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Abbreviations (including abbreviations accepted by the journal without expansion): 

 

BP, blood pressure 

CV, cardiovascular 

DBP, diastolic blood pressure 

ER, extended release 

HR, hazard ratio 

MACE, major adverse cardiovascular events 

OAB, overactive bladder syndrome 

SBP, systolic blood pressure. 
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Abstract 

Mirabegron is a β3-adrenoreceptor agonist used for the treatment of overactive bladder 

syndrome. We evaluated the cardiovascular safety of mirabegron using pooled data from 13 

studies. The analysis included 13,396 patients who received ≥1 dose of mirabegron (25 

mg/50 mg) or comparator antimuscarinics (solifenacin 2.5 mg/5 mg/10 mg or tolterodine 

extended release 4 mg) as monotherapies, or placebo. We focused on changes in blood 

pressure and cardiovascular adverse events. Baseline cardiovascular risk factors had an 

imbalanced effect on subsequent cardiovascular adverse events. The frequency of these 

adverse events was comparable for overactive bladder treatments (0.4–1.5%) and placebo 

(0.9%). Changes from baseline in blood pressure were similar for the overactive bladder 

treatments and placebo, and did not confer increased risk of cardiovascular adverse events. 

Multivariate analyses demonstrated that baseline cardiovascular risk factors (history of 

arrhythmia, history of coronary artery disease, and history of stroke/transient ischemic 

attack) were significantly associated with subsequent cardiovascular adverse events in the 

trials, whereas over-active bladder therapies were not. In conclusion, using an analytical 

approach to carefully control for cardiovascular characteristics of patients in these trials 

demonstrated  no evidence of increased cardiovascular risk for mirabegron or 

antimuscarinics over placebo in the treatment of overactive bladder syndrome. 

YMachado
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Introduction 

Patients with overactive bladder syndrome (OAB) are often treated with oral 

antimuscarinics or mirabegron, a first-in-class β3-adrenoreceptor agonist, if behavioral 

therapies alone are ineffective.1 Despite different mechanisms of action, both classes of 

agents have theoretical off-target cardiovascular (CV) effects.2,3 Antimuscarinic action on 

cardiac muscarinic receptors (primarily M2 receptors) located predominantly in the sinoatrial 

and atrioventricular nodes, can increase heart rate. Furthermore, non-muscarinic receptor 

effects on hERG potassium channels can potentially prolong cardiac repolarization, which 

may lead to polymorphic ventricular tachycardia (torsade de pointes).3,4 Mirabegron has 

considerably greater affinity for the β3-adrenoreceptor compared with β1- and β2-

adrenoreceptors (150- and 133-fold, respectively);5 however, recent studies have indicated 

that positive chronotropic effects may be exerted via β1-adrenoreceptors.6-8 During 

mirabegron clinical trials, small increases in heart rate and blood pressure (BP) were 

observed, which were reversible upon discontinuation of the drug.5,9 

Both OAB and CV disease increase with age, hence understanding the CV safety of 

OAB treatments is of clinical importance.10 An analysis of pooled data from the mirabegron 

clinical trial program was conducted to address five main questions: 1) Despite 

randomization, were there any imbalances in baseline CV risk factors between the treatment 

groups? 2) Does accounting for imbalances in baseline risk factors affect whether OAB 

treatment has an impact on CV adverse events? 3) Were there any specific baseline risk 

factors that increased the likelihood of CV adverse events independent of therapy? 4) Did 

post-baseline increases in BP increase the likelihood of CV adverse events independent of 

therapy? 5) Were patients who received mirabegron or antimuscarinics at increased risk for 

CV adverse events compared with placebo? 
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Methods 

Study Population 

All Astellas-sponsored phase 2–4 clinical development studies with mirabegron 25 

mg or 50 mg monotherapy for at least 8 weeks were included11-23 except for one excluded 

trial with an uncontrolled study design24 (Supplementary Table 1). To be included, patients 

were to have received at least one dose of mirabegron (25 mg or 50 mg), antimuscarinic 

comparator (solifenacin 2.5 mg, 5 mg, 10 mg or tolterodine extended release [ER] 4 mg) as 

monotherapy, or placebo. Patients who completed a short-term trial and subsequently 

consented to participate in a long-term study were treated as separate patients, as all 

studies were treated as independent data samples and because the randomized treatment 

may have been different between the studies. 

 

Analyses 

Seven treatment groups were defined: mirabegron 25 mg, mirabegron 50 mg, total 

mirabegron (25 mg and 50 mg), total solifenacin (2.5 mg, 5 mg, or 10 mg), tolterodine (4 mg 

ER), total antimuscarinics (total solifenacin and tolterodine), and placebo. 

Baseline patient demographic characteristics and standard CV risk factors were 

determined from medical history data. Blood pressure was categorized according to the 

JNC-7 classification (the current classification at the time of study conduct)25 separately for 

home (11,150 patients) and clinic (12,669 patients) measurements. Clinic BP changes from 

baseline were calculated based on the average of multiple measurements on the same day 

through week 12 (the longest duration of placebo treatment). The number of patients with ≥2 

mmHg increase in SBP or DBP at two consecutive visits through week 12 and the number of 

patients with BP increases of ≥2, ≥5, ≥10, and ≥15 (SBP and DBP), and ≥20 (SBP only) 

mmHg at two consecutive visits through week 12 were assessed. Single Clopper Pearson 

confidence intervals for proportions were generated.26 
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Occurrence of CV events was determined from adverse event data, coded according 

to MedDRA (version 18.1). Major adverse CV events (MACE) were defined as a composite 

of CV death, non-fatal myocardial infarction, and non-fatal stroke (which included transient 

ischemic attack in this analysis as they are defined by the same set of MedDRA terms). An 

expanded composite, MACE+, was defined as MACE plus unstable angina/coronary 

revascularization, congestive heart failure, venous and peripheral arterial vascular 

thrombotic event, cardiac arrhythmia with no evidence of ischemia, and other non-MACE 

serious CV adverse events (fully defined in Supplementary Material 1). MACE-related 

analyses included composite MACE and MACE+ (defined as ≥1 MACE or MACE+, yes/no), 

the individual components of MACE (CV death, non-fatal myocardial infarction, and non-fatal 

stroke, yes/no), the number of MACE+ (defined as the number of any MACE+), and days to 

first composite MACE+ (defined as the duration in days from date of first study medication to 

date of first MACE+). For patients in whom no CV event occurred, the censoring date was 

the last date of the observation period. 

To assess whether post-baseline BP increases were differentially associated with 

risk of MACE+, the proportion of patients with MACE+ was tabulated according to clinic 

measurements of baseline BP and the shift in BP from baseline. Multivariate analyses using 

BP changes as a time varying covariate are described below. 

 

Multivariate Analysis 

Baseline CV risk factors were evaluated in patients who did and did not experience 

MACE+ by treatment group. Cohen’s d values (a measure of the effect size according to the 

standardized difference between two means) were calculated, with values above 0.8 or 

below –0.8 indicating a high imbalance in the risk factor between the treatment groups.27 

Risk factors that were highly imbalanced across treatments were eligible for inclusion in the 

multivariate models for occurrence of MACE+. All models considered only the first MACE+. 

The primary MACE+ multivariate Cox proportional hazards model included treatment group 
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as a categorical variable, with the top five baseline risk factors according to the magnitude of 

Cohen’s d added sequentially. Additional risk factors were to be considered for the model if 

the previous ranked risk factor had an associated P-value ≤ .05 in the model. Interaction 

terms between treatment group and identified baseline CV risk factors were explored in 

order to determine if there were any risk factors that OAB treatment further increased the 

risk of MACE+ (statistical significance determined at P ≤ .10). Additional time-varying Cox 

proportional hazards models were generated to further assess whether post-baseline BP 

increases were differentially associated with risk of MACE+. In these models, treatment 

group was included as a categorical variable, together with the final list of risk factors 

identified in the primary model and clinic measurements of BP change from baseline as a 

time-varying covariate. 

 

Kaplan-Meier Analysis 

A Kaplan-Meier plot was developed for the time to first composite MACE+ according 

to treatment group (pooled across studies) and by treatment group within each study. 

Results 

A total of 13,396 patients from 13 studies were included in the analysis, of whom 

3083 received placebo, 6313 mirabegron, and 4000 antimuscarinics. Baseline patient 

demographic characteristics and CV risk factors are shown in Table 1 and appear 

comparable. 

The rates of any MACE or MACE+ were highest in the tolterodine group (0.4% and 

1.5%, respectively) and lowest in the solifenacin group (0.1% and 0.4%, respectively) (Table 

2). The proportions of patients with increases of ≥2 mmHg in SBP or DBP at two consecutive 

visits through week 12 were comparable with placebo for all active-treatment groups (Figure 

1). Similarly, the proportions of patients with ≥15 mmHg SBP increases or ≥10 mmHg DBP 

increases from baseline at the week 12 visit were comparable with placebo for all active-

treatment groups (Figure 2). Examination of the rate of MACE+ according to baseline BP 

YMachado
Resaltado
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and increase in BP from baseline did not indicate any difference between the treatment 

groups (Table 3). 

Cohen’s d evaluation identified 11 baseline CV risk factors as being imbalanced in 

patients with and without MACE+ across the different treatment groups (Table 4). 

The final variables included in the primary model for occurrence of MACE+ (in 

addition to treatment group) were history of arrhythmia (HR 5.66; 95% CI 3.42–9.39), history 

of coronary artery disease (HR 3.43; 95% CI 2.19–5.37), left ventricular hypertrophy (HR 

3.72, 95% CI 0.88–15.69), history of valvular heart disease (HR 3.13, 95% CI 0.96–10.25), 

and history of stroke/transient ischemic attack (HR 3.38, 95% CI 1.73–6.58). Whereas some 

known CV risk factors were significantly associated with occurrence of MACE+ in these 

models, OAB treatment was not, with all HRs for total mirabegron and total antimuscarinics 

<1 relative to placebo (P-values .360 and .499, respectively; Figure 3, models 1–6). When 

BP change from baseline was added as a time-varying covariate to the final primary model, 

treatment with mirabegron or antimuscarinics was still not a significant risk factor for MACE+ 

(all HRs <1 relative to placebo; Figure 3, models 7 and 8). There was no evidence of 

interaction between OAB treatment and any risk factor with respect to risk of MACE+ in any 

model (all interaction terms P > .10, data not shown). Kaplan-Meier analysis of time to first 

composite MACE+ revealed no statistically significant differences between the treatment 

groups (Figure 4). 

 

Discussion 

This analysis of over 13,000 patients enrolled in the phase 2–4 mirabegron clinical 

development studies found no evidence of increased CV risk for mirabegron or 

antimuscarinics compared with placebo while controlling for baseline CV risk. 

The assessment of the CV impact of OAB medications during clinical trials is 

complicated by several factors. First, patients with OAB who have pre-existing CV disease 

may be at greater risk for increases in BP and CV adverse events on OAB treatment. 

YMachado
Resaltado

YMachado
Resaltado

YMachado
Resaltado

YMachado
Resaltado

YMachado
Resaltado



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9 

 

Furthermore, as adverse event reporting during clinical trials considers only the rates of 

individual events, medical history and risk are not typically taken into consideration as 

modifiers of event rates. For example, BP increases during a study may confer increased 

risk for subsequent CV adverse events, but this inter-relatedness may not be apparent when 

these adverse events are reported separately. Lastly, although the randomization of patients 

during clinical trials seeks to balance the distribution of patient characteristics between the 

treatment groups (ie, balance potential measured and unmeasured confounders to treatment 

outcomes), this may not always result in the removal of all confounding influences. As such, 

exploration of factors known to increase CV risk are warranted when evaluating CV safety. 

With regard to these clinical trial data complexities, the results of the present analysis 

provide several important observations. Not surprisingly, several known CV risk factors were 

found to be statistically significant predictors of CV adverse events during the study. The fact 

that baseline CV risk factors had an imbalanced effect on CV outcomes suggest that these 

factors need to be accounted for while evaluating CV adverse events. Neither mirabegron 

nor antimuscarinic treatment were associated with increased risk of CV adverse events 

during the study and there was no evidence of interaction between OAB treatment and any 

risk factor with respect to risk of CV adverse events. Blood pressure at baseline was not 

statistically significant in the model for occurrence of CV adverse events. Importantly, post-

baseline BP increases were similar for mirabegron, antimuscarinics, and placebo, and the 

increases did not confer increased risk for CV adverse events. While small elevations in BP 

may have occurred, these were neither sufficiently large nor sustained enough to confer 

increase risk of CV adverse events. 

Data regarding the CV safety of mirabegron outside of the clinical trial setting are 

currently limited. A recent analysis of U.S. Food and Drug Administration (FDA) Mini-

Sentinel data (a pilot US national medical product monitoring system) found no evidence for 

increased risk of stroke or acute myocardial infarction with mirabegron compared with the 

antimuscarinic oxybutynin.28 Similarly, a replication of this FDA analysis using alternative 
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data sources did not detect increased risk of stroke or acute myocardial infarction for 

mirabegron compared with oxybutynin.29 A 12-week mirabegron Japanese post-marketing 

study demonstrated that the incidence of adverse drug reactions was higher in patients with 

concomitant CV disease (10.1%) than in the overall population (6.1%).30 However, a 

prospective observational study involving female patients found no association between CV 

adverse events and pre-existing CV disease after 8 weeks of treatment.31 Taken together 

with the results from the present analysis, these data suggest that short- and intermediate-

term use of mirabegron has a comparable CV safety profile to antimuscarinics, with patient 

factors having a greater effect on CV outcomes than OAB medication. 

The strengths of our study include that the dataset was comprised of randomized and 

double-blind studies with systematic collection of adverse events and vital signs, that was 

large enough to identify robust risk factors for CV adverse events (P-values < .05 for HRs ≥3 

in the uni- and multi-variate models). Furthermore, a patient-level pooled analysis approach 

allowed for adjustments using individual patient characteristics, and conduct of the 

multivariate analysis using a stratified proportional hazards model, which creates within-

study estimates before cross-study estimates, respected the principle of individual trial 

populations. Limitations include that the clinical trial population may have less severe CV 

disease than a real-world population due to inclusion/exclusion criteria restrictions and that 

follow-up was relatively short term for most studies. 

 

Conclusion 

This pooled analysis of mirabegron clinical trial data found no evidence of increased 

risk of CV adverse events for mirabegron or antimuscarinics compared with placebo. 

Cardiovascular adverse events were related to patients’ pre-existing conditions, but not OAB 

treatment, and there was no evidence that OAB treatment or associated BP increases 

further increased the risk of CV adverse events. 

YMachado
Resaltado
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Table 1 

Patient demographics, cardiovascular risk factors, and blood pressure classification at baseline 

 Number of patients (%)* 

Placebo Mirabegron 
25 mg 

Mirabegron 
50 mg 

Total 
Mirabegron 

Tolterodine Total 
Solifenacin 

Total 
Antimuscarinics 

n* 3083 1372 4941 6313 2330 1670 4000 
Demographic characteristics        
Female 2282 (74.0) 1037 (75.6) 3654 (74.0) 4691 (74.3) 1726 (74.1) 1247 (74.7) 2973 (74.3) 
Age, years        

<65 2012 (65.3) 919 (67.0) 3258 (65.9) 4177 (66.2) 1533 (65.8) 1133 (67.8) 2666 (66.7) 
≥65 1071 (34.7) 453 (33.0) 1683 (34.1) 2136 (33.8) 797 (34.2) 537 (32.2) 1334 (33.4) 

Race†        
White 1926 (62.6) 1016 (74.2) 3723 (75.4) 4739 (75.2) 1503 (64.5) 1572 (94.3) 3075 (77.0) 
Black or African American 104 (3.4) 62 (4.5) 126 (2.6) 188 (3.0) 53 (2.3) 16 (1.0) 69 (1.7) 
Asian 1033 (33.5) 285 (20.8) 1057 (21.4) 1342 (21.3) 764 (32.8) 73 (4.4) 837 (20.9) 

Other 16 (0.5) 6 (0.4) 29 (0.6) 35 (0.6) 9 (0.4) 6 (0.4) 15 (0.4) 
Cardiovascular risk factors        
History of coronary artery disease 188 (6.1) 76 (5.5) 258 (5.2) 334 (5.3) 141 (6.1) 129 (7.7) 270 (6.8) 
History of congestive heart failure 20 (0.6) 9 (0.7) 16 (0.3) 25 (0.4) 11 (0.5) 14 (0.8) 25 (0.6) 
History of hyperlipidemia‡ 646 (21.0) 314 (22.9) 980 (19.8) 1294 (20.5) 381 (16.4) 317 (19.0) 698 (17.5) 
History of diabetes 220 (7.1) 127 (9.3) 397 (8.0) 524 (8.3) 181 (7.8) 159 (9.5) 340 (8.5) 
History of arrhythmias 71 (2.3) 42 (3.1) 131 (2.7) 173 (2.7) 47 (2.0) 32 (1.9) 79 (2.0) 

History of stroke/transient ischemic 
attack 

55 (1.8) 24 (1.7) 81 (1.6) 105 (1.7) 34 (1.5) 30 (1.8) 64 (1.6) 

Left ventricular hypertrophy at baseline 12 (0.4) 3 (0.2) 12 (0.2) 15 (0.2) 7 (0.3) 2 (0.1) 9 (0.2) 
History of peripheral vascular disease 26 (0.8) 8 (0.6) 30 (0.6) 38 (0.6) 13 (0.6) 6 (0.4) 19 (0.5) 
Chronic renal insufficiency§ 241 (7.8) 88 (6.4) 422 (8.5) 510 (8.1) 176 (7.6) 115 (6.9) 291 (7.3) 
BMI, kg/m2¶        

<25 1290 (41.9) 510 (37.2) 1846 (37.4) 2356 (37.3) 979 (42.1) 534 (32.0) 1513 (37.9) 
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≥25 1790 (58.1) 862 (62.8) 3090 (62.6) 3952 (62.7) 1346 (57.9) 1134 (68.0) 2480 (62.1) 
History of smokingǁ 3 (0.1) 6 (0.4) 8 (0.2) 14 (0.2) 4 (0.2) 2 (0.1) 6 (0.2) 

Blood pressure (JNC-7 classification25)**        
Normal 958 (33.6) 385 (32.0) 1460 (31.1) 1845 (31.3) 674 (30.0) 428 (25.8) 1102 (28.2) 
Prehypertension/Stage 1/Stage 2 
hypertension 

1890 (66.4) 818 (68.0) 3229 (68.9) 4047 (68.7) 1569 (70.0) 1234 (74.2) 2803 (71.8) 

Stage 1/Stage 2 hypertension 658 (23.1) 270 (22.4) 984 (21.0) 1254 (21.3) 547 (24.4) 337 (20.3) 884 (22.6) 
Stage 2 hypertension 95 (3.3) 47 (3.9) 157 (3.3) 204 (3.5) 81 (3.6) 39 (2.3) 120 (3.1) 

 
* Unless otherwise stated. 
† Placebo, n = 3079; mirabegron 25 mg, n = 1369; mirabegron 50 mg, n = 4935; total mirabegron, n = 6304; tolterodine, n = 2329; solifenacin, n = 1667; 

total antimuscarinics, n = 3996. 
‡ Defined using selected preferred terms within the MedDRA Dyslipidemia SMQ. 
§ Estimated glomerular filtration rate <60 mL/min/1.73 m2. 

¶ Placebo, n = 3080; mirabegron 25 mg, n = 1372; mirabegron 50 mg, n = 4936; total mirabegron, n = 6308; tolterodine, n = 2325; solifenacin, n = 1668; 

total antimuscarinics, n = 3993. 
ǁ MedDRA preferred terms “Nicotine dependence” and “Tobacco abuse”. 

** Clinic measurements only. Placebo, n = 2848; mirabegron 25 mg, n = 1203; mirabegron 50 mg, n = 4689; total mirabegron, n = 5892; tolterodine, n = 2243; 

solifenacin, n = 1662; total antimuscarinics, n = 3905. 
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Table 2 

Occurrence of major adverse cardiovascular events by treatment group 

 
Cardiovascular Outcome, n (%) Number of Patients (%) 

Placebo Mirabegron 
25 mg 

Mirabegron 
50 mg 

Total 
Mirabegron 

Tolterodine Total 
Solifenacin 

Total 
Antimuscarinics 

n 3083 1372 4941 6313 2330 1670 4000 
Any MACE* 9 (0.3) 3 (0.2) 12 (0.2) 15 (0.2) 10 (0.4) 1 (0.1) 11 (0.3) 

Cardiovascular death 1 (0) 0 1 (0) 1 (0) 1 (0) 0 1 (0) 
Non-fatal myocardial infarction 2 (0.1) 1 (0.1) 3 (0.1) 4 (0.1) 3 (0.1) 0 3 (0.1) 
Non-fatal stroke† 6 (0.2) 2 (0.1) 8 (0.2) 10 (0.2) 6 (0.3) 1 (0.1) 7 (0.2) 

Any MACE+* 28 (0.9) 9 (0.7) 45 (0.9) 54 (0.9) 34 (1.5) 7 (0.4) 41 (1.0) 
 
* Treatment-emergent adverse events matching search terms appearing in ≥1 category were counted as a single CV event and assigned to the applicable 

category. Treatment-emergent adverse events matching search terms appearing in ≥2 of the 8 categories were assigned to the most severe CV event 

category according to the order shown in the table. 
† Non-fatal stroke and transient ischemic attack are defined using the same set of MedDRA terms. 

CV, cardiovascular; MACE, major adverse cardiovascular events (CV death, non-fatal myocardial infarction, and non-fatal stroke/transient ischemic attack); 

MACE+, MACE plus unstable angina/coronary revascularization, congestive heart failure, venous and peripheral arterial vascular thrombotic event, cardiac 

arrhythmia with no evidence of ischemia, and other non-MACE serious CV adverse events (see Supplementary Material 1).
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Table 3 

Number of patients with major adverse cardiovascular events (MACE+) by the greatest systolic blood pressure increase from baseline criteria 

and systolic blood pressure baseline categories (clinic measurement) 

 
Baseline SBP, 
mmHg 

Highest SBP Increase From Baseline at Two Consecutive Visits, mmHg 

<2 ≥2 ≥5 ≥10 ≥15 ≥20 

Placebo, n = 2848 
<120 2/581 (0.3%) 1/123 (0.8%) 0/158 1/105 (1.0%) 0/41 1/35 (2.9%) 

≥120 to <140  9/898 (1.0%) 1/104 (1.0%) 2/112 (1.8%) 0/64 0/24 0/18 
≥140 to <160 7/445 (1.6%) 0/25 0/19 0/12 1/7 (14.3%) 0/5 
≥160 1/67 (1.5%) 0/2 0 0/2 0/1 0 

Mirabegron 25 mg, n = 1203 
<120 0/217 0/48 0/61 0/50 0/21 0/19 
≥120 to <140  1/409 (0.2%) 0/54 0/48 0/21 0/7 0/5 

≥140 to <160 2/180 (1.1%) 0/11 0/6 0/5 0 0/1 
≥160 1/34 (2.9%) 0/1 0/2 0/2 0 0/1 

Mirabegron 50 mg, n = 4689 
<120 4/774 (0.5%) 1/208 (0.5%) 1/287 (0.3%) 2/185 (1.1%) 0/86 2/76 (2.6%) 
≥120 to <140  17/1550 (1.1%) 1/248 (0.4%) 1/238 (0.4%) 1/119 (0.8%) 1/35 (2.9%) 0/29 
≥140 to <160 8/596 (1.3%) 1/42 (2.4%) 0/52 0/15 0/8 0/5 

≥160 1/125 (0.8%) 0/6 0/2 0/2 0/1 0 
Total mirabegron, n = 5892 

<120 4/991 (0.4%) 1/256 (0.4%) 1/348 (0.3%) 2/235 (0.9%) 0/107 2/95 (2.1%) 
≥120 to <140  18/1959 (0.9%) 1/302 (0.3%) 1/286 (0.3%) 1/140 (0.7%) 1/42 (2.4%) 0/34 
≥140 to <160 10/776 (1.3%) 1/53 (1.9%) 0/58 0/20 0/8 0/6 
≥160 2/159 (1.3%) 0/7 0/4 0/4 0/1 0/1 

Total antimuscarinics, n = 3905 

<120 3/609 (0.5%) 1/156 (0.6%) 0/208 3/118 (2.5%) 1/70 (1.4%) 1/58 (1.7%) 
≥120 to <140 15/1349 (1.1%) 1/179 (0.6%) 2/205 (1.0%) 2/104 (1.9%) 0/38 1/28 (3.6%) 
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≥140 to <160 7/586 (1.2%) 0/38 0/32 0/14 0/4 0/3 
≥160 3/96 (3.1%) 0/5 0/4 0 0/1 0 

 
n numbers represent patients with BP readings at baseline. 

Each cell presents the number of subjects with MACE+/the number of subjects with the BP shift from baseline described in the column (%). 

DBP, diastolic blood pressure; MACE+, major adverse cardiovascular events (MACE, CV death, non-fatal myocardial infarction, and non-fatal stroke/transient 

ischemic attack) plus unstable angina/coronary revascularization, congestive heart failure, venous and peripheral arterial vascular thrombotic event, cardiac 

arrhythmia with no evidence of ischemia, and other non-MACE serious CV adverse events (see Supplementary Material 1); SBP, systolic blood pressure. 
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Table 4  

Cohen’s d evaluation of baseline risk factors between patients with and without major adverse cardiovascular events (MACE+) by treatment 

group 

 Placebo Mirabegron 
25 mg 

Mirabegron 
50 mg 

Total 
Mirabegron 

Tolterodine Total 
Solifenacin 

Total 
Antimuscarinics 

Age (<65, ≥65) years* 0.63 0.96 0.60 0.66 0.72 –0.38 0.54 
Clinic BP measurement        

Normal/prehypertension 
vs. Stage 1/Stage 2 hypertension 

0.28 1.27 0.08 0.19 0.07 –0.15 0.06 

Normal/prehypertension/Stage 1 
hypertension vs. Stage 2 hypertension* 0.03 2.41 -0.05 0.18 0.30 –0.16 0.26 

Home BP measurement        
Normal/prehypertension/Stage 1 
hypertension vs. Stage 2 hypertension –0.14 1.37 0.35 0.54 –0.14 –0.14 -0.14 

History of coronary artery disease 1.10 0.25 0.47 0.43 1.26 0.25 1.01 
History of congestive heart failure –0.08 -0.08 –0.06 –0.06 0.80 1.49 0.86 
History of diabetes* –0.56 –1.23 –0.28 –0.44 –0.26 0.33 –0.13 

History of arrhythmias 0.33 –0.18 1.24 0.98 1.81 –0.14 1.47 
History of stroke/transient ischemic attack* 0.68 0.72 0.93 0.89 –0.12 –0.14 –0.13 
Left ventricular hypertrophy –0.06 –0.05 –0.05 –0.05 0.49 4.27 1.00 
History of valvular heart disease –0.06 –0.05 0.34 0.29 1.26 –0.06 0.94 
Chronic renal insufficiency† 0.24 0.19 0.82 0.73 0.50 0.86 0.57 
 
Shaded cells indicate absolute value of Cohen’s d between the patients with and without CV events in each treatment group > 0.8 (CV outcome “yes” vs. 

“no”). 

* Variable was a priori identified to be forced into the secondary multivariate Cox model regardless of the value of Cohen’s d and regardless of statistical 

significance in the forward selection procedure. 
† eGFR <60 mL/min/1.73 m2, derived from baseline serum creatinine for each study using the Cockcroft-Gault formula. 
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MACE+, major adverse cardiovascular events (MACE, CV death, non-fatal myocardial infarction, and non-fatal stroke/transient ischemic attack) plus unstable 

angina/coronary revascularization, congestive heart failure, venous and peripheral arterial vascular thrombotic event, cardiac arrhythmia with no evidence of 

ischemia, and other non-MACE serious CV adverse events (see Supplementary Material 1). 
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Figure 1. Proportions of patients with increase of ≥2 mmHg in systolic or diastolic blood 

pressure at two consecutive visits through week 12 (clinic measurements). 

Placebo, n = 2849; mirabegron 25 mg, n = 1203; mirabegron 50 mg, n = 4702; total 

mirabegron, n = 5905; tolterodine 4 mg, n = 2245; total solifenacin, n = 1670; total 

antimuscarinics, n = 3915.  
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Figure 2. Proportions of patients with ≥15 mmHg systolic blood pressure increase (A) or ≥10 

mmHg diastolic blood pressure increase (B) from baseline at week 12 visit (clinic 

measurements). 

Placebo, n = 2849; mirabegron 25 mg, n = 1203; mirabegron 50 mg, n = 4702; total 

mirabegron, n = 5905; tolterodine 4 mg, n = 2245; total solifenacin, n = 1670; total 

antimuscarinics, n = 3915.
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Figure 3. Cox proportional hazard ratios for total mirabegron and total antimuscarinics relative to placebo.  

BP, blood pressure; CAD, coronary artery disease; CHF, congestive heart failure; DBP, diastolic blood pressure; LVH, left ventricular 

hypertrophy; SBP, systolic blood pressure; TIA, transient ischemic attack; VHD, valvular heart disease.



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

26 

 

 

Figure 4. Kaplan-Meier estimate of probability without MACE+ 

MACE, major adverse cardiovascular events.  
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Supplementary Material 

Supplementary Material 1. MACE+ definitions 

MACE+ defines treatment-emergent adverse events including APCT/MACE and non-

APTC/MACE: 

APTC/MACE (3 categories) 

1. Non-fatal myocardial infarction 

2. Non-fatal stroke* 

3. CV death 

Non-APTC/MACE (13 categories): 

4. Unstable angina† 

5. Coronary revascularization† 

6. Transient ischemic attack (TIA)* 

7. Venous and peripheral arterial vascular thrombotic event 

8. Congestive heart failure (CHF) 

9. Arrhythmia with no evidence of ischemia‡ 

10. Atrial fibrillation‡ 

11. Supraventricular tachycardia‡ 

12. Ventricular tachycardia (inclusive of torsades de pointes)‡ 

13. Ventricular fibrillation‡ 

14. High grade atrioventricular block 2nd degree Mobitz II‡ 

15. High grade atrioventricular block 3rd degree‡ 

16. Other serious non-MACE CV event 

 

As some CV events were defined using the same set of MedDRA terms, the 16 categories 

were reduced to 8 categories. Treatment-emergent adverse events matching search terms 

appearing in ≥1 category were counted as a single CV event and assigned to the applicable 

category. Treatment-emergent adverse events matching search terms appearing in ≥2 

categories were assigned to the most severe category according to the following order (1, 

most severe; 8, least severe): 

1. CV death 

2. Non-fatal myocardial infarction 

3. Non-fatal stroke/transient ischemic attack (categories 2, 6) 

4. Unstable angina/coronary revascularization (categories 4, 5) 

5. CHF 

6. Venous and peripheral arterial vascular thrombotic event 

7. Cardiac arrhythmias with no evidence of ischemia (categories 9 to 15) 
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8. Other serious non-MACE CV event 

 
* Non-fatal stroke and transient ischemic attack are defined using the same set of MedDRA terms. 
† Unstable angina and coronary revascularization are defined using the same set of MedDRA terms. 
‡ Arrhythmia, no evidence of ischemia, atrial fibrillation, supraventricular tachycardia, ventricular 

tachycardia (inclusive of torsades de pointes), ventricular fibrillation, high grade atrioventricular block 

second degree Mobitz II and high grade atrioventricular block third degree are defined using the same 

set of MedDRA terms. 

APCT, Antiplatelet Trialists’ Collaboration events; MACE, major adverse cardiac events.
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Supplementary Table 1.  

Phase 1–4 studies with mirabegron 25 mg or 50 mg monotherapy for at least 8 weeks 

Study Study Design Treatment Arms Duration Indication Geographic 
Location 

Randomized 
Patients 

Primary 
Reference 

NCT00337090 Randomized, double-
blind, placebo- and 
active-controlled, phase 
2 dose-finding study 

Mirabegron 25 mg, 50 
mg, 100 mg, or 200 mg, 
tolterodine 4 mg, or 
placebo 

12 weeks Overactive 
bladder 
syndrome 

Europe 928 Chapple et al, 
201313 

NCT00527033 Randomized, double-
blind, placebo-controlled, 
phase 2 dose-finding 
study 

Mirabegron 25 mg, 50 
mg, or 100 mg, or 
placebo 

12 weeks Overactive 
bladder 
syndrome 

Japan 842 Yamaguchi et 
al, 201522 

NCT00689104 Randomized, double-
blind, placebo- and 
active-controlled, phase 
3 study 

Mirabegron 50 mg or 
100 mg, tolterodine 4 
mg, or placebo 

12 weeks Overactive 
bladder 
syndrome 

Australia, 
Europe 

1978 Khullar et al, 
201317 

NCT00662909 Randomized, double-
blind, placebo-controlled, 
phase 3 study 

Mirabegron 50 mg or 
100 mg, or placebo 

12 weeks Overactive 
bladder 
syndrome 

Canada, US 1329 Nitti et al, 
201319 

NCT00966004 Randomized, double-
blind, placebo- and 
active-controlled, phase 
3 study 

Mirabegron 50 mg, 
tolterodine 4 mg, or 
placebo 

12 weeks Overactive 
bladder 
syndrome 

Japan 1139 Yamaguchi et 
al, 201423 

NCT00688688 Randomized, double-
blind, active-controlled, 
phase 3 study (subjects 
rolled-over from 
NCT00689104 and 
NCT00662909) 

Mirabegron 50 mg or 
100 mg, or tolterodine 4 
mg 

52 weeks Overactive 
bladder 
syndrome 

Australia, 
Canada, 
Europe, New 
Zealand, South 
Africa, US 

2444 Chapple et al, 
201314 

NCT00410514 Randomized, double-
blind, placebo-controlled, 
phase 2 study 

Mirabegron 50 mg or 
100 mg, or placebo 

12 weeks Lower urinary 
tract symptoms 
and bladder 
outlet 
obstruction 

Canada, US 200 Nitti et al, 
201320 
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NCT00912964 Randomized, double-
blind, placebo-controlled, 
phase 3 study 

Mirabegron 25 mg or 50 
mg, or placebo 

12 weeks Overactive 
bladder 
syndrome 

Europe and 
North America 

1306 Herschorn et 
al, 201315 

NCT01043666 Randomized, double-
blind, active- and 
placebo-controlled, 
phase 3 study 

Mirabegron 50 mg, 
tolterodine 4 mg, or 
placebo 

12 week Overactive 
bladder 
syndrome 

China, India, 
Korea, Taiwan 

1126 Kuo et al, 
201518 

NCT01340027 Randomized, double-
blind, placebo- and 
monotherapy-controlled, 
phase 2 dose-ranging 
study 

Six combination groups 
(solifenacin 2.5, 5, or 10 
mg + mirabegron 25 or 
50 mg), 5 monotherapy 
groups (solifenacin 2.5, 
5, or 10 mg, or 
mirabegron 25 or 50 
mg), or placebo 

12 week Overactive 
bladder 
syndrome 

Europe 1306 Abrams et al, 
201511 

NCT01972841 Randomized, double-
blind, placebo- and 
active-controlled, phase 
3 study 

Solifenacin 5 mg + 
mirabegron 25 mg, 
solifenacin 5 mg + 
mirabegron 50 mg, 
mirabegron 25 mg or 50 
mg, solifenacin 5 mg, or 
placebo  

12 week Overactive 
bladder 
syndrome 

Worldwide 3527 Herschorn et 
al, 201716 

NCT01638000 Randomized, double-
blind, active-controlled, 
phase 3b study 

Mirabegron 50 mg or 
solifenacin 5 mg 

12 weeks Overactive 
bladder 
syndrome 

Asia, Canada, 
Europe 

1887 Batista et al, 
201512 

NCT02138747 Randomized, double-
blind, two-period 
crossover phase 4 study 

4 treatment sequences 
involving mirabegron 25 
mg titrated to 50 mg 
after 4 weeks and 
tolterodine 4 mg 

Two treatment 
periods of 8 
weeks 

Overactive 
bladder 
syndrome 

Canada, US 358 Staskin et al, 
201821 

 
NOTE: Patients who received combination therapy were not included in the analysis 


