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Abstract

Background: There are interindividual differences in the adverse effects of atypical antipsychotics, which include
autonomic nervous system (ANS) dysfunction. Accordingly, to clarify the interindividual differences in the adverse
effects of specific atypical antipsychotics in schizophrenia, we investigated the association between ANS dysfunction
and ATP-binding cassette transport sub-family B member 1 (ABCB1) gene polymorphisms in patients with
schizophrenia.

Methods: In total, 233 Japanese patients with schizophrenia participated in this study. All of the participants
received an atypical antipsychotic as monotherapy: 89 participants received risperidone, 69 olanzapine, 48
aripiprazole, and 27 quetiapine. ANS activity was assessed by means of a power spectral analysis of heart rate
variability. Four single nucleotide polymorphisms (SNPs) in ABCB1 (rs1045642, rs1128503, rs2032582, and rs2235048)
were genotyped using the TagMan method.

Results: For aripiprazole, sympathetic and total autonomic nervous activities were significantly lower in the rs1045642
T allele carrier—rs2235048 C allele carrier group than in the rs1045642 non-T allele carrier-rs2235048 non-C allele carrier
group. In addition, in the aripiprazole group, the T-C-T-A haplotype (rs1045642-rs2235048-rs1128503-r52032582) was
associated with decreased ANS activity. However, there were no significant associations between ANS activity and
ABCB1 gene polymorphisms in the risperidone, olanzapine, and quetiapine groups. Multiple regression analysis
revealed that sympathetic and total nervous activities were significantly associated with the ABCBT rs1045642-
rs2235048 genotype and the T-C-T-A haplotype (rs1045642-rs2235048-rs1128503-rs2032582).

Conclusion: We suggest that ABCB1 genetic polymorphisms affect aripiprazole-related ANS dysfunction but
do not affect risperidone-, olanzapine-, or quetiapine-related ANS dysfunction.
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Background

Autonomic nervous system (ANS) activity is lower in
patients with schizophrenia than in the general popula-
tion [1, 2]. In patients with schizophrenia, antipsychotic
medication is known to exacerbate ANS dysfunction
[3-9], and reduced ANS activity is associated with
cardiovascular morbidity and sudden death [10]. We
previously reported that antipsychotic drugs signifi-
cantly decrease ANS activity in a dose-dependent
manner [8] and that risperidone, olanzapine, quetia-
pine, and aripiprazole, all atypical antipsychotics, exert
several effects on ANS activity [11]. We found indi-
vidual differences in ANS activity in patients with
schizophrenia, even among those taking the same
atypical antipsychotic (risperidone, olanzapine, aripipra-
zole, or quetiapine). Thus, in this study, we examined the
pharmacogenetic interindividual differences in the effects
of particular atypical antipsychotics, with an emphasis on
the relationship with the activity of P-glycoprotein (P-gp),
to clarify the individual differences in ANS activity during
atypical antipsychotic—risperidone, olanzapine, quetia-
pine, and aripiprazole—treatment in schizophrenia.

P-gp, which is encoded by ATP-binding cassette trans-
port sub-family B member 1 (ABCB1) and is also known
as multidrug resistance protein 1 (MDR1), is expressed
in various tissues, including the brain, kidney, liver, and
intestine. P-gp functions as an important efflux pump in
the blood-brain barrier for many kinds of drugs, includ-
ing antipsychotics, and influences the brain availability
of antipsychotics by transporting them against a concen-
tration gradient through the blood-brain barrier and
reducing their storage in the brain. Four atypical antipsy-
chotics—risperidone, olanzapine, quetiapine, and aripi-
prazole—are substrates of P-gp [12-14]. Thus, P-gp
activity within the blood-brain barrier in humans may
affect antipsychotic tolerability [13, 14]. In a previous
study, we examined the difference in the effects of these
four atypical antipsychotics on ANS activity in patients
with schizophrenia [11]. Other studies reported that
ABCBI1 gene polymorphisms affect the plasma concen-
trations of antipsychotics [15, 16]. Furthermore, ABCB1
gene polymorphisms affect the treatment response or
adverse effects to antipsychotics such as weight gain or
QTc prolongation [17-22]. We also previously reported
associations of ABCB1 gene polymorphisms with ANS
dysfunction following treatment with aripiprazole in pa-
tients with schizophrenia [23]. However, few studies
have investigated the effects of ABCB1 gene polymor-
phisms on ANS dysfunction due to several other atypical
antipsychotics in schizophrenia.

Accordingly, in this study, we investigated the associ-
ation between ABCBI1 genetic polymorphisms and ANS
dysfunction in patients with schizophrenia treated with
four atypical antipsychotic drugs—risperidone, olanzapine,
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quetiapine, and aripiprazole—to clarify whether ABCB1
genetic polymorphisms alter their adverse effects. We
aimed to identify the biological factors affecting the anti-
psychotic response, specifically ANS dysfunction.

Methods

Participants

This cross-sectional study involved 233 consecutive
Japanese patients with schizophrenia (94 men and 139
women; age [mean +standard deviation], 51.88+
1549 years) who attended Fujisawa Hospital and
Yokohama City University Hospital in Japan. We re-
cruited patients with schizophrenia who had received
risperidone, olanzapine, quetiapine, or aripiprazole
monotherapy for more than 3 months. No antipsychotic
agents had been altered in the preceding 3 months. Partic-
ipants who could not take the antipsychotics as prescribed
and those who had not received hospital treatment for at
least 1 year were excluded. Diagnosis was made by
Japanese board certified psychiatrists with appropriate ex-
perience in clinical psychiatry, based on the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition
criteria [24]. Participants with cardiovascular, respiratory,
neurological, or endocrine illness; those with a current or
past history of substance abuse that affected diagnosis;
and those who were receiving medication for physical
illness were excluded.

We assessed the severity of symptoms using a Japanese
translation of the Positive and Negative Syndrome Scale
(PANSS) [25]. The participants’ positive, negative, and
general signs were evaluated by experienced clinical psy-
chiatrists with the PANSS on the day of electrocardiog-
raphy (ECQG).

Clinical details were obtained from medical records
for all participants. We investigated all psychotropic
medications given, including benzodiazepines, and anti-
psychotic and antiparkinsonian agents. Doses were cal-
culated with the appropriate conversion to the standard
equivalent of chlorpromazine, biperiden, and diazepam
(1 mg chlorpromazine = 0.5 mg clozapine) [26].

This two-center study was conducted in Fujisawa
Hospital and Yokohama City University Hospital in
Japan, with approval by the ethics committee of Fujisawa
Hospital and in accordance with the Declaration of
Helsinki. All participants provided written informed con-
sent to participate in the study.

R-R interval power spectral analysis

To evaluate ANS activity, a computer-assisted measure-
ment of the 5-min resting heart rate variability (HRV)
was performed, as in our previous work [27, 28]. HRV
power spectral analysis can be applied to noninvasively
assess autonomic imbalance by detecting the three major
spectral components of HRV and has been used in basic
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medical science and clinical studies under various psy-
chophysiological conditions. Its reliability, validity, and
practicability have been proven [29-31]. Experiments
were carried out in the mornings between 9:00 am and
12:00 pm. On the morning of the day of measurement,
participants were required to abstain from ingesting caf-
feine or smoking tobacco. ECG was performed with the
patients seated for 5 min after a rest of at least 10-min
beforehand. HRV power spectral analysis uses the fast
Fourier transform algorithm for decomposition of a
series of sequences of R—R intervals acquired from the
5-min ECG into the sum of several sinusoidal functions
of varying amplitudes and frequencies [27, 28, 32-35].
We quantified spectral power in the frequency domain
by calculating the area under the curve in the following
frequency bands, as we have previous reported [27-31]:
low-frequency (LF; 0.03-0.15 Hz) HRYV, indicative of
both sympathetic and parasympathetic activity; high-fre-
quency (HF; 0.15-0.40 Hz) HRYV, indicative of primarily
parasympathetic activity; and total power (TP; 0.03—
0.40 Hz), indicative of total ANS activity [32-34].

DNA extraction, ABCB1 SNP selection, and genotyping
Peripheral blood was collected from all patients, and
DNA was extracted for genotype determination. Four
SNPs—rs1045642, rs1128503, rs2032582, and rs2235048—
were selected from the NCBI dbSNP database. We focused
on these particular SNPs because rs1045642 and rs2032582
have been implicated in marked changes in P-gp expression
and plasma drug levels [36]. Furthermore, these four SNPs
are associated with hyperprolactinemia and other anti-
psychotic drug-related adverse effects [17, 21, 37]. Geno-
type analysis was performed by genomic DNA extraction
from peripheral blood leukocytes using these ABCB1 gene
SNPs (rs1045642, rs1128503, rs2032582, and rs2235048).
Information on the SNPs is shown in Table 1. Analysis of
all SNPs was performed by using TagMan SNP genotyping
assay with the ABI Prism 7900HT Sequence Detection
System [38]. Haplotype frequency was determined by using
the Haploview program (version 4.1).

Statistical analysis

All statistical analyses were carried out with SPSS for
Windows (version 24; SPSS, Chicago, IL). The Student’s
t-test was used to compare the LF, HF, and TP compo-
nents of HRV according to genotype in the two patient

Table 1 The ABCB1 gene and associated polymorphisms

SNP Region Allele
rs1045642 Chr.7: 87509329 T
rs1128503 Chr.7: 87550285 /T
rs2032582 Chr.7: 87531302 G/AT
152235048 Chr.7: 87509195 T/C
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groups. The Student’s t-test was also used to compare
demographic and medication data between the
rs1045642 C-rs2235048 T allele carrier group and the
rs1045642 non-C-rs2235048 non-T allele carrier group.
Using multiple regression analysis, we also assessed the
effects of rs1045642-rs2235048 genotype and clinical
factors on ANS activity. Dependent variables were the
HRYV components LF, HF, and TP; independent variables
that could influence ANS activity were age, body mass
index, PANSS, and ABCBI1 genetic polymorphisms
[11, 39]. Linkage disequilibrium was analyzed using
Haploview software (version 4.1) [40]. HRV spectral
component absolute values were log-transformed be-
fore statistical analysis because of the presence of
skewed data. A value of p <.05 was considered statis-
tically significant.

Results

The demographic and medication data and HRV compo-
nents of all participants are shown in Table 2. There
were 89 participants in the risperidone group (34 men
and 55 women; age [mean + standard deviation], 54.85 +
14.11 years; CPZ [the daily doses of antipsychotic drugs
were converted to an approximate chlorpromazine
equivalent], 397.47 +224.24 mg/day), 69 participants
in the olanzapine group (25 men and 44 women;
51.51 + 15.87 years; 472.46 + 22744 mg/day), 48 partici-
pants in the aripiprazole group (24 men and 24 women;

Table 2 Demographic and medication data and log-transformed
power values of the LF, HF, and TP frequency bands of all participants

All subjects (n=233)

Age (years) 51.88+ 1549
Sex (male/female) 94/139
Inpatient/outpatient 56/177
Duration of illness (years) 2021+ 1444
Smoking (smoker/non-smoker) 17/216

BMI (kg/m?) 2408 + 447
CPZeg® (mg/day) 44440 + 23141
BPDeqP (mg/day) 083+155
DZPeq* (mg/day) 584+871
PANSS total score 7159+ 1555
InLF (ms?) 437+122
InHF (ms?) 3924145
InTotal Power (ms?) 499+1.21

Data are presented as the mean + standard deviation

BMI body mass index, PANSS Positive and Negative Syndrome Scale, In natural
log-transformed, HF high frequency, LF low frequency, TP total power

*The daily doses of antipsychotic drugs were converted to an approximate
chlorpromazine equivalent

PThe daily doses of anticholinergic antiparkinsonian drugs were converted to
an approximate biperiden equivalent

“The daily doses of benzodiazepine were converted to an approximate

diazepam equivalent
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45.13 + 13.78 years; 465.10 + 191.14 mg/day), and 27 par-
ticipants in the quetiapine group (11 men and 16 women;
55.07 + 18.44 vyears; 490.63+306.11 mg/day). Table 3
shows the genotypic and allelic frequencies of the four
polymorphisms and the HRV in each atypical anti-
psychotic group. Significant deviation from the expected
Hardy—Weinberg proportions were not seen in any of the
SNPs. Haplotype analysis revealed perfect linkage disequi-
librium between ABCB1 rs1045642 and rs2235048 (r° =
1). The aripiprazole group had significantly lower HRV LF
and TP components in the rs1045642 T allele carrier—
rs2235048 C allele carrier group versus the rs1045642
non-T allele carrier—rs2235048 non-C allele carrier group
(LE, p=.008; TP, p=.017; Table 3). These patients also
showed a tendency toward a lower HRV HF component
in the rs1045642 T allele carrier—rs2235048 C allele car-
rier group versus the rs1045642 non-T allele carrier—
rs2235048 non-C allele carrier group (p=.097). There
were no significant differences between all components of
HRV and the ABCBI1 gene polymorphisms—rs1045642,
rs1128503, rs2032582, and rs2235048—in the risperidone,
olanzapine, and quetiapine groups. In addition, re-
garding the association between haplotypes and ANS
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activity, T-C-T-A haplotype carriers (rs1045642-rs2235048-
rs1128503-rs2032582) had significantly lower HRV compo-
nents versus the non-T-C-T-A haplotype carriers in the
aripiprazole group (LE, p = .005; HE, p = .036; TP, p = .008).
Table 4 shows the demographic and medication data of
both the rs1045642 T allele carrier—rs2235048 C allele car-
rier group and the rs1045642 non-T allele carrier—
1rs2235048 non-C allele carrier group in the aripiprazole
group. There were no significant differences in age, sex,
PANSS total score, and medication data among the groups.

Multiple regression analysis revealed a significant
association between the LF and TP components of
HRV and the ABCB1 rs1045642-rs2235048 genotype
(LF, p=.009; TP, p=.024; Table 5) after adjustment
for age, which affects HRV [11]. There were no sig-
nificant associations of all components of HRV with
BMI or PANSS in the multiple regression analysis.
Regarding the aripiprazole group, a significant asso-
ciation was found between the HRV LF and TP
components and the T-C-T-A haplotype (rs1045642-
rs2235048-rs1128503-rs2032582) (LF, p=.003; TP, p
=.010); the HRV HF component showed a tendency
for an association with the T-C-T-A haplotype

Table 3 Associations between the ABCB1 genotype and ANS activity

151045642 rs1128503 rs2032582 rs2235048
c/C T T P /T T, C/C P G/G G/AT P /T cC aT P
AT/AT
Risperidone (n = 89)
N 31 58 37 52 14 75 31 58
InLF (ms?) 4384116 451+125 629 440+115 451+120 693 459+102 444+126 675 438+1.16 451+125 629
InHF (ms?)  394+138 399+168 881 402+162 394+155 831 4354116 3914163 339 394+138 399+168 .881
INTP (ms?) 5004113 510+£131 721 5054129 508+123 898 526+096 503+126 529 500+1.13 510+131 721
Olanzapine (n =69)
N 20 49 35 34 15 54 20 49
InLF (ms2)  415+£122 440+£109 421 441+£102 422+123 489 419+106 436+1.15 605 415+122 440+£1.09 421
INnHF (ms2)  392+123 398+1.12 851 398+105 395+125 926 382+148 400+104 581 392+123 398+1.12 851
INTP (ms2)  488+1.05 505£093 511 506+090 495+105 630 489+107 504+095 601 488+105 505+093 511
Aripiprazole (n =48)
N 17 31 17 31 9 39 17 31
InLF (ms?) 5254093 430+123 008 453+138 469+113 665 514+121 4524120 168 525+093 430+123 008"
INHF (Mms?) 4614140 387+147 097 440+113 399+151 372 461+151 402+147 287 461+140 387+147 097
INTP (ms?) 5794105 490+125 017° 5264135 519+121 851 569+129 5104123 211 579+105 490+125 017°
Quetiapine (n=27)
N 5 22 14 13 2 25 5 22
InLF (ms?) 3854147 367+130 790 337+131 407+125 170 418+097 367+134 602 385+147 367+130 .790
INHF (ms?) 4604164 309+157 237 314171 341152 672 5204027 311+156 075 460+164 309+157 237
INTP (ms?) 4704152 4214138 486 402+149 461+126 350 553+046 420+139 199 470+152 421+138 486

Data are presented as the mean + standard deviation
In natural log-transformed, HF high frequency, LF low frequency, TP total power

Significant difference (P <.05; Student’s t-test)
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Table 4 Demographic and medication data between the
rs1045642 C-rs2235048 T allele carrier group and the rs1045642
Non-C-rs2235048 Non-T allele carrier group in participants treated
with aripiprazole monotherapy

rs1045642 T/T, C/T

rs1045642 C/C P

rs2235048 C/C, C/T  rs2235048 T/T
Age (years) 46.74 £ 14.03 4218 £ 13.21 277
BMI (kg/mz) 2541 £ 532 2443 + 443 625
PANSS total score 7132 + 1533 7282 +17.83 761
Disease duration (years)  16.10 + 13.34 16.94 + 10.66 823
CPZeg® (mg/day) 44597 + 21037 500.00 = 14948 354
BPDeq® (mg/day) 1134278 047 + 087 348
DZPeqC (mg/day) 393 + 547 6.89 + 7.50 124

Data are presented as the mean * standard deviation

BMI body mass index, PANSS Positive and Negative Syndrome Scale

*The daily doses of antipsychotic drugs were converted to an approximate
chlorpromazine equivalent

PThe daily doses of anticholinergic antiparkinsonian drugs were converted to
an approximate biperiden equivalent

“The daily doses of benzodiazepine were converted to an approximate
diazepam equivalent

(rs1045642-rs2235048-rs1128503-rs2032582) (p =.067) in
the multiple regression analysis.

Discussion

To our knowledge, this study is the first in which the as-
sociations between ABCB1 gene polymorphisms—
rs1045642, rs1128503, rs2032582, and rs2235048—and
adverse effects, specifically ANS dysfunction, in patients
with schizophrenia were compared among atypical anti-
psychotics. We newly found differences in ANS dysfunc-
tion according to ABCB1 genetic polymorphism in
schizophrenic patients treated with aripiprazole. On the
other hand, there were no significant differences in ANS
dysfunction according to ABCB1 genetic polymorphism
in schizophrenic patients treated with risperidone, olan-
zapine, or quetiapine. In terms of ABCB1 rs104542 and
rs2235048, the rs1045642 T allele carrier-rs2235048 C
allele carrier group had significantly lower LF and TP
components of HRV compared with the rs1045642
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non-T allele carrier-rs2235048 non-C allele carrier
group in the aripiprazole group. This implies an association
of the T allele of rs1045642 and the C allele of rs2235048
with reduced sympathetic activity in aripiprazole-treated
schizophrenia patients.

ABCBI1 rs1045642 at position 3435 on exon 26 does
not alter the amino acid sequence [41] but is associated
with changes in the expression of P-gp [36, 42]. The
rs1045642 T variant is linked to decreased intestinal ex-
pression of MDR1 and lower plasma levels of digoxin,
which is a substrate of P-gp [36, 42]. Additionally,
ABCBI rs1045642 and rs2032582 affect plasma aripipra-
zole levels [43]. Systemic pharmacological inhibition of
ABCBI also results in elevated brain levels of nelfinavir,
the ABCB1 substrate, even with only marginal changes
in plasma levels [44]. In addition, ABCB1 polymor-
phisms have been found to be associated with an in-
creased concentration of the drug in the cerebrospinal
fluid [45]. Regarding a clinical study of adverse effects
related to rs1045642, Suzuki et al. reported that the QT
interval was significantly longer in patients with schizo-
phrenia treated with risperidone with the rs1045642 T
allele than in those with the rs1045642 non-T allele [20].
Accordingly, we believe that the rs1045642 T variant
might also alter the brain levels of aripiprazole and cen-
trally affect sympathetic activity in schizophrenic pa-
tients treated with aripiprazole, although this is a matter
of speculation.

ABCBI1 rs2235048 is localized to the 27th intron of
the 3" end of the gene and, although it is a synonymous
SNP, it may influence the structure of P-gp [46]. ABCB1
rs2235048 has been associated with the efficacy of
risperidone and paliperidone in schizophrenia [37].
However, there are no other studies regarding the asso-
ciation between rs2235048 and the antipsychotic re-
sponse in schizophrenia.

rs2235048 and rs1045642 are less than 200 bp apart
and showed complete linkage disequilibrium in the pa-
tients in this study. In fact, a previous study reported
that the T > C polymorphism of rs2235048 is associated

Table 5 Multiple regression analysis results using ANS activity, age, body mass index, PANSS, and type of ABCB1 rs1045642-rs22235048
genotype as independent variables in participants treated with aripiprazole monotherapy

Independent variable ANS activity

InLF InHF InTP

B P B 2 B P
Age (years) —-.043 <001° -037 018° -0410 001°
BMI (kg/m?) 042 145 026 534 0348 277
PANSS (total score) -.001 925 -014 253 —-.006 494
Type of rs1045642-rs2235048 genotype 798 .009° 618 148 745 024°

(reference category: T/C allele carrier)

ANS autonomic nervous system, BMI body mass index; In natural log-transformed, HF high frequency, LF low frequency, PANSS Positive and Negative Syndrome

Scale, TP total power
Significant difference (P <.05; multiple regression analysis)
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with low activity of the T allele at rs1045642 [47]. A
low-activity T allele at rs1045642 reduces ABCBI1
splicing efficiency, which would lower the rate of pro-
duction of correctly spliced RNA, and hence P-gp, in
low-activity T homozygotes [36]. We suggest that
rs2235048 affects ANS activity by altering the activity of
P-gp, particularly in rs1045642 individuals.

Kirschbaum et al. reported that the significant increase
in the brain-to-serum concentrations of both aripipra-
zole and its metabolite dehydroaripiprazole, in particular,
after their acute and subchronic administration was re-
lated to the expression of P-gp, as indicated by higher
levels in ABCBlab double knockout mice [13]. In
addition, Nagasaka et al. reported that aripiprazole and
dehydroaripiprazole have higher inhibition potencies for
P-gp activity than risperidone, paliperidone, olanzapine,
and ziprasidone [48]. Rafaniello et al. reported that
ABCBI genetic polymorphisms affected plasma aripipra-
zole levels [43]. On the other hand, no associations have
been reported between ABCB1 polymorphisms, including
rs1128503, rs2032582, and rs1045642, and plasma levels
of quetiapine, risperidone, and 9-hydroxyrisperidone
[49, 50]. In addition, olanzapine has lower affinity for
P-gp than risperidone or quetiapine [12]. Thus, the toler-
ability and response of aripiprazole could be more strongly
affected by ABCB1 gene polymorphisms than those of the
other atypical antipsychotics, and ABCB1 gene polymor-
phisms were only associated with aripiprazole-related
ANS activity and not with risperidone-, olanzapine-, or
quetiapine-related ANS activity.

In this study, there were significant associations be-
tween the ABCB1 haplotype and aripiprazole-related
ANS activity. In schizophrenic patients treated with ari-
piprazole, the T-C-T-A haplotype (rs1045642-rs2235048-
rs1128503-rs2032582) was linked to reduced ANS activ-
ity. Previous studies reported that inhibition potency to
P-gp was significantly different between ABCB1 T-T-A
haplotype (rs1045642-rs1128503-rs2032582) carriers and
ABCBI1 haplotype non-carriers during treatment with
methadone, which is a substrate of P-gp [51]. In
addition, tremor due to antipsychotics significantly dif-
fered between C-G-C haplotype carriers (rs1045642-
rs20325820-rs1128503) and non-carriers [37]. The blood
prolactin increase due to antipsychotics was also signifi-
cantly associated with ABCB1 T-A-T haplotype carriers
(rs1045642-rs20325820-rs1128503) [37]. Therefore, we
believe that the ABCB1 haplotype might affect P-gp ac-
tivity and drug response to a greater extent than a single
ABCB1 gene polymorphism. Thus, the ABCB1 haplo-
type could affect aripiprazole brain availability and the
aripiprazole response, including ANS activity.

There were no significant differences in the demographic
data, symptom severity by PANSS, and medication data be-
tween the rs1045642 T allele carrier—rs2235048 C allele
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carrier group and the rs1045642 non-T allele carrier—
1s2235048 non-C allele carrier group for the patients re-
ceiving aripiprazole. In addition, multiple regression ana-
lysis revealed that sympathetic and total nervous system
activity was significantly associated with the ABCBI1
rs1045642-1s2235048 genotype and the ACBC1 T-C-T-A
haplotype. Although multiple regression analysis also re-
vealed an association between age and both sympathetic
and parasympathetic nervous system activity, there was no
significant difference in age between the ABCB1 rs1045642
T allele carrier—rs2235048 C allele carrier and rs1045642
non-C allele carrier—rs2235048 non-T allele carrier groups,
as mentioned above.

Our study has some limitations. Casual relationships
could not be determined due to the cross-sectional design.
The sample size was small, particularly that of the quetia-
pine group. We could not investigate the serum and brain
concentrations of the antipsychotics. Although all partici-
pants received antipsychotic monotherapy, we did not elim-
inate the effects of other classes of medications that might
influence ANS activity. In addition, we did not investigate
QTc interval prolongation, and future studies should clarify
the association between ANS dysfunction and QTc interval
prolongation related to ABCB1 gene polymorphisms.
Because it remains unclear whether ANS activity induces
cardiovascular events, we need to follow and monitor the
course of ABCBI rs1045642 T allele carriers—rs2235048 C
allele carriers who are under treatment with aripiprazole.

Conclusions

In conclusion, our findings indicate that ABCB1 genetic
polymorphisms affect aripiprazole-related ANS activity
but do not affect risperidone-, olanzapine-, or quetiapine-
related ANS activity. We suggest that the ABCBI1
rs1045642 T allele and rs2235048 C allele decrease sympa-
thetic and total nervous activity system in patients with
schizophrenia treated with aripiprazole and that ABCB1
rs1045642 and rs2235048 and the ABCBI1 haplotype
(rs1045642-rs2235048-rs1128503-rs2032582) could affect
the tolerability of aripiprazole and aripiprazole-induced
ANS dysfunction. Our results suggest that clinicians
should bear in mind a higher risk of ANS dysfunction in
patients with schizophrenia who are ABCB1 rs1045642 T
allele carriers and rs2235048 C allele carriers and under
aripiprazole treatment. Studies with a larger sample size
are necessary to elucidate the effects of antipsychotics on
ANS activity in schizophrenic patients.
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