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Objectives: To assess the effect of 25 or 50 mg mirabegron on cardiovascular end-

points and adverse drug reactions in real-world Japanese patients with overactive

bladder and cardiovascular disease.

Methods: Participants had overactive bladder, a history of/coexisting cardiovascular

disease and a 12-lead electrocardiogram carried out ≤7 days before initiating 4 weeks of

mirabegron treatment. Patients with “serious cardiovascular disease” (class III or IV on

the New York Heart Association functional classification and further confirmed by expert

analysis) were excluded. Patient demographics, physical characteristics and

cardiovascular history were recorded. After 4 weeks, patients underwent another

electrocardiogram. Incidence of cardiovascular adverse drug reactions and change from

baseline in electrocardiogram parameters (RR, PR, QRS intervals, Fridericia’s corrected

QT and heart rate) were assessed.

Results: Of 316 patients registered, 236 met criteria and had baseline/post-dose

electrocardiograms: 61.9% male; 60.2% aged ≥75 years; 93.6% with coexisting

cardiovascular disease, notably, arrhythmia (67.8%) and angina pectoris (19.1%). Starting

mirabegron daily doses were 25 mg (19.9%) or 50 mg (80.1%). The incidence of

cardiovascular adverse drug reactions was 5.51%. After 4 weeks, the mean heart rate

increased by 1.24 b.p.m. (statistically significant, but clinically acceptable as per previous

trials). No significant changes were observed in PR, QRS or Fridericia’s corrected QT. No

significant correlations in the total population or age-/sex-segregated subgroups were

observed between baseline Fridericia’s corrected QT and change at 4 weeks. No

correlation for heart rate versus change from baseline heart rate with treatment was

observed.

Conclusions: Mirabegron was well tolerated in real-world Japanese patients with

overactive bladder and coexisting cardiovascular disease. No unexpected cardiovascular

safety concerns were observed.

Key words: b3-adrenoceptor agonist, cardiovascular safety, mirabegron, overactive

bladder, post-marketing survey.

Introduction

OAB is a symptom complex defined by urinary urgency that is usually accompanied by uri-
nary frequency and nocturia, but may or may not be accompanied by urgency incontinence.1

OAB is a chronic condition thought to affect over 400 million people worldwide and its
prevalence increases with age.2–4 In Japan, it is estimated that 12.5% of the population over
the age of 40 years experience the symptoms of OAB.5 Antimuscarinic agents are the most
commonly prescribed therapeutic agents for treatment of OAB, but bothersome side-effects,
such as dry-mouth and constipation, result in low patient adherence.6,7 Mirabegron, the first
b3-adrenoceptor agonist for the treatment of OAB, was approved in 2011 in Japan, and has
since been approved in the USA, Canada and Europe. Mirabegron works through a different
mechanism than antimuscarinic agents, and is thought to alleviate OAB symptoms by trigger-
ing b3-adrenoceptor-dependent relaxation of the bladder detrusor muscle, thus increasing blad-
der capacity.8 In OAB clinical trials of up to 12 months, mirabegron appeared to be well
tolerated, and patients experienced fewer undesirable adverse effects commonly associated
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with antimuscarinic agent treatment.9 In addition, mirabegron
is an alternative for patients for whom antimuscarinic agents
are contraindicated or not tolerated.10

Of the three subtypes of b-adrenoceptors (b1, b2 and b3),
the b3-adrenoceptor is the predominant subtype in human
bladder tissue.11–13 Subtypes of b-adrenoceptors are also pre-
sent in smooth muscle of the CV system, and in the heart
where b1- and b2-adrenoceptors are known to be involved in
regulating contraction strength and HR.14 Despite the fact
that in vitro mirabegron has been shown to have a 150-fold
and 33-fold greater affinity for b3-adrenoceptors over the b1-
and b2-adrenoceptor subtypes, respectively, and that no func-
tional agonism has been observed for the b1- and b2-adreno-
ceptor subtypes at concentrations at least 21-fold greater than
those observed clinically, there has been concern that mirabe-
gron might have undesirable effects on the CV system.4 As a
result, CV-related events have been closely monitored during
clinical development. A thorough QT/QTc study of healthy
volunteers revealed a tendency to prolonged QTc in female
patients at supratherapeutic doses of mirabegron (200 mg
daily).15 In subsequent phase III clinical trials, mirabegron
was well tolerated and although no serious CV adverse
events were observed, small, statistically significant increases
in HR (1 b.p.m.) that were reversed on discontinuation of
treatment were reported.16,17 The increase in HR is consid-
ered clinically acceptable; however, current packaging inserts
in Japan recommend caution in administering mirabegron to
patients with OAB and known CV disease.

In a real-world clinical setting, patients likely to be pre-
scribed mirabegron might be elderly, with greater likelihood
of having CV comorbidities.18 A recent large-scale mirabe-
gron drug-use study in Japan showed that 6.9% (674 of
9795) of patients receiving mirabegron for OAB had con-
comitant CV disease (study NCT01919047, publication in
preparation). As patients with CV disease or QTc prolonga-
tion are typically excluded from clinical trials, the survey pre-
sented here was designed to examine CV end-points, and the
incidence of CV-related events in patients with OAB receiv-
ing mirabegron treatment and who have either a history of or
concomitant CV disease.

Methods

This post-marketing study was designed as an open-label,
prospective, non-comparative, non-interventional observa-
tional study. The study protocol was approved by the
MHLW, was carried out in accordance with the standards for
GPSP provided by the MHLW in Japan, and was registered
with Clinical Trials.Gov (NCT02570035).

Survey methods and participants

Eligible patients were males or females with OAB, who had
recently been prescribed mirabegron (25 or 50 mg daily) by
their attending physician; who had either current, or a history
of, mild-to-moderate CV disease; and who had a baseline 12-
lead ECG carried out within the 7 days preceding the start of
mirabegron treatment (including the treatment start date).
Each patient was registered by the relevant physician at a

registration center within 14 days after the start of mirabe-
gron treatment (not including the treatment start date). The
physicians used a prespecified survey sheet to record regis-
tered patient data after completion of the observation period
or at treatment discontinuation. The observation period was
4 weeks from the start of mirabegron treatment.

Assessments

Patient information recorded included inpatient/outpatient sta-
tus at the start of mirabegron treatment, reason for use, dura-
tion of OAB, history of surgery (coronary artery bypass
grafting, percutaneous coronary revascularization etc.), con-
current CV disease, history of CV disease, concurrent non-
CV disease, hepatic and renal function, and whether female
patients were pregnant or lactating at the start of treatment
(including the observation period). Severity of CV disease
was assessed by the patient’s attending physician according
to the New York Heart Association functional classification.19

Severe CV disease was considered to be class III or IV,
which was further confirmed by expert analysis. Daily dose
and frequency of mirabegron use was recorded, as was con-
comitant and prior (within 1 month of start of mirabegron
treatment) drug use.

Selection of ECG parameters was based on their potential
to be altered by pharmacological interactions with the ionic
channels (including sodium, calcium and potassium) of
myocardial cells, and included HR, RR, PR, QRS and QT
intervals, with the corrected QT interval (QTcF) calculated
using Fridericia’s formula. QTcF, which indicates total dura-
tion of ventricular repolarization, and HR, the number of
beats in a specified interval, were the primary ECG evalua-
tions. Exploratory evaluations included RR, the time between
beats that is used to calculate heart rate; PR, which indicates
AV nodal delay; and QRS, which expresses ventricular repo-
larization. ECGs were recorded using a specified digital
device (Cardico 1211; Suzuken, Nagoya, Japan) within the
7 days preceding mirabegron treatment and at 4 weeks or at
discontinuation. Data registered with any other device were
excluded from the analysis. Attending physicians assessed the
change from baseline in OAB symptoms at week 4 (or at the
time of discontinuation), and classified the treatment as “ef-
fective,” “ineffective” or “not-evaluable.” All ECG data were
interpreted separately by a medical expert, and the results
communicated to the attending physician. Severity of cardio-
vascular disease was also assessed from ECG data by the
medical expert. Patients with severe CV disease, marked QT
interval prolongation (QTc >500 ms) or who had ECG data
that was not interpretable for technical reasons were
excluded. The mean value of triplicate measurements made at
each visit was used for the analysis. As 4 days of treatment
are necessary for stabilization of plasma drug concentrations,
only ECG data collected after four consecutive days of mira-
begron treatment were used in the analysis.

Statistical analysis

A sample size of 300 patients was chosen in order to achieve
a 95% probability of at least one occurrence in the study for
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ADRs with a true incidence of 1%. All adverse events col-
lected during the study, defined as an event that occurs after
administration of mirabegron and whose relationship with
mirabegron could not be ruled out by the attending physician,
and including those reported in patients who discontinued or
were withdrawn from the study, were summarized and coded
using the SOC (for number of patients) and the PT (for num-
ber of events) of the Japanese version of MedDRA (version
17.1; www.pmrj.jp/jmo/php/indexe.php). Attending physi-
cians assessed the adverse events and summarized the events
by seriousness or relationship to mirabegron. For statistical
testing of stratified groups, Fisher’s exact test was used when
there were two groups. When there were three or more
groups, the Cochran–Armitage test was used if variables had
ordered categories, and the v2-test was used if variables did
not have ordered categories. Wilcoxon signed-rank test was
used for testing the difference from baseline in values
assessed during the observation period. For the correlation
analyses, Spearman’s rank correlation coefficients were calcu-
lated. Each two-sided test was carried out at a 5% level of
significance.

Results

Patient disposition and baseline
characteristics

The study was completed between December 2012 and
July 2014. A total of 316 patients were registered at 25
participating institutions; 80 patients were subsequently
excluded for not having met the registration requirements,
or for failing to present at a medical visit after the start of
mirabegron treatment (Fig. 1). Of the 52 patients not meet-
ing registration requirements, 38 had serious CV disease as
judged by ECG readings, and 31 of those who did not
have adverse events did not attend the clinic after the first
mirabegron dose. A total of 236 patients were included in
the SAF.

During the 4-week observation period, 31 patients
(13.1%) from the SAF were discontinued or withdrew from
the treatment. Reasons for discontinuation/withdrawal were
adverse events (18 events in 13 patients, 5.5% total [two
events each: nausea, diarrhea and dysuria; one event each:
thirst, feeling abnormal, vomiting, abnormal pain, abnormal
discomfort, constipation, gastroenteritis, drug eruption,
supraventricular extrasystoles, dizziness, somnolence and uri-
nary tract infection]), persistent or aggravated symptoms (six
patients, 2.5%), symptom remission and patient’s request for
discontinuation (five patients, 2.1% each), incomplete visits

during the survey period (three patients, 1.3%), and other
(two patients, 0.8%).

Males accounted for 61.9% of patients in the SAF. The
mean age was 74.5 � 11.12 years, and 60.2% of the total
patients were aged ≥75 years (Table 1). In total, 93.6% of
patients had a concurrent CV disease, notably arrhythmia
(67.8%) and angina pectoris (19.1%), whereas 15.7% had a
history of CV disease including arrhythmia (3.8%), myocar-
dial infarction (3.0%) and angina pectoris (3.0%; Table 2). In
addition, 54.2% of patients had concurrent hypertension,
17.8% had hyperlipidemia and 16.9% had diabetes mellitus.

At the start of treatment, 47 patients in the SAF (19.9%)
received 25 mg of daily mirabegron, and 189 (80.1%)
received 50 mg daily mirabegron. The maximum daily dose
of mirabegron during the treatment period was 25 mg for 42
patients (17.8%), and 50 mg for 194 patients (82.2%).

Of the 236 patients in the SAF, 186 patients (78.8%)
received other medications in addition to mirabegron. Nota-
bly, other therapeutic agents for OAB (anticholinergic agents,
e.g. propiverine hydrochloride and solifenacin succinate) were
used concomitantly by 38 patients (16.1%), and drugs with
potential effects on QT interval prolongation were used by
eight patients (3.4%).

Incidence of total and CV ADRs

The total incidence of ADRs was 11.44% (36 events total in
27 of 236 patients). The ADRs reported at an incidence of
1.0% or higher were “cardiac disorders” and “investigations”
(abnormal laboratory tests) in eight patients (3.39%) each,
“gastrointestinal disorders” in six patients (2.54%), and “in-
fections and infestations” and “renal and urinary disorders” in
three patients (1.27%) each. The incidence of CV ADRs was
5.51% (16 events in 13 of 236 patients), none of which were
assessed as serious. The most common CV ADRs reported in
the present study were supraventricular extrasystoles and pro-
longed QT intervals that occurred at an incidence of 1.27%
(three events) each (Table 3).

Using the patient baseline characteristics (i.e. sex, age,
body weight, BMI, patient status, duration of OAB and base-
line hepatic or renal impairment), treatment factors (i.e. treat-
ment period, dose frequency, initial daily dose, maximum
daily dose and mean daily dose) and concomitant drug use as
stratification factors, stratified analyses were carried out to
examine if any of these factors might affect the incidence of
CV ADRs. No significant differences were detected among
the factors, including the factor “drugs with potential effects
on QT intervals.”

Patients enrolled
(n = 316)

(n = 316)

(n = 236)

(n = 234)‡

Patients completing the survey Patients excluded from Safety Analysis Set (n = 80)*

Not meeting enrollment criteria

No adverse events and no visits after the first dose

Initial treatment start dates could not be identified

52†

31

1
Safety Analysis Set

Efficacy Analysis Set

Fig. 1 Patient disposition. *Includes those

excluded for more than one reason. †Data

measured with an inappropriate device excluded.

‡Patients lacking efficacy assessments were

excluded.
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Changes from baseline in ECG parameters
after treatment

The change (mean � SD) from baseline in HR at week 4
was 1.24 � 7.314 b.p.m. and was statistically significant
(P = 0.010), but clinically acceptable. There were no patients
whose HR had increased by ≥20 b.p.m. RR was also

shortened. The change (mean � SD) from baseline in QTcF
after treatment was �0.78 � 11.202 b.p.m., but was not sig-
nificant (P = 0.461; Table 4). The distribution of patients
with high QTcF (>450 ms) at baseline and after treatment
(week 4 or at discontinuation) was also determined. Of those
patients for whom complete ECG data were available
(n = 146), at baseline 11 (7.5%) patients had QTcF >450 ms
and two (1.4%) patients had QTcF >480 ms; whereas after
treatment, nine (6.2%) patients had a QTcF >450 ms and
none had QTcF >480 ms. Only one patient had a change in
QTcF from baseline after mirabegron treatment of >30 to
≤60 ms (Table 5). This increase (32 ms) was not considered
abnormal by the medical expert.

Relationship between baseline QTcF/HR and
change from baseline QTcF/HR

The effect of mirabegron on CV parameters was further
examined by examining the correlation between the baseline
value of QTcF or HR and the change from baseline
(DQTcF or DHR). As shown in Figure 2, the correlations
(r) between baseline QTcF or HR and DQTcF and DHR
were �0.246 and �0.309, respectively, and thus do not
support any particular trend in the response to mirabegron.
Further analyses were carried out on subgroup populations
defined by sex or age (<75 or ≥75 years; Fig. 3). The corre-
lation coefficients calculated for QTcF do not suggest that
either sex (male or female, r = �0.198 or �0.309, respec-
tively) or age (<75 or ≥75 years, r = �0.351 or �0.157,
respectively) are factors influencing the effect of mirabegron
on QTcF. Similarly, the correlation coefficients calculated
do not suggest that the effect of mirabegron on HR is influ-
enced by either the patients’ sex (male or female,
r = �0.262 or �0.338, respectively) or age (<75 or
≥75 years, r = �0.377 or �0.254).

Efficacy assessment

In 227 of 234 patients in the efficacy analysis set (exclud-
ing seven patients deemed “not evaluable”), treatment was

Table 3 Incidence of cardiovascular adverse drug reactions

Patients in study, SAF (n) 236

Patients who experienced a CV ADR (n) 13

Total CV ADRs (n) 16

Incidence of CV ADRs (%) 5.51

Type of CV ADR n (incidence %)

Cardiac disorders (total) 8 (3.39)

Arrhythmia supraventricular 2 (0.85)

Sinus tachycardia 1 (0.42)

Supraventricular extrasystoles 3 (1.27)

Ventricular extrasystoles 2 (0.85)

Investigations (total) 7 (2.97)

Electrocardiogram QT prolonged 3 (1.27)

Electrocardiogram ST segment depression 1 (0.42)

Electrocardiogram ST segment elevation 1 (0.42)

Electrocardiogram T wave abnormal 1 (0.42)

ECG signs of ventricular hypertrophy 1 (0.42)

QRS axis abnormal 1 (0.42)

Table 1 Patient demographics at baseline

Patients

n (%)

Patients in SAF 236 (100)

Sex

Male, n (%) 146 (61.9)

Female, n (%) 90 (38.1)

Not pregnant/lactating, n (% females) 90 (100)

Mean age, years (SD) 74.5 (11.12)

Age by category

<75 years, n (%) 94 (39.8)

≥75 years, n (%) 142 (60.2)

Mean weight, kg (SD)† 59.250 (10.5138)

Mean BMI (SD)† 23.548 (4.1995)

†Weight and BMI available for just 118 patients in the SAF.

Table 2 Cardiovascular disease status at baseline

Patients

n (%)

Patients in SAF 236 (100)

Concurrent CV disease

No 15 (6.4)

Present 221 (93.6)

Arrhythmia 160 (67.8)

Angina pectoris 45 (19.1)

Heart failure 13 (5.5)

Valvular diseases 8 (3.4)

Myocardial infarction 7 (3.0)

Cardiomyopathy 0 (–)

Other 30 (12.7)

History of CV disease

No 187 (79.2)

Present 37 (15.7)

Unknown 12 (5.1)

Arrhythmia 9 (3.8)

Myocardial infarction 7 (3.0)

Angina pectoris 7 (3.0)

Acute myocardial infarction 3 (1.3)

Mitral valve insufficiency 2 (0.8)

Concurrent non-CV disease

No 20 (8.5)

Present 215 (91.1)

Unknown 1 (0.4)

Hypertension 128 (54.2)

Prostatic hyperplasia 90 (38.1)

Hyperlipidemia 42 (17.8)

Diabetes mellitus 40 (16.9)

Constipation 32 (13.6)

Insomnia 27 (11.4)
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judged by the attending physicians as “effective” in 83.3%
of patients (n = 189), and “ineffective” in 16.7% of patients
(n = 38).

Discussion

The present study is the first prospective clinical study evalu-
ating patients with OAB treated with mirabegron who have
either current, or a history of, CV disorders. In the registra-
tion trials assessing mirabegron efficacy or safety, patients
with severe CV disease, prolonged QT intervals or those tak-
ing drugs that could cause prolonged QT were typically
excluded from the studies.20

Of patients in the SAF, >90% had concurrent CV dis-
ease and 3.4% were taking other medications that could
cause QT prolongation. Of those patients for whom com-
plete and fully interpretable ECG data were available
(n = 146), 7.5% had baseline QTcF >450 ms. The overall
incidence of CV ADRs within the SAF was 5.51% includ-
ing 3.39% (n = 8) for CV disorder ADRs (including
supraventricular arrhythmia and supraventricular

extrasystoles) and 2.97% (n = 7) for investigation ADRs
(including three cases of prolonged QT). No incidence of
torsades de pointes was reported. None of the ADRs
reported were considered severe. In comparison, a recent
drug-use results survey assessing mirabegron safety in a
clinical setting involving approximately 10 000 patients of
whom 6.9% (674 of 9795 patients) had a CV disorder, the
total incidence of ADRs was 6.07%, and the incidence of
ADRs relating to cardiac disorders was 0.29% (study
NCT01919047, publication in preparation). The
increased incidence of CV ADRs reported in the study
presented here is not surprising given the incidence of
concurrent CV disease, and the fact that the patients
were elderly (mean age 74.5 years with >60% aged
>75 years), and had a high prevalence of baseline hyper-
tension, hyperlipidemia and diabetes, three important CV
comorbidities.21

No clinically significant increases in HR were observed in
the patients surveyed. A small statistically significant increase
(1.24 b.p.m., P = 0.010) from baseline in mean HR was
observed, and was consistent with clinical trials used for the
approval application.22–25 Furthermore, these changes are
similar or inferior to changes in HR that have been reported
for commonly prescribed antimuscarinic treatments.21 No sig-
nificant changes in mean QTcF during the treatment period
were observed in the present study, which is in agreement
with the findings of a thorough QTc study in healthy women
where therapeutic doses of mirabegron did not show QTc
effects for doses below 200 mg daily.15 Correlation analyses
were carried out to examine a possible effect of mirabegron
on QTcF or HR, but the results did not support any particular
trend in the response to mirabegron. In order to assess
whether baseline factors, such as sex or age, influence
changes in either HR or QTcF during the mirabegron treat-
ment, correlation analyses were carried out on sex- and age-
segregated subpopulations, but the results do not support any
particular trend either. Taken together, the results of the study
are consistent with the findings of the mirabegron registration
trials, and suggest that mirabegron is a treatment option for
patients with OAB having a history of or concurrent mild-to-
moderate CV disease.

Mirabegron has been shown to be an effective treatment
for OAB symptoms. In the present study, attending physi-
cians judged mirabegron to be “effective” in 83% of patients
in the efficacy analysis set. These results are consistent with
a recent drug-use results survey assessing mirabegron safety
in a clinical setting involving approximately 10 000 patients

Table 4 Pre- and post-administration changes in HR, QTcF, RR, PR and QRS

n†

Baseline

Mean (SD)

Week 4

Mean (SD)

Change from baseline to week 4

Mean (SD) [95% CI] Wilcoxon signed-rank test (P)

HR (b.p.m.) 179 68.27 (11.541) 69.51 (11.254) 1.24 (7.314) [0.2, 2.3] 0.010

QTcF (ms) 146 419.53 (20.410) 418.75 (20.172) �0.78 (11.202) [�2.6, 1.1] 0.461 NS

RR (ms) 179 897.72 (152.686) 879.34 (141.181) �18.38 (90.790) [�31.8, �5.0] 0.006

PR (ms) 179 180.07 (27.899) 181.02 (26.565) 0.95 (15.898) [�1.4, 3.3] 0.097 NS

QRS (ms) 179 97.77 (20.356) 98.14 (21.239) 0.38 (7.254) [�0.7, 1.4] 0.436 NS

†Patients in SAF for whom baseline and post-dose ECG data were available (excluding pacing rhythm).

Table 5 Shift table by QTcF (>450, >480, >500 ms) and by change from

baseline after treatment (>30 and ≤60 ms, >60 ms)

QTcF (ms)

Patients at baseline Patients at week 4

Total, n QTcF, n (%) Total, n QTcF, n (%)

All patients†

>450 146 11 (7.5) 146 9 (6.2)

>480 146 2 (1.4) 146 0 (–)

>500 146 0 (–) 146 0 (–)

>30 to ≤60 increase – 146 1 (0.7)

>60 increase – 146 0 (–)

Male†

>450 85 7 (8.2) 85 5 (5.9)

>480 85 1 (1.2) 85 0 (–)

>500 85 0 85 0 (–)

>30 to ≤60 increase – 85 0 (–)

>60 increase – 85 0 (–)

Female†

>450 61 4 (6.6) 61 4 (6.6)

>480 61 1 (1.6) 61 0 (–)

>500 61 0 61 0 (–)

>30 to ≤60 increase – 61 1 (1.6)

>60 increase – 61 0 (–)

†Patients in SAF for whom indicated ECG data at baseline and post-treat-

ment were available (excluding pace rhythm).
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with OAB in which physicians judged mirabegron as “effec-
tive” in 80.7% of patients, and 63.6% of patients achieved
the three-point minimal clinically important change from
baseline in the mean Overactive Bladder Symptom Score.
Furthermore, International Prostate Symptom Score QoL
decreased significantly from baseline (�2.1 � 1.77;
P < 0.001).26

A potential limitation to the study was that it was a sin-
gle-arm study with no placebo control group. In addition,
the ECG investigations carried out do not qualify as a thor-
ough QT investigation. Finally, although more than half the
patients enrolled in the present study had hypertension,
blood pressure data were not collected during the observa-
tion period and therefore change in HR related to change in
blood pressure could not be assessed. A future large-scale
comparative study will be required to further address these
issues.

The present study shows that mirabegron is well tolerated
in real-world patients with OAB and with coexisting CV dis-
ease. In addition, no unanticipated CV safety concerns were
revealed.
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Fig. 3 Relationship between baseline and

change from baseline in QTcF after treatment

(DQTcF) in subpopulations segregated by (a) sex,

(b) age <75 years vs ≥75 years, (c) in HR after

treatment (DHR) in subpopulations segregated by

sex and (d) age <75 years vs ≥75 years. Patient

populations cited reflect patients for whom ECG

data were available at baseline and after 4 weeks

of mirabegron treatment.
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