the patients in the test group.
Number of genes with mutation Number of patients %

2 1 1

3 1 1

4 6 6

5 10 10

6 17 17

7 21 21

8 16 16

9 16 16

10 8 8

11 4 4

Total 100 100

effect. Consequently, out of the 100 patients in the experimental group, 77 had their prescription altered by their
doctor after getting their test results. Compared with their drug prescription prior to genetic testing, three had a
dosage change and 74 had a medication change. When comparing the treatment plan of the test group with that
of the reference group, we found that the number of patients using single drug therapy in the experimental group
was significantly higher than that of the reference group (23 vs 8; p = 0.000), whereas the number of patients using
3-drug therapy in the test group was significantly lower than that in the reference group (1 vs 15; p = 0.000; Table 3).

Clinical outcomes
During the study, patient’s clinical status was measured using CGI score cards for the efficacy index score with drug
efficacy and side effects both evaluated in a 4-point ordinal scale, respectively. For the efficacy, 4 is the most effective
and 1 is the least effective or has no effect. For the side effects, 4 is the worst side effect and 1 is no effect. The
efficacy index (E-Index) scored for each patient was obtained based on the efficacy score and the side effect score of
each patient according to the guidelines from ECDEU assessment manual for psychopharmacology [17]. Using the
SPSS V25, we performed the independent-sample Kruskal–Wallis test analysis. The results showed that the total
E-Index score of the test group including 398 data points collected from 100 patients at 2, 4, 8 and 12 weeks after
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Table 3. The Chi-square test analysis of number of drugs used for treatment difference between test group and
reference group.
Number of drugs Test group Reference group Total

Number of drugs used for
treatment

Single drug Counts 23a 8b 31

Expected count 15.5 15.5 31

% within group 23.00% 8.00% 15.50%

Two drugs Count 76a 75a 151

Expected count 75.5 75.5 151

% within group 76.00% 75.00% 75.50%

Three drugs Count 1a 15b 16

Expected count 8 8 16

% within group 1.00% 15.00% 8.00%

Four drugs Count 0a 2a 2

Expected count 1 1 2

% within group 0.00% 2.00% 1.00%

X2 = 21.515; df = 3; p = 0.000.

0.00

1.00

2.00

3.00

4.00

Group

Independent-samples Kruskal–Wallis test

E
in

d
e
x

Test group Reference group

5.00
Mean rank = 436.95

Mean rank = 326.23

n = 798

Kruskal–Wallis H

df

Asymp. sig.

Efficacy index (Eindex)

22.242

1

0.000

Test statistics†,‡

Figure 1. The total Clinical Global Impression Efficacy Index (Eindex) score comparison analysis between the test
(n = 398) and the reference group (n = 400).
†Kruskal–Wallis test.
‡Grouping variable: group.
Asymp. sig: Asymptomatic significance; df: Degrees of freedom; MR: Mean Rank of the group. The test statistic is
adjusted for ties.

initiation of their treatments were significantly different from the 400 data points collected from the 100 patients
in the reference group in the same manner, X2 = 13.137; p = 0.000 (Figure 1). This means that the rank efficacy
index score is 370.61 for the test group and 428.25 for the reference group. This result indicates that the patients
in the test group had significantly better clinical outcomes than the patients in the reference group.
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Figure 2. Comparison analysis of the treatment efficacy between the test and the reference group at different time points of clinical
evaluation.

Table 4. The difference of treatment efficacy between the test and the reference group at different data collection
points throughout the study.
Groups Number of patients with each CGI efficacy score

CGI efficacy score 4 3 2 1

Test group 2 weeks 3 46 51 0

4 weeks 42 48 10 0

8 weeks 76 20 3 0

12 weeks 92 7 0 0

Reference group 2 weeks 0 45 55 0

4 weeks 26 60 14 0

8 weeks 62 36 2 0

12 weeks 82 18 0 0

CGI: Clinical Global Impression.

To truly understand the effect of genetic testing on patient care, a Mann–Whitney U test analysis was performed
to compare the treatment efficacy data between the test and the reference group at different clinical evaluation
points during the study. The results are summarized in Figure 2. As described above, we used a 4-point ordinal scale
to evaluate the treatment efficacy with 4 as the most effective and 1 as the least effective or no effect. As Figure 2
shows, there was no difference detected between the test and reference group at 2 weeks of treatment, whereas there
was a significant difference between the two groups at 4 weeks (p = 0.023), 8 weeks (p = 0.033) and 12 weeks (p
= 0.020). In all cases, the number of people with an efficacy score of 4 in the test group was larger than in the
reference group (Table 4). This result confirmed that the genetic test-result-guided drug prescription could help
improve the efficacy of drug treatment. Next, we investigated the effect of genetic testing on the drug side effects.
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Figure 3. Comparison analysis of the treatment side effects between the test and the reference group at different time points of clinical
evaluation.

The side effects of individuals’ treatment were evaluated using a 4-point ordinal scale of the CGI score system with
1 being no side effect and 4 being severe side effects. The results of the test group were compared with that of
the reference group using the Mann–Whitney U test analysis. The results presented in Figure 3 demonstrate that
genetic-test-guided prescriptions have fewer side effects than that of the reference group throughout the study. The
mean rank difference between the test and reference group is 13.86 (p = 0.047) at 2 weeks, 13.38 (p = 0.057) at
4 weeks, 15.42 (p = 0.027) at 8 weeks and 17.39 (p = 0.005) at 12 weeks after the initiation of the treatment. The
p-value of the group difference at the data point of 4-week treatment was slightly larger than 0.05; all other p-values
were smaller than 0.05 indicating that the difference of side effect of treatment between the test and reference group
was statistically significant.

Discussion
Several published studies have shown that using genetic testing of genes associated with drug metabolism and
response to guide treatment can improve patient care for several psychological diseases [7,10,18–31]. In a multicenter
double-blind clinical trial study, Pérez and colleagues have demonstrated that pharmacogenetic testing guided
treatment significantly improved patients with major depression’s response to the treatment at 12 weeks. Drug
treatment side effects were also significantly reduced [10]. A retrospective, naturalistic, multicenter study including
multiple psychological disorders such as depression, psychosis, anxiety, bipolar, etc. has shown that patients with
genetic test-results-guided treatment are more likely to improve their condition than patients without using genetic
testing [32]. A few studies have been published specifically on the PGx effect on the treatment of bipolar disorder. In a
study with only two patients with bipolar disorder, the researchers found that both patients were receiving suboptimal
treatment prior to PGx testing. After PGx testing, doctors modified the treatment strategy accordingly for each of
the patients, which lead to significant improvement of the patients’ condition after a 3-month treatment [12]. In
another study with 30 patients with bipolar disorder, the researchers found that only 13% of patients had treatment
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in-line with PGx test results at T0. At the 3-month follow-up, 40% of the patients had treatment modification based
on the PGx test results and have shown significant improvement [13]. In a 2-year mirror analysis study, Callegari
and colleagues found that pharmacogenetic tests-guided treatment lead to a substantial reduction in medical costs
due to reduced numbers and days of patient hospitalization, and access to emergency services [33].

Most of the existing clinical utility study of PGx testing guided treatment are on the European population – there
are limited data on the Chinese population. In our current study, we have demonstrated that PGx test (developed by
Hangzhou Medical Biotechnology, Inc.) guided treatment could significantly improve patient care for the Chinese
patient population with bipolar disorder.

One of the findings was that patients in the PGx test guided treatment groups used fewer drugs than patients in
the reference group in their treatments. It is possible that PGx testing identified the problematic drugs that might
have increased the risk of side effects or lack of response, so that only potentially safe and effective drugs with proper
dosages were used. Consequently, efficacy of treatment was better in the test group than in the reference group. As
showed in Table 2, all tested individuals carried a mutation in one or multiple genes tested in this study, whereas
only 77 of them resulted in a modified treatment plan. The reason that not 100% of the patients changed treatment
plans was because some of the genotypes carried by specific individuals did not affect the medication prescribed
to them. One possible reason that 77% of the patients needed alterations to their treatment plans is because the
mutation rate of the CYP2D6 gene, the most important PGx gene for drugs used for psychiatric disorders, is high
in the Chinese population. The most common CYP2D6 mutation that causes decreased enzyme activity is *10
its frequency in the Chinese population is ∼60 versus 20% in the European population. The functional alleles
represent only ∼50% of the frequency of CYP2D6 alleles in the Chinese population [34]. Because several important
drugs used for bipolar treatment such as risperidone are metabolized by CYP2D6, many people’s treatment plans
had to be altered after discovering that they are the mutation carrier.

This study is the first clinical utility study on the application of PGx testing in the treatment of Chinese bipolar
patients. The results clearly demonstrate that genetic testing guided treatment is superior to traditional treatment.
Because of the high frequency of mutations in the PGx genes present in the Chinese population, genetic testing
could potentially become necessary for the proper treatment of Chinese bipolar patients. However, the sample size
of this study is too small to make a definitive conclusion. Further research with a larger sample size and double-blind
design would help to conclude whether genetic-testing-guided therapy is necessary to treat bipolar disorder in the
Chinese population.

Summary points

• Although numerous studies have shown that pharmacogenetic (PGx) testing guided therapy has the potential to
improve treatment efficacy and to reduce side effects for a number of medications, actual studies on the clinical
utility of PGx testing for specific diseases are limited. The current study focuses on the clinical significance of PGx
testing guided therapy in the treatment of bipolar disorder in the Chinese population.

• This study had 200 participants: 100 in the case group whose treatment was guided by the PGx testing results,
and 100 in the control group whose treatment was by the traditional trial-and-error method. Drug efficacy and
side effects were evaluated using Clinical Global Impression Efficacy Index scale at 2, 4, 8 and 12 weeks post
therapy initiation.

• Compared with the traditional treatment, the drug–delivery strategy, guided by PGx testing results, used fewer
medications for patient treatment on average, and also achieved better treatment efficacy at 4 weeks (p = 0.023),
8 weeks (p = 0.033) and 12 weeks (p = 0.020).

• The side effects of the test group were significantly reduced compared with that of the control group.
• The results of the current study indicate that using PGx testing guided therapy has the potential to improve

patient care for bipolar disorder in the Chinese population.
• Due to limited sample size, we cannot make a definitive conclusion. A double-blind study with a larger sample

size would help to conclude whether genetic testing guided therapy is necessary for the treatment of bipolar
disorder in the Chinese population.
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