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Abstract

It has long been known that antipsychotic drugs (ATP) causes tachycardia, however details
such as the differences between ATP are not well known. In recent years, the relationship
between the rise in resting heart rate (RHR) and the increased risk of death in the general
population has been garnering attention. In this study, we examined the difference in action
on RHR between olanzapine (OLZ) and aripiprazole (ARP). The changes in the RHR on
switching from OLZ to ARP and on increasing from the starting OLZ dose to the final one
were evaluated in 19 outpatients (Study 1) and in 29 outpatients with schizophrenia (Study
2), respectively. To analyze the RHR, electrocardiographic measurements were obtained.
At the same day, the Brief Psychiatric Rating Scale (BPRS) was evaluated, and fasting
blood samples were drawn after an overnight fast of at least 8 h to examine electrolytes.
Both Study 1 and 2 were conducted with the approval of the Gene Ethics Committee of Nii-
gata University Graduate School of Medical and Dental Sciences, and the patients were
treated at the outpatient psychiatric clinic at Niigata University Medical and Dental Hospital.
All patients had been diagnosed with schizophrenia based on the DSM-IV-TR. In the Study
1, OLZ of 14.6 + 9.2mg (mean * standard deviation) was switched to ARP of 20.8 + 8.1mg.
Significant decreases were observed in the mean RHR after the switch to ARP (73.7 £9.7
vs 65.8 £ 10.9 beats/min, p = 0.008). In the Study 2, the starting OLZ dose was 7.2 + 3.2mg
and the increasing OLZ dose was 18.3 + 7.4mg. Significant increases were observed in the
mean RHR after increasing OLZ (69.7 + 14.0 vs 75.6 £ 14.3 beats/min, p = 0.004). In this
study, it was shown that OLZ has a stronger RHR enhancing effect compared to ARP and
its effects are dose-dependent. If the increase in RHR increases the mortality rate of
patients with schizophrenia, it may be necessary to further investigate the differences
between ATP in terms of the effect on RHR of second-generation antipsychotics with a
strong anticholinergic action or phenothiazine antipsychotics.

Introduction

The average lifespan of patients with schizophrenia is short, a fact believed to be attributed to
cardiovascular diseases partly due to the side effects of antipsychotic drugs (ATP) [1]. As a side
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effect of ATP for the circulatory system, much attention has been paid to the prolongation of
electrocardiogram QT. However, while it has long been known that ATP causes tachycardia
by blocking the muscarinic receptors present in the sinoatrial node or adrenaline a1 receptors,
and details such as the differences between drugs are not well known. In recent years, the rela-
tionship between the rise in resting heart rate (RHR) and the increased risk of death in the gen-
eral population has been garnering attention [2]. The median RHR in large-scale studies
involving the general population was reported to be 68 in females and 66 in men [3]. It has
also been reported that the risk of sudden cardiac death rises as RHR increases, along with the
fact that while the occurrence rate of sudden cardiac deaths among the group with a RHR of
65 beats per minute or less is 1.1, the relative risk rises 5-fold or more among the group with a
RHR of 80 beats/minute or more [4]. It was also reported that the high RHR was related to
sudden cardiac death even in men without ischemic heart disease [5]. In addition, recent study
showed that high RHR affects SCD even after adjusting the effects of left ventricular systolic
dysfunction and drugs causing tachycardia such as 2-blocker and digoxin [6]. Of course,
digoxin was also risk of independent SCD, but this study has not considered any other drugs
such as ATP [6]. If ATP increase RHR, then this can be significantly problematic.

Although both olanzapine (OLZ) and aripiprazole (ARP) are widely used in the treatment
of schizophrenia, the blocking actions thereof for adrenaline o, receptors and muscarinic
receptors differ. In particular, OLZ has stronger muscarinic receptor blocking action com-
pared to ARP. Therefore, in this study, we examined the difference in action on RHR between
OLZ and ARP, and investigated whether the effects of OLZ on RHR are dose dependent.

Materials and methods
Study 1

Study 1 was conducted in 19 outpatients between 18 and 60 years of age who had received a
stable dose of OLZ monotherapy for >3 months for the treatment of schizophrenia based on
the Diagnostic and Statistical Manual of Mental Disorders 4th edition text revision (DSM-
IV-TR). Patients who did not obtain further improvement of symptoms by OLZ treatment
were replaced with aripiprazole at the discretion of each clinical physicians. Each patient’s con-
dition at entry had to be stable for inclusion in the study (i.e. no significant improvement or
worsening of symptoms within the past 3 months). Patients did not have internal medical dis-
orders that could affect heart rate, such as arrhythmia, heart disorder, endocrine disorder etc.
Patients did not take any medications for medical disease. In addition, the patients did not
take psychotropic medications such as antiparkinsonian and benzodiazepine agents. There
was no change in the exercise volume, amount of smoking, daily meal during this study
period.

At baseline, the Brief Psychiatric Rating Scale (BPRS) was evaluated, and fasting blood sam-
ples were drawn after an overnight fast of at least 8 h to examine electrolytes. The serum analy-
ses were performed by standard methods (SRL, Inc., Tokyo, Japan). Electrocardiographic
measurements were also obtained between 9:00 and 10:00 a.m. the same day. Following the
baseline assessments, OLZ was switched to ARP at a starting dose of 6 mg/day while OLZ was
tapered over 6 weeks. Clinical physicians of each patients decided the ARP treatment dose
according to patient’s condition for further improvement of clinical symptoms, respectively.

When the clinician confirmed no significant changing of symptoms with a stable dose of
ARP for >3 weeks (endpoint), the same evaluations were conducted. All 19 patients who had
been treated with OLZ were successfully switched from OLZ to ARP, and the duration of ARP
treatment (from baseline to endpoint) was 12.5 + 10.5 weeks (mean + standard deviation
(SD).
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Study2

Study 2 was conducted in 29 outpatients who had been diagnosed with schizophrenia based
on the DSM-IV-TR. All of the participants had been on a stable dose of OLZ monotherapy
(starting dose) for >2 months. In Study2, patients who were not able to improve clinical symp-
toms any further by treatment with the same dose of OLZ were selected as subjects at the dis-
cretion of each clinical physicians. Patients did not have internal medical disorders that could
affect heart rate, such as arrhythmia, heart disorder, endocrine disorder, etc. Patients did not
take any medications for medical disease. In addition, the patients did not take psychotropic
medications such as antiparkinsonian and benzodiazepine agents. There was no change in the
exercise volume, amount of smoking, daily meal during this study period.

At baseline, the BPRS was evaluated, and fasting blood samples were drawn after an over-
night fast of at least 8 h to examine electrolytes. Electrocardiographic measurements were also
obtained between 9:00 and 10:00 a.m. the same day. Following the baseline assessments, the
dose of OLZ was increased for further improvement of symptom. Clinical physicians of each
patients decided the treatment dose according to patient’s condition, respectively. The OLZ
dose was adjusted differently for each patient based on clinical judgments. When the clinician
confirmed no significant worsening of symptoms with a stable dose of OLZ (increased dose)
for >3 weeks (endpoint), the same evaluations were conducted. All 29 patients who had been
treated with OLZ were successfully switched from the starting dose to the increased dose.

A paired t-test was performed to evaluate the changes in the clinical and biochemical
parameters on switching from OLZ to ARP (Study1) or on increasing from the starting OLZ
dose to the final one (Study2). The SPSS software program, ver. 21.0 (IBM Japan, Ltd., Tokyo,
Japan), was used for statistical analyses.

Both Study 1 and 2 were conducted with the approval of the Gene Ethics Committee of Nii-
gata University Graduate School of Medical and Dental Sciences, and the patients were treated
at the outpatient psychiatric clinic at Niigata University Medical and Dental Hospital. All
patients were provided with thorough explanations of the experimental procedure prior to
obtaining their written consent.

Results
Study 1

The clinical characteristics of the patients are shown in Table 1. The changes in the clinical and
biochemical parameters after switching from OLZ to ARP are shown in Table 2. Significant
decreases were observed in the mean body weight and RHR. In addition, no correlation was
found between body weight and RHR, and it was found that body weight did not affect RHR
in multiple regression analysis.

Table 1. Sample description of studyl.

Variables

Mean + SD age (years) 30.2+11.7
Male/female (n) 7/12
Mean + SD duration of illness (years) 8.6+9.3
Smoker/non-smoker (n) 6/13
Inpatients/outpatients (n) 6/13

SD = standard deviation

https://doi.org/10.1371/journal.pone.0199922.t001
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Table 2. Changes in resting heart rate and clinical parameters in switching from olanzapine to aripiprazole treatment.

Dose (mg)

Chlorpromazine equivalent doses (mg)

BPRS
Body weight (kg)
Waist (cm)

Electrolyte (mEq/L)

Na
K
Cl
Mg

Resting heart rate (beats/minute)
Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

All values are expressed as mean + SD.

Olanzapine treatment Aripiprazole treatment P value
14.6 £9.2 20.8 £8.1
552.6 + 374.7 521.1 £202.3 n.s.
27.7+8.0 26.5+7.2 n.s.
62.5+13.5 59.6 + 13.3 0.025
80.7 +12.5 781+ 144 n.s.
140.3 £ 1.7 140.1 £ 1.7 n.s.
4.1+0.3 42+0.3 n.s.
1043+1.8 103.7+ 1.9 In.s.
23+0.1 23+0.2 I.s.
73.7+9.7 65.8 +£10.9 0.008
112.5+15.2 112.5+12.9 n.s.
71.7+£9.1 67.2 +£20.1 n.s.

Abbreviations: BPRS = Brief Psychiatric Rating Scale.

https://doi.org/10.1371/journal.pone.0199922.t1002

Study 2

The clinical characteristics of the patients are shown in Table 3. The changes in the clinical and
biochemical parameters after increasing from the starting OLZ dose to the final one are shown
in Table 4. Significant decreases were observed in the BPRS score, and significant increases
were observed in the BMI and RHR. We did not find any associations between baseline/
change in/ endpoint resting heart rate and olanzapine dose. It was also found that body weight
and BPRS did not affect RHR in multiple regression analysis.

Discussion

In this study, it was shown that OLZ has a stronger RHR enhancing effect compared to ARP
and its effects are dose-dependent.

Although side effects of increasing in resting heart rate by ATP drug have been reported so
far, details were unknown. To our knowledge, this study is the first of its kind showing the dif-
ferences between ATP drugs in terms of their effects on enhancing RHR. The Ki values related
to the receptor binding ability of OLZ and ARP were 19 and 57 nM, respectively, for adrenalin
o, receptors, indicating no significant difference; however, for muscarinic M, receptors, the
values were 1.9 and 10000 nM or more, respectively, indicating a significant difference [7-8].
From the above, the RHR enhancing effect of OLZ is thought to be caused by the stronger
blocking effect of muscarinic receptors existing in the sinoatrial node of the heart compared to
ARP. The o receptor blocking effect causes a decrease in blood pressure and the reactivity

Table 3. Sample description of Study2.

Variables

Mean + SD age (years) 26.7+£9.5
Male/female (n) 14/15
Smoker/non-smoker (n) 8/21

SD = standard deviation

https://doi.org/10.1371/journal.pone.0199922.t1003
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Table 4. Changes in resting heart rate and clinical parameters in switching from starting-dose to increased-dose olanzapine treatment.

Starting-dose treatment Increased-dose treatment P value

Dose (mg) 72+32 183+7.4 P < 0.001
BPRS 29.1+7.3 23.4%55 0.004
Body weight (kg) 596 +11.6 64.5+12.8 0.001
Waist (cm) 79.1+8.5 83.2+14.2 n.s.
Electrolyte (mEq/L)

Na 140.0 +1.7 140.5 + 1.8 n.s.

K 42+0.3 42+0.2 n.s.

Cl 102.9 +2.8 104.3 + 1.9 n.s.

Mg 2.3+0.1 22+0.2 n.s.
Resting heart rate (beats/minute) 69.7 £ 14.0 75.6 £ 14.3 0.004
Systolic blood pressure (mmHg) 115.5+13.9 119.7 + 20.6 ns.
Diastolic blood pressure (mmHg) 72.6 £10.8 79.5 £ 15.1 ns.

All values are expressed as mean + SD.
Abbreviations: BPRS = Brief Psychiatric Rating Scale.

https://doi.org/10.1371/journal.pone.0199922.t1004

thereof may also result in a rise in heart rate. However, the potential for this is believed to be
low. As evidence, in this study, before and after replacing ARP with OLZ (Table 2) as well as
before and after changing the OLZ dose from low to high (Table 4), the systolic/diastolic blood
pressure did not change.

There were studies that heart rate has increased as people gain weight [9-10]. Conversely,
recent study showed that the presence or absence of obesity did not affect RHR in patients with
schizophrenia [11]. In any case, the change in body weight did not affect RHR in this study.

Until now, studies using power spectrum analysis of heart rate variation as an indicator of
autonomic nervous function have shown that ATP lower the function of both the sympathetic
and parasympathetic nerves of schizophrenia patients [12]. According to these studies, heart
rate and electrocardiogram RR fluctuations, along with heart rate and high-frequency content,
which is considered to be an indicator of parasympathetic nervous activity, are negatively
correlated [13]. These effects are reported to be particularly strong in ATP with strong anticho-
linergic action [14] as well as ATP at high doses [15]. In particular, clozapine with strong anti-
cholinergic action has been shown to reduce parasympathetic nervous activity and increase
RHR [16]. The results of this study, that the administration of OLZ, with strong anticholiner-
gic action as clozapine, increased more RHR than ARP administration, support the result that
until now autonomic nervous activity has been decreased by the administration of ATP.

However, limitation of this study is small sample size. Further study using a larger sample
size should be needed.

Up to now, no attention has been paid to the effects of raising the heart rate using ATP.

If the increase in RHR increases the mortality rate of patients with schizophrenia, it may be
necessary to further investigate the differences between ATP in terms of the effect on RHR of
second-generation antipsychotics with a strong anticholinergic action or phenothiazine
antipsychotics.
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