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ABSTRACT
Background  Aripiprazole (ARI) is often prescribed 
alone or in combination with other second-generation 
antipsychotics (SGAs) to treat patients with schizophrenia. 
However, this may increase the potential clinical 
significance of drug–drug interactions. Therapeutic drug 
monitoring (TDM) is an important and fundamental tool 
both when administering ARI alone and in combination 
with other SGAs to monitor ARI pharmacokinetics, adjust 
the dosage and thereby achieve more effective and safer 
treatment.
Aims  This study retrospectively investigated the effects of 
four SGA comedications (clozapine, risperidone, quetiapine 
(QTP) and olanzapine) and other potential factors (sex, 
age and ARI dose) on the serum concentrations of ARI 
and dehydroaripiprazole (DARI) in Chinese patients with 
schizophrenia using TDM data.
Methods  High-performance liquid chromatography 
was used to test the serum concentrations of ARI, DARI 
and ARI+DARI. In addition, steady-state dose-adjusted 
serum concentrations (ie, concentration-to-dose ratios, 
C:D ratios) of ARI, DARI and ARI+DARI; sex; age; ARI dose 
and SGA comedication dose between 299 inpatients with 
schizophrenia who received ARI or SGA comedication 
were all collected and analysed. Spearman’s correlation 
and multiple linear regression analysis were used to 
evaluate bivariate associations between ARI dose and 
serum ARI and DARI concentrations and describe the 
effect of independent variables on serum ARI and DARI 
concentrations, respectively.
Results  There were significant differences in the 
C:D ratios of ARI (χ2=−3.21, p=0.001) and ARI+DARI 
(χ2=−2.50, p=0.01) between the ARI and SGA groups, 
as well as in the C:D ratios of ARI (χ2=−3.59, p<0.001) 
and ARI+DARI (χ2=−3.10, p=0.002) between the female 
patients in the two groups. Of the four SGAs, only QTP 
had significant effects on the C:D ratios of ARI (Z=−4.12, 
p<0.001) and ARI+DARI (Z=−3.62, p<0.001) when 
compared with the ARI group in the whole sample and 
on the C:D ratios of ARI, DARI and ARI+DARI (Z=−3.96, 
p<0.001; Z=−2.22, p=0.03; Z=−3.75, p<0.001, 
respectively) in women when compared with their 
counterparts in the ARI group.

Conclusion  Comedication with SGAs resulted in lower 
C:D ratios of ARI and ARI+DARI compared with ARI 
monotherapy, and comedication with QTP resulted in lower 
C:D ratios of ARI and ARI+DARI than ARI monotherapy. 
Despite this statistical significance of our findings, whether 
the presently observed effect has clinical significance 
requires exploration by further research. TDM and 
dosage regulation of ARI should be performed in Chinese 
inpatients with schizophrenia who are receiving SGA 
comedication (especially QTP) to maintain a safe and 
effective dose-adjusted serum concentration of ARI and 
DARI.

INTRODUCTION
Aripiprazole (ARI) is a novel second-
generation antipsychotic (SGA) with a 
unique pharmacological profile: it acts as 
a partial agonist at dopamine D2 receptors, 
an antagonist at 5-HT2A receptors and a 
partial agonist at serotonin 1A receptors. It 
is effective in treating psychiatric disorders, 
especially schizophrenia and schizoaffec-
tive disorders. Compared with other anti-
psychotic drugs, ARI induces fewer adverse 
effects and has a lower potential for causing 
extrapyramidal adverse effects, weight gain, 
hyperlipidaemia, hyperprolactinaemia and 
sedation.1–7 Furthermore, ARI decreases the 
risk of relapse in patients up to the medium 
term and is associated with better patient 
compliance.2–6

ARI is often prescribed in combination 
with other SGAs to treat schizophrenia with 
comorbid psychiatric illnesses, control the 
side effects of ARI or to augment its ther-
apeutic effect. However, this practice may 
result in drug–drug interactions and subse-
quent changes in the serum concentrations 
of ARI, further resulting in clinical toxicity 
or reduced therapeutic effects. Therapeutic 
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drug monitoring (TDM) and dosage adjustments of ARI 
have been suggested in clinical practice as strategies to 
minimise poor drug compliance in patients with schizo-
phrenia and schizoaffective disorders, as well as to avoid 
adverse effects.6 7

SGA polypharmacy (a combination of two or more 
SGAs) and pharmacological add-on therapy with SGAs 
are increasingly being prescribed to patients with schizo-
phrenia because they have an elevated risk of developing 
other psychiatric conditions, such as anxiety disorders or 
depression, for which they are more likely to receive other 
concomitant therapies.8–10 The lack of response to treat-
ment with SGA and the deterioration of the mental health 
of a patient are absolute indications for determining the 
frequency of SGA intake and the serum concentration of 
the SGA and its metabolites. Accordingly, the frequent use 
of a combination of two SGAs to potentiate their actions 
requires TDM to monitor the patient’s SGA intake and 
serum concentrations of the SGAs and their metabolites.

As there are limited studies available on the effects of 
comedicating SGAs on the pharmacokinetics of ARI, this 
study aimed to investigate the effect of SGA comedication 
on serum concentrations of ARI and its main metabolite, 
dehydroaripiprazole (DARI), in Chinese patients with 
schizophrenia.11–14

MATERIALS AND METHODS
To investigate the pharmacokinetic effects of four come-
dicated SGAs (clozapine (CLZ), risperidone (RIP), queti-
apine (QTP) and olanzapine (OLZ)) and other potential 
influencing factors (sex, age, ARI dose and SGA comed-
ication) on the serum concentrations of ARI and DARI 
in Chinese inpatients with schizophrenia, we retrospec-
tively analysed the potential effects of these factors on 
the serum concentrations of ARI, DARI and ARI+DARI 
as well as the C:D ratios of ARI, DARI and ARI+DARI in 
299 patients with schizophrenia. We aimed to provide a 
reference for TDM and ARI dose regulation in the treat-
ment of Chinese inpatients with schizophrenia receiving 
SGA comedication.

Patients and inclusion criteria
A retrospective study was performed of inpatients with 
schizophrenia who were treated in our centre from 
January 2010 to March 2014. Initially, 363 patients were 
selected for inclusion in the study, but 299 remained 
following three screening rounds for compliance 
according to the patient inclusion criteria shown in 
figure 1. Patients were treated with ARI monotherapy or 
ARI in combination with one of four SGAs (CLZ, RIP, 
QTP and OLZ). The clinical data (serum ARI and DARI 
concentrations, ARI dose, SGA comedication and SGA 
dose) and demographic data (sex and age) of the patients 
had been previously obtained from medical archives, and 
the serum ARI+DARI concentration and C:D ratios of 
ARI, DARI and ARI+DARI were calculated from the clin-
ical data. The serum ARI and DARI concentrations were 

monitored at least once during the first 2 months of treat-
ment and then once per month in the hospital.

Sample collection and analysis
Blood samples (5 ml) were extracted from the cubital 
vein of patients who had taken ARI for at least 4 weeks 
between 18:00 and 19:00 (11–12 hours after the last medi-
cation dose). Serum concentrations of ARI and DARI 
were determined with high-performance liquid chroma-
tography (HPLC) using a previously reported method 
developed in our laboratory.15 Samples were analysed 
with an Agilent 1200 HPLC analyzer using an XDB C18 
chromatography column (4.6×50 mm, 1.8 µm, Agilent; 
Santa Clara, California, USA) at a detection wavelength 
of 254 nm. The assay validation data used standard curves 
for ARI, DARI and the internal standard (purchased from 
Sigma); the curves were found to be linear, with correla-
tion coefficients of 0.998 and 0.999, respectively, over 
a range of 4.0–2000 ng/ml (ARI) and 4.0–1500 ng/ml 
(DARI). A detection limit of 25 ng/ml for ARI and DARI 
was achieved, with the relative recovery of >80.0% for ARI 
and >80.0% for DARI.

Statistical analysis
All data were analysed with the Statistical Package for 
the Social Sciences V.21.0 (SPSS, Chicago, Illinois, USA). 
Normally distributed data (age and ARI dose) were 
expressed as mean (SD). Non-normally distributed data 
(serum ARI, DARI and ARI+DARI concentrations; C:D 
ratios of ARI, DARI, ARI+DARI and SGA dose) were 
expressed as the median (IQR: 25–75). Comparisons of 
the numbers of men and women were conducted using 
the χ2 test. The independent samples t-test was used to 
compare two groups/subgroups of normally distributed 
numerical variables, and a one-way analysis of variance 
was used to compare multigroups/subgroups of normally 

Figure 1  Flowchart of the study. ARI, aripiprazole; CLZ, 
clozapine; DARI, dehydroaripiprazole; OLZ, olanzapine; 
QTP, quetiapine; RIP, risperidone; SGA, second-generation 
antipsychotic; TDM, therapeutic drug monitoring.
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distributed numerical variables. The Mann-Whitney 
rank-sum test was used to compare two groups/subgroups 
of non-normally distributed numerical variables, and the 
Kruskal-Wallis rank-sum test was used to compare multi-
groups/subgroups of non-normally distributed numerical 
variables. Spearman’s correlations were used to examine 
the bivariate associations between any two ARI doses and 
serum ARI and DARI concentrations in both the ARI and 
SGA groups. Subsequently, non-normally distributed data 
(serum ARI concentration and serum DARI concentra-
tion) were logarithmically transformed before analysis 
with multiple linear regression analysis. P values of <0.05 
were considered to indicate statistical significance.

RESULTS
Demographic data
A total of 299 patients (106 men and 193 women) met the 
inclusion criteria for this study. Among them, 113 patients 
received ARI monotherapy (43 men and 70 women). The 
remaining 186 patients (63 men and 123 women) were 
concomitantly treated with ARI and one other SGA (CLZ, 
RIP, QTP or OLZ). The ARI and SGA groups accounted 
for 37.8% and 62.2% of the 299 patients included in this 
study, respectively. The results are shown in table 1.

Comparison of the ARI and SGA groups
The mean (SD) age of men in the SGA group was signifi-
cantly higher than that of those in the ARI group (42.3 
(12.6) years vs 36.1 (10.4) years, t=−4.23, p<0.001). 
Concerning women, their mean (SD) age in the SGA 
group was significantly lower than that in the ARI group 
(43.0 (14.8) years vs 49.7 (18.5) years, t=4.30, p<0.001).

The mean (SD) ARI dose in the SGA group was signifi-
cantly higher than that in the ARI group (21.9 (10.0) 
mg/d vs 20.0 (9.3) mg/d, t=−2.63, p=0.009). The mean 
(SD) ARI dose among women in the SGA group was 
significantly higher than that among women in the ARI 
group (22.6 (11.0) mg/d vs 19.3 (10.1) mg/d, t=−3.43, 
p=0.001).

There were no significant differences in the serum 
ARI, DARI or ARI+DARI concentrations across the whole 
sample or between the male and female samples from 
the ARI and SGA groups. The median (IQR 25‒75) C:D 
ratios of ARI (10.5 (6.7‒15.2) d/L vs 12.2 (7.4‒19.7) d/L, 
χ2=−3.21, p=0.001) and ARI+DARI (15.7 (11.0‒22.8) d/L 
vs 17.5 (10.8‒28.4) d/L, χ2=−2.50, p=0.01) were both 
significantly lower in the SGA group than in the ARI 
group. Similarly, the ratios of the samples of women in 
the SGA group were lower than those of the women in 
the ARI group (ARI: 9.7 (6.2‒15.1) d/L vs 12.7 (7.3‒22.5) 
d/L, χ2=−3.59, p<0.001; ARI+DARI: 15.1 (10.6–22.6) d/L 
vs 19.3 (11.1‒30.7) d/L, χ2=−3.10, p=0.002, respectively).

There were no significant differences in the serum ARI, 
DARI and ARI+DARI concentrations, or the C:D ratios 
of ARI, DARI and ARI+DARI between the men in the 
ARI and SGA groups. The results are shown in detail in 
tables 1–3.

Comparison of the ARI group and SGA subgroups
Significant differences in age (F=15.68, p<0.001) were 
found between the patients in the ARI group and the 
four SGA subgroups; this significance was maintained 
when the men (F=10.78, p<0.001) and women (F=18.54, 
p<0.001) were considered independently. The mean 
(SD) ages of the men in the CLZ and OLZ subgroups 
were significantly higher than those of the men in the 
ARI group (45.6 (11.2) years vs 36.1 (10.4) years, t=−5.81, 
p<0.001; 41.5 (12.0) years vs 36.1 (10.4) years, t=−2.86, 
p=0.005, respectively). Women in the RIP, QTP and OLZ 
subgroups had significantly lower mean (SD) ages than 
their counterparts in the ARI group (33.9 (10.6) years 
vs 49.7 (18.5) years, t=7.65, p<0.001; 43.4 (12.1) years vs 
49.7 (18.5) years, t=3.61, p<0.001; 37.1 (15.5) years vs 49.7 
(18.5) years, t=5.09, p<0.001, respectively).

The mean (SD) ARI dose differed significantly between 
the SGA subgroups and ARI group (F=5.18, p<0.001). 
The mean (SD) ARI doses were significantly higher in 
the QTP and OLZ subgroups than in the ARI group (24.2 
(10.0) mg/d vs 20.0 (9.3) mg/d, t=−4.36, p<0.001; 21.7 
(8.6) mg/d vs 20.0 (9.3) mg/d, t=−2.41, p=0.02, respec-
tively). Women in the QTP and OLZ subgroups received 
significantly higher mean (SD) ARI doses than women in 
the ARI group (24.5 (10.3) mg/d vs 19.3 (10.1) mg/d, 
t=−4.36, p<0.001; 22.7 (9.0) mg/d vs 19.3 (10.1) mg/d, 
t=−2.55, p=0.01, respectively).

There were no significant differences in the median 
serum concentrations of ARI, DARI and ARI+DARI 
between the four SGA subgroups and the ARI group. This 
finding was the same for both men and women.

There were significant differences in the median 
C:D ratios of ARI (χ2=18.24, p=0.001), DARI (χ2=10.65, 
p=0.03) and ARI+DARI (χ2=15.38, p=0.004) between 
the four SGA subgroups and the ARI group. Among 
the four SGA subgroups, patients in the QTP subgroup 
as a whole had significantly different C:D ratios of ARI 
(9.4 (7.2‒11.8) d/L vs 12.2 (7.4‒19.7) d/L, Z=−4.12, 
p<0.001) and ARI+DARI (14.2 (10.9‒18.2) d/L vs 17.5 
(10.8‒28.4) d/L, Z=−3.62, p<0.001) than those in the ARI 
group. Moreover, the C:D ratios of ARI (9.5 (7.2‒11.8) 
d/L vs 12.7 (7.3‒22.5) d/L, Z=−3.96, p<0.001), DARI (4.9 
(3.2‒6.5) d/L vs 5.6 (3.5‒9.0) d/L, Z=−2.22, p=0.03) and 
ARI+DARI (14.7 (11.1–18.1) d/L vs 19.3 (11.1‒30.7) d/L, 
Z=−3.75, p<0.001) were significantly different between 
women in the QTP subgroup and women in the ARI 
group. However, there was no significant difference in 
the median C:D ratios between the men in the four SGA 
subgroups and their counterparts in the ARI group. Most 
results are shown in tables 1–3 and figures 2 and 3.

Spearman’s correlation analysis
Several significant correlations between ARI dose and the 
serum concentrations of ARI and DARI in both the ARI 
and SGA groups were identified. In the ARI group, the 
strongest correlation was between the serum concentra-
tions of ARI and DARI (rs=0.70, p<0.001); a similar result 
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was found in the SGA group (rs=0.72, p<0.001). The 
results are shown in table 4.

Multiple linear regression analysis
Using stepwise regression analysis, two regression equa-
tions were defined to describe the effects of independent 
variables, including sex (X1), age (X2), ARI dose (X3) 
and SGA comedication (X4), on serum ARI and DARI 
concentrations.

The serum ARI concentration was set as the dependent 
factor (Y). The regression equation is as follows: serum 
ARI concentration (Y)=212.31 ‒ 0.88 age+10.32 ARI dose 
‒ 39.07 SGA comedication (F=19.99, p<0.001; constant: 
t=6.44, p<0.001; age: t=−2.06, p=0.04; ARI dose: t=7.79, 
p<0.001; SGA comedication: t=−2.99, p=0.003).

The results showed that age, ARI dose and SGA come-
dication significantly affected serum ARI concentration, 
while sex did not. Specifically, Y was positively correlated 
with ARI dose and negatively correlated with age and SGA 
comedication. These findings indicate that higher ARI 
doses and/or younger ages are associated with higher 
serum ARI concentration, while comedication with SGA 
is associated with lower serum ARI concentration. The 
results are shown in table 5.

The serum DARI concentration was set as the depen-
dent factor (Y). The regression equation is as follows: 
serum DARI concentration (Y)=83.72+5.26 ARI dose 

(F=16.30, p<0.001; constant: t=4.82, p<0.001; ARI dose: 
t=7.67, p<0.001).

The ARI dose was the only factor found to affect serum 
DARI concentration. Age and SGA comedication did not 
significantly affect serum DARI concentration. These 
findings indicate that higher ARI doses are associated 
with higher serum DARI concentration. The results are 
shown in table 5.

DISCUSSION
Main findings
Schizophrenia is a complex, multidimensional disorder, 
whose optimal treatment may require the careful individ-
ualisation of appropriate drug combinations.16–18 Many 
studies have shown a trend towards the parallel use of ARI 
along with one or more SGAs to treat patients with schizo-
phrenia.17 18 In our study, more than 60% of the inpatients 
who were prescribed ARI also received one of four SGAs. 
With the increasing use of ARI combination with SGA, 
the potential for drug–drug interactions is becoming an 
important consideration in the treatment of patients with 
schizophrenia. While SGAs appear neither to induce nor 
inhibit the enzymes involved in the metabolism of ARI, 
the metabolism of ARI can be affected by other drugs that 
use the same metabolic pathways.

Figure 2  Serum ARI, DARI and ARI+DARI concentrations and the C:D ratios of ARI, DARI and ARI +DARI in patients with 
schizophrenia. ARI, aripiprazole; CLZ, clozapine; DARI, dehydroaripiprazole; RIP, risperidone; OLZ, olanzapine; QTP, quetiapine.
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There are several factors that contribute to ARI comed-
ication with SGAs. First, patients can be referred to hospi-
tals owing to their being therapy-refractory and the lack 
of the efficacy of a previously received monotherapy.17–20 
Second, ARI comedication with SGA may also reflect poor 
prescribing practices caused by requests from nurses for 
more drugs or clinicians’ scepticism towards and incom-
plete confidence in ARI monotherapy.17 Third, ARI come-
dication with SGA may also reflect rational prescription in 
terms of the treatment of symptoms and comorbid condi-
tions or the reduction of the risk of adverse drug reac-
tions associated with high doses of one compound.18–20 
Furthermore, increasing ARI comedication with SGA in 
the treatment of schizophrenia has been associated with 

diminished adverse drug reactions and improved indica-
tors of beneficial patient outcomes.17–20

As expected, we found that the serum concentrations 
of ARI, DARI and ARI+DARI were not influenced by 
SGAs as a whole or by any of the four subgroups of SGA 
comedication when analysed with the Mann-Whitney U 
rank-sum test and the Kruskal-Wallis rank-sum test. This is 
consistent with the observations of previous studies. ARI is 
extensively metabolised by the cytochrome (CYP) P450s, 
CYP3A4 and CYP2D6, whereas the other four SGAs in this 
study—CLZ, RIP, QTP and OLZ—are primarily metab-
olised by CYP enzymes and are neither inhibitors nor 
inducers of ARI.21 22 The findings of multiple studies thus 
indicate that the four SGAs do not significantly affect the 

Figure 3  Serum ARI, DARI and ARI+DARI concentrations and the C:D ratios of ARI, DARI and ARI+DARI in female patients 
with schizophrenia. ARI, aripiprazole; CLZ, clozapine; DARI, dehydroaripiprazole; OLZ, olanzapine; QTP, quetiapine; RIP, 
risperidone.

Table 4  Spearman’s correlation analysis of ARI dose and serum concentrations of ARI and DARI

Index

In ARI group In SGA comedication group

ARI dose
ARI 
concentration

DARI 
concentration ARI dose

ARI 
concentration

DARI 
concentration

ARI dose _ rs=0.27* rs=0.31* _ rs=0.45* rs=0.41*

ARI concentration rs=0.27* _ rs=0.70* rs=0.45* _ rs=0.72*

DARI concentration rs=0.31* rs=0.70* _ rs=0.41* rs=0.72* _

*P<0.001.
ARI, aripiprazole; DARI, dehydroaripiprazole.
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activity of ARI’s CYP isoenzymes and consequently have 
no significant effects on the serum concentrations of ARI, 
DARI and ARI+DARI.21–29 In other words, the four SGAs 
in this study are unlikely to interfere with the biotransfor-
mation of concomitant ARI under typical circumstances.

However, there are still some contradictory results in 
our study. Lower C:D ratios of ARI and ARI+DARI were 
observed in patients who were taking SGA comedication, 
whereas the C:D ratio of DARI remained unchanged. Of 
the four SGA subgroups, only QTP significantly affected 
the C:D ratios of ARI (Z=−4.12, p<0.001) and ARI+DARI 
(Z=−3.62, p<0.001) when compared with the ARI group 
as a whole; when the comparison was restricted to women, 
the C:D ratios of ARI, DARI and ARI+DARI (Z=−3.96, 
p<0.001; Z=−2.22, p=0.03; Z=−3.75, p<0.001) significantly 
differed between the QTP subgroup and the ARI group.

While other evidence suggests that SGAs may interact 
with ARI, some of these interactions may be reported only 
analytically or reflect pharmacokinetic observations of 
doubtful practical relevance, which can result in reduced 
effectiveness of ARI or increased risk of adverse events.12 15 
Combining SGA with ARI to reduce clinically significant 
risks of drug–drug interactions is a more reliable treat-
ment option for patients in whom serum ARI levels may 
fluctuate. Therefore, the use of SGA combinations with 
low potential for drug–drug interactions is desirable, 
especially for older patients who are more likely to take 
many medications.

The effect of comedication with QTP on the pharma-
cokinetics of ARI has rarely been investigated and thus 
remains unclear.15 Ren et al found that the combination 
of QTP significantly reduced the C:D ratio of ARI and 
ARI+DARI in Chinese inpatients with mental illness by 
30.1% (p=0.02) and 24.2% (p=0.02), respectively. Consis-
tent with the result of this study, Ren et al also observed 
no significant effect of comedication with QTP on the 
C:D ratio of DARI. In other words, previous findings may 
implicate QTP in the metabolism of ARI to metabolites 
other than DARI.15

QTP, a dibenzothiazepine derivative, is mainly metab-
olised by CYP2D6 and CYP3A4, whereas ARI is exten-
sively metabolised by CYP3A4 and CYP2D6 through 
three biotransformation pathways: dehydrogenation, 
hydroxylation and N-dealkylation. CYP3A4 and CYP2D6 

are involved in dehydrogenation and hydroxylation, and 
CYP3A4 is involved in N-dealkylation. The coadministra-
tion of QTP and ARI of the CYP3A4 and CYP2D6 enzymes 
may account for the involvement of QTP in the metabo-
lism of ARI to metabolites other than DARI. Moreover, 
as some cases have documented a change in plasma 
concentrations of ARI following its coadministration with 
QTP, decreases in dosages may then be required to avoid 
possible adverse effects or therapeutic failure.24 These 
two reasons may partly explain why the C:D ratio of ARI 
and ARI+DARI significantly decreased while the serum 
concentration of ARI and ARI+DARI remain unchanged 
in the QTP comedication group. Furthermore, factors 
such as sex, age, body mass index, smoking amount, 
comorbidity and administering medication other than 
psychiatric drugs may also affect the serum concentra-
tions. As description of ARI-QTP interaction patterns 
is needed for clinicians,30 more studies are needed to 
explore the mechanism of this interaction.

We did not observe any significant influence of the 
coadministration of CLZ and ARI on serum ARI, DARI 
and ARI+DARI concentrations or the dose-adjusted 
index. These findings are highly consistent with other 
reports.16 17 25 26 CLZ is a dibenzodiazepine derivative 
that has complex hepatic metabolism in humans. In vivo 
and in vitro studies suggest that multiple CYP isoforms, 
mainly CYP1A2 and to a lesser extent CYP3A4, CYP2D6 
and CYP2C19, are involved in the biotransformation of 
CLZ.16 17 25 26 ARI is extensively metabolised by CYP3A4 
and CYP2D6, and many studies have suggested no drug 
interaction between CLZ and ARI.17

We also observed no significant influence of the coad-
ministration of RIP and ARI on serum ARI, DARI and 
ARI+DARI concentrations or dose-adjusted index. These 
observations are similar to those of previous studies. 
However, Waade et al30 found a lower median C:D ratio of 
DARI when ARI was coadministered with RIP injections, 
whereas no significant influence was observed with RIP 
tablets. Therefore, the results observed in our study are 
consistent with Waade’s investigation of RIP tablets but 
are inconsistent with RIP injections; hence, the different 
effects of RIP coadministration on ARI pharmacokinetics 
could be due to differences in potential ARI-RIP interac-
tions between RIP injections and tablets.

Table 5  Factors* related to serum ARI and DARI concentrations in patients with schizophrenia as identified with stepwise 
regression analysis (n=299)

Index In serum ARI concentration In serum DARI concentration

Factor Coefficient t P value Factor Coefficient t P value

Constant 212.31 6.44 <0.001 Constant 83.72 4.82 <0.001

 � Age −0.88 −2.06 0.04  � ARI dose 5.26 7.67 <0.001

 � ARI dose 10.32 7.79 <0.001  �

 � Comedication −39.07 −2.99 0.003  �

*Serum ARI concentration: adjusted R squares of the equation is 0.091 (F=19.99, p<0.001). Serum DARI concentration: adjusted R squares of 
the equation is 0.075 (F=16.30, p<0.001).
ARI, aripiprazole; DARI, dehydroaripiprazole.
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In agreement with the literature, we found that OLZ 
had no impact on ARI metabolism. Uridine diphosphate-
glucuronosyltransferase (UGT) enzymes, including 
UGT1A4, are involved in the metabolism of OLZ. A 
pharmacokinetic interaction between OLZ and ARI is 
unexpected because OLZ is not metabolised by ARI 
enzymes or bound to plasma proteins.16 However, Waade 
et al showed that OLZ had significant impact on the ARI 
metabolic ratio (serum DARI concentration: serum ARI 
concentration), which was approximately 20% lower than 
in controls. Some researchers speculate that an uneluci-
dated ARI metabolic pathway involving UGT enzymes may 
be involved in the observed minor interaction between 
ARI and OLZ.30 Therefore, more studies are warranted to 
explore and confirm this speculation.

The equations used for the multiple linear regression 
analysis showed that SGA comedication, when adminis-
tered in the recommended dose range, influenced only 
the pharmacokinetics of ARI. Age and ARI dose were also 
observed to exert an effect. These findings are consistent 
with the presently observed effect of SGA comedication as 
a whole on the C:D ratio of ARI and ARI+DARI. Thus, this 
study provides information that can be used to inform 
clinicians of the optimal ARI dose and need for come-
dication with SGA for the treatment of Chinese patients 
with schizophrenia.

However, according to these equations, the effect of 
SGA comedication on the serum concentration of ARI 
was minimal. For example, a 30-year-old patient receiving 
ARI monotherapy (ARI dose: 20.0 mg/d) was predicted 
to have a serum ARI concentration of 392.3 ng/ml and 
a serum DARI concentration of 188.9 ng/ml, whereas a 
30-year-old patient receiving ARI (ARI dose: 20 mg/d) 
with SGA comedication was predicted to have a serum 
ARI concentration of 353.2 ng/ml and a serum DARI 
concentration of 188.9 ng/ml. The differences in serum 
ARI and DARI concentrations between patients treated 
with or without SGA comedication were only 39.1 ng/
ml and 0 ng/ml, respectively. Although the effect of SGA 
comedication on serum ARI concentration was statisti-
cally significant, it is unlikely to be clinically significant 
due to the relatively broad therapeutic concentrations 
of ARI (150‒300 ng/ml).11 31 32 Despite the statistical 
significance, the two equations explain only 9.1% and 
7.5% of the variance in serum ARI and DARI concentra-
tions, respectively. Such ARI doses often require adjust-
ment according to the symptoms and clinical indicators 
of different individuals. Furthermore, the observed and 
predicted data were based on a patient population that 
only comprised Chinese inpatients (n=299), and further 
investigations are required to investigate the validity of 
these predictions in other populations.

In this study, we retrospectively measured the serum 
concentrations of ARI and DARI in 299 Chinese inpatients 
with schizophrenia with respect to comedications with 
four SGAs. Our results in patients on ARI monotherapy 
(ARI dose: 20.0 (9.3) mg/d; serum ARI concentration: 
221.6 (130.1‒376.1) ng/ml; serum DARI concentration: 

95.4 (56.1‒166.1) ng/ml) are highly similar to the results 
of Nakamura’s study in Japanese patients (ARI dose: 22.0 
(4.6) mg/d; serum ARI concentration: 273.5 (113.3) 
ng/ml; serum DARI concentration: 123.3 (44.0) ng/ml, 
respectively).31 The ARI dose in our study (20.0 (9.3) 
mg/d) was significantly lower than that in studies by 
Citrome et al28 29 (30 mg/d) in US patients with schizo-
phrenia. The serum concentrations of ARI and DARI 
in our study and studies by Citrome et al28 29 (ARI: 236.7 
(82.1) ng/ml; DARI: 102.1 (25.6) ng/ml) were similar. 
The observed lower ARI dose with similar serum concen-
trations of ARI and DARI in our study may be explained 
by the fact that CYP2D6*10 allele is prevalent in Chinese 
and Japanese populations and plays an important role 
in controlling the serum concentrations of ARI and 
DARI in Asian individuals.15 20 31 The CYP2D6*10 allele 
causes decreased CYP2D6 activity in both ARI and DARI 
metabolism. This may explain why the same ARI dose 
caused higher serum concentrations of ARI and DARI in 
Asian individuals with CYP2D6*10 allele relative to their 
Western counterparts with other CYP2D6 alleles.

In many studies, patients were dosed according to clin-
ical need; all mean ARI doses were within the range of 
15‒20 mg/d, and the majority of serum ARI levels were 
just above the upper limit of the suggested range of 
150‒210 ng/ml. Kirschbaum et al11 32 suggested that the 
target serum concentration range of ARI for efficacy was 
146‒254 ng/ml. A wider efficacy serum ARI concentration 
range (150‒300 ng/ml) is suggested by classic opinion. 
The mean serum ARI concentrations in our study were 
221.6 (130.1‒376.1) ng/ml in the ARI group and 216.8 
(131.3‒328.7) ng/ml in the SGA group, which are both 
very similar to the concentrations used in studies by 
Kirschbaum et al (219 (105‒549) ng/L),11 32 Mallikaarjun 
et al (98‒452 ng/ml),33 and Bachmann et al (142 (123) 
ng/ml).34 The serum ARI concentration range in our 
study falls below the ranges reported by Zuo et al (457.7 
(115.8) ng/ml).35 These results indicated that the ARI 
dose in our study was relatively safe and effective. As 
patients were dosed freely according to clinical decision, 
it may be assumed that doses were titrated for optimal 
efficacy and the avoidance of adverse effects, which would 
provide some support for the efficacy and adverse effects 
of serum concentration ranges.

Of the results yielded by our regression analyses of the 
three factors (age, ARI dose, SGA comedication) affecting 
the serum concentration of ARI, only the ARI dose on 
DARI partly agreed with prior findings.32–34 The discrep-
ancy with the findings of other studies can possibly be 
explained by the different genotypes of ARI-metabolising 
enzymes CYP2D6 or other factors of the patient popu-
lations. However, this cannot be confirmed as we were 
unable to genotype our study sample. Other factors, such 
as body mass index, smoking, comorbidity and adminis-
tering medication other than psychiatric drugs contrib-
uted to the differences as well. Sex was believed by Molden 
to have no relationship with the serum concentration of 
ARI36; this is consistent with our findings that sex has no 
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effect on both serum ARI and DARI concentrations in the 
two equations.

Spearman’s correlation analysis showed the strongest 
correlation between the serum concentrations of ARI 
and DARI. These findings are in line with those of other 
studies, which showed a clear relationship between the 
serum concentrations of ARI and DARI.10 12 In addition, 
evidence shows a strong linear correlation between ARI 
dose and serum concentration of ARI and a similarly 
robust correlation between ARI dose and serum concen-
tration of DARI. This could explain why ARI dose was 
the only factor that affected the serum concentrations of 
both ARI and DARI in our research.

Limitations
There were several limitations in this study, including its 
retrospective study design as well as differences in the 
sample sizes and ratios of men to women between the 
groups. In addition, the severity of schizophrenia, clinical 
profiles and side effects were not included in the anal-
ysis. Although the number of patients included was large, 
and serum concentrations were available, greater statis-
tical power may improve the strength of these findings. 
Future studies can improve on the design of the present 
investigation by employing a prospective study design and 
analysing other factors that may influence serum ARI and 
DARI concentrations, such as CYP polymorphisms, body 
mass index, smoking, comorbidity and administering 
medication other than psychiatric drugs. In addition, 
the number of samples in each group should be approx-
imately the same. Future studies should also measure 
patient outcomes. This would inform research on the 
impact factors of serum ARI and DARI concentrations.

Implications
ARI is a relatively new antipsychotic agent, and there is 
limited clinical information available regarding any rele-
vant drug–drug interactions. Monitoring the serum levels 
of ARI and DARI has been shown to facilitate the assess-
ment of metabolic status, prevent toxicity and optimise 
doses in clinic.

This study found that comedication with SGAs resulted 
in lower C:D ratios of ARI and ARI+DARI compared with 
ARI monotherapy, and comedication with QTP resulted 
in lower C:D ratios of ARI and ARI+DARI than did ARI 
monotherapy. The regression equations defined in this 
study provide a useful method by which clinicians can 
more accurately individualise ARI dose titration schedule 
when comedicating with SGA. This will help to avoid the 
cost and inconvenience of frequently collecting blood 
samples to assess serum ARI concentrations.

Despite this statistical significance of our findings, 
whether the presently observed effect has clinical signif-
icance requires exploration by further research. Never-
theless, the TDM of ARI and its metabolite should 
be emphasised for patients undergoing combination 
therapy, and ARI doses should be adjusted to achieve the 

best and safest therapeutic effect when comedicating with 
SGAs, especially QTP.
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