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Abstract: Lower urinary tract symptoms, including urgency, urgency incontinence, fre-

quency, and nocturia, are highly prevalent in older adults and are associated with significant

morbidity and impairment in quality of life. When conservative measures such as bladder

training fail to improve symptoms, pharmacological management is recommended by

national and international guidelines. Mirabegron, an agonist of the β3 adrenergic receptor,

demonstrates similar efficacy to the anticholinergic drugs without the risk of anticholinergic

effects, but experience and evidence in the very elderly population are limited. This narrative

review examines the current evidence base for mirabegron in very elderly adults.
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Introduction
Lower urinary tract symptoms (LUTS), including urgency, frequency, and urgency

incontinence, are highly prevalent in the general population and increase in pre-

valence with increasing age,1–3 with frail older adults having a higher prevalence of

urinary incontinence than any other group with the exception of those with spinal

cord injury.4 The most common cause of urinary incontinence in older people is

overactive bladder (OAB),1 the clinically defined syndrome of urgency, with or

without urgency incontinence, and usually with frequency and nocturia, in the

absence of infection or other pathology.5 OAB is a disorder of the storage phase

of the bladder, with urgency, the sudden desire to void which is difficult to defer,6

being the cardinal symptom. The pathophysiology of urgency and of overactive

bladder remains unclear, with the urothelium,7 detrusor,8 and brain9 all being

implicated. In older adults, changes in both the lower urinary tract and the brain

are associated with development of LUTS,10 and the changes in the brain associated

with LUTS, such as the development of white matter hyperintensities11 mean that

OAB cannot be considered merely a disorder of the bladder, but may be as much of

a “brain disease”.9

National and international guidelines for the management of OAB stress the

importance of conservative management of LUTS, including fluid intake normal-

isation, assessment and treatment of comorbidities, reduction of polypharmacy and

the avoidance of agents associated with the development of LUTS, and bladder

training12–14 prior to pharmacological therapy. The available evidence does suggest

that older adults are more likely than younger people to need pharmacotherapy in

addition to conservative management to achieve satisfactory symptom control, and
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to need higher doses of medication to achieve the same

degree of improvement compared to younger people.15

OAB has significant impact on quality of life,16 and

older people with OAB are at increased risk of falls,17

have greater rates of anxiety and depression18 and

hospitalisation19 than those without OAB. In addition, it

is well recognised that older people with urinary incon-

tinence do not report LUTS,20,21 and active case finding

and treatment of LUTS are recommended.4

Pharmacological Management of
OAB
For many years, the only available pharmacological agents

for the management of OAB were antimuscarinic drugs,

starting with oxybutynin in the 1970s.22 Oxybutynin is a non-

selective antagonist of the muscarinic receptor and has a high

incidence of anticholinergic side effects including blurred

vision, dry mouth, and constipation,23,24 and discontinuation

rates are high.25 More M2 and M3 selective agents including

solifenacin,26 darifenacin,27 and fesoterodine28 were devel-

oped in the 2000s, but rates of anticholinergic side effects

remain high and discontinuation is common, with

a systematic review of anticholinergic trials reporting dis-

continuation rates ranging from 4% to 31% and 5% to 20%

in treatment and placebo groups, respectively, at 12 weeks.29

More recently, concerns regarding the cognitive safety of

anticholinergic medications have emerged,30 and the use of

immediate-release oxybutynin is not recommended in older

adults.31 There are data from cross-sectional and longitudinal

studies that exposure to anticholinergic medications in gen-

eral is associated with cognitive decline,30,32,33 and reported

cases of delirium felt to be induced by antimuscarinics for

OAB including solifenacin34 and tolterodine.35 Immediate

release oxybutynin has demonstrable negative effects on

cognition,31 but fesoterodine use does not impact the

MMSE score36 and solifenacin has no detectable effect on

cognition, specifically attention, working memory, episodic

memory, and speed of memory, in elderly people with mild

cognitive impairment.37 Trospium, being a quaternary amine,

does not cross the blood-brain barrier and has no proven

cognitive side effects.38

Mirabegron
Concerns regarding the use of anticholinergic medication

as a treatment for OAB, and in particular in older people,

lead to the investigation of adrenergic receptors in the

bladder as a therapeutic target. β3 adrenergic receptors

account for 95% of the adrenergic receptor DNA in the

human bladder, and activating these receptors induces

relaxation of the detrusor muscle in the filling phase,

thereby reducing urgency.39 Mirabegron, a potent and

selective β3 adrenergic receptor agonist, first became

available for use in the early 2010s,40 and is currently

the only available β3 agonist in most countries. A second

agent, Vibegron, is undergoing Phase III trials41 and is

approved for use in Japan.42 Initial Phase I and II trials

of mirabegron demonstrated safety and dose ranging,43

and were followed by large-scale phase III trials with

placebo and active control, usually tolterodine, both

alone and in combination with an anticholinergic agent,

commonly solifenacin.

Mirabegron as Monotherapy
Khullar et al compared 1978 adults with OAB in a 1:1:1:1

ratio comparing placebo, mirabegron 50mg, mirabegron

100mg, and tolterodine ER 4mg, recruiting from both

Asia and Europe to the SCORPIO trial.44 Although

included as an active control arm, statistical comparisons

with tolterodine were not included in the analysis.

Mirabegron leads to a reduction in the number of incon-

tinence episodes per day (−1.57 and −1.46 for 50mg and

100mg, respectively) compared to placebo and in number of

voids per day, with 1.93 fewer with 50mg and 1.99 fewer

with 100mg mirabegron. The reduction in the placebo

group was 1.34. The mean age of participants in this trial

was 59 (SD 12.3) years, and 173 participants were aged 75

or over, and the trial duration was relatively short at 12

weeks of active treatment.

In the ARIES trial in a North American population, Nitti

and colleagues performed a pooled analysis of three trials

comparing mirabegron 100mg, 50mg, and placebo in a 1:1:1

ratio, finding improvements in incontinence episodes per 24-

h period, reducing from baseline by 1.47 and 1.63 with

mirabegron 50mg and 100mg, respectively.45 Again, the par-

ticipants in these trials were largely young, with a mean age

of 59 years, and although the range of ages was reported

(19–95), the proportion of participants aged >75 was not

given.

Finally, Herschorn et al compared mirabegron 25mg

and 50mg to placebo in a 12-week randomized control

trial.46 They found greater reductions in incontinence epi-

sodes with mirabegron 25mg and 50 compared to placebo

(1.36 and 1.38 fewer episodes per 24 h respectively). In

this group, 37% of participants were aged 65 or older, and
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only 9.6% (125) were aged 75 or older, and age-based

subgroup analysis was not reported.

A systematic review of trials of mirabegron was con-

ducted by Cui in 2014,47 including four RCTs with a total

of 5791 participants. They report that mirabegron was

effective in treating OAB with a greater reduction in

incontinence episodes of 0.44 episodes/day for mirabegron

vs placebo, as well as reduced micturitions per day and

episodes of urgency. They also analysed TEAEs, including

included hypertension, arrhythmia, and urinary retention

finding similar rates of discontinuation for TEAEs in the

active and placebo groups, with pooled odds ratio of 1.22

(95% CI 0.84–1.76). Cui did not report the age range or

mean of the participants in the included trials.

To assess the efficacy and tolerability in older adults,

Wagg and colleagues performed a prospective subgroup

analysis of three 12-week efficacy trials and from a single

one-year tolerability trial examining the effects in the over

65s and over 75s.48 They found no significant differences

in tolerability between the age groups over 1 year of

follow up, with 49% of those in the pooled placebo

group and 55% of those receiving 25mg of mirabegron

experiencing a TEAE, compared to 49% in the tolterodine

arms. The most common TEAEs in the over 65s receiving

mirabegron were hypertension (9.9%), nasopharyngitis

(4.1%) and urinary tract infection (3.1%). There was no

difference in the efficacy between older and younger

adults at 12 or 52 weeks.

Mirabegron as Monotherapy in
Older Adults
Looking specifically at older people, the PILLAR study

was a Phase 4, double-blind, parallel-group study of adults

aged 65 and over.49 Wagg and colleagues recruited 888

adults aged 65 and over, randomising them to placebo

(n=443) or mirabegron (n=445) 25mg or 50mg, with an

option to increase the dose at 4 and 8 weeks. Of those who

received mirabegron, 226 received 25 mg and 219 elected

to titrate to mirabegron 50 mg by the end of the study.

Mirabegron was associated with a reduction in inconti-

nence episodes from baseline of 2.06 episodes per 24 h,

compared to 1.57 for placebo, a greater increase in mean

voided volume compared to placebo (32.44mL vs

18.49mL, respectively), and an improvement in quality

of life, measured with the OAB-q symptom bother ques-

tionnaire, with reductions in the bother score of 18.7 in the

placebo arm and 23.4 in the mirabegron arm of the trial.

Rates of treatment-emergent adverse events (TEAEs) were

similar in all groups, with the most common TEAEs being

headache (5.2% mirabegron, 2.7% placebo). There were

no significant differences in the rates of UTI, headache, or

GI disturbance between the <75 and ≥75 year groups.

Cognitive safety was also assessed, with no statistically

significant change in Montreal Cognitive Assessment

score over the timescale of the study; patients on placebo

experienced a mean change of 0.2 points vs −0.1 and 0.3

points for patients on mirabegron 25 mg and 50 mg,

respectively. The majority of the participants were female

(72%) and had severe symptoms, with the majority having

OAB-wet. In addition, the authors did not assess frailty,

potentially limiting the generalisability to more frail older

adults.

Mirabegron in Combination with Other

Agents
Mirabegron has also been tested in combination with other

agents, typically solifenacin. In a Phase 2 double-blind

RCT, the SYMPHONY trial, 1306 people with OAB

were randomised to 12 groups; 6 of which were combina-

tion therapy (mirabegron 25 or 50 mg with solifenacin 2.5,

5, or 10 mg), 5 monotherapy groups (mirabegron 25 or

50 mg and solifenacin 2.5, 5, or 10 mg), or placebo.50 At

12 weeks those treated with mirabegron 25mg or 50mg in

combination with solifenacin 2.5mg, 5mg, and 10mg had

significant reduction in the primary endpoint, number of

micturitions per 24 h. There was a trend for increasing

effect with increasing doses of solifenacin and mirabegron.

All treatment groups, including placebo, demonstrated

a reduction in the number of urgency episodes from base-

line, and none of the active treatment groups significantly

reduced incontinence episodes compared with placebo. No

dose-related trends in TEAEs, specifically blood pressure,

pulse rate, post-void residual volume, or laboratory or

ECG parameters were observed between combination

and monotherapy groups. There was a slight increase in

constipation in the combination therapy group compared

to the monotherapy and placebo arms. The mean age of

participants was 54.8 years.

The use of mirabegron in combination with solifenacin

was also assessed in the SYNERGY study.51 Adults with

OAB-wet were, after a 4-week placebo run-in, randomized

to solifenacin 5 mg +mirabegron 25 mg (combined S5 +M25

group); solifenacin 5 mg +mirabegron 50 mg (combined S5 +

M50 group); solifenacin 5mg;mirabegron 25mg;mirabegron
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50 mg; or placebo in a 2:2:1:1:1:1 ratio. Changes from base-

line to end of treatment were reported at 12 weeks. The

combination of solifenacin 5mg and mirabegron 50mg was

superior to solifenacin 5mg in terms of incontinence reduc-

tion, with a mean-adjusted difference of −0.2 UI episodes

per day, there was no observed difference between the combi-

nation and mirabegron 50mg monotherapy. Responder ana-

lyses demonstrated the superiority of both combined therapies

vs monotherapies with respect to the proportion of patients

with zero UI episodes and those achieving a normal micturi-

tion frequency. There was a slightly increased frequency of

TEAEs in the combined therapy groups vs monotherapies and

placebo, with 40.4% of those receiving solifenacin 5mg and

mirabegron 25mg, and 37% of those receiving solifenacin

5mg and mirabegron 50mg reporting a TEAE, compared to

33.8% in the placebo arm. Most of the TEAEs were mild or

moderate in severity. The rates of typical anticholinergic

effects were higher in those receiving solifenacin than not,

but were not significantly higher in the combination groups

than the solifenacin monotherapy arms. Of the 3398 partici-

pants, approximately three quarters were female, one third

aged over 65, and 8% over 75. The mean age was 57.

The BESIDE trial52 compared combination treatment

with solifenacin and mirabegron over 12 weeks in adults

who remained incontinent, defined as at least one episode

of incontinence on a 3-day bladder diary, after a 4-week

run-in period of solifenacin 5mg. A total of 2174 patients

were randomised to solifenacin 5mg, solifenacin 10mg, or

solifenacin 5mg with mirabegron 25mg increasing to

50mg after 4 weeks. The primary end point, change from

baseline to end of treatment micturitions per 24 h, demon-

strated greater efficacy (1.8 fever voids per 24 h) with

combination therapy than with solifenacin 5mg (1.53

fewer voids per 24 h), and the combination was non-

inferior to solifenacin 10mg for secondary end-points

including incontinence episodes. Combination therapy

was relatively well tolerated, with lower rates of TEAEs

than solifenacin 10mg at 35.9% and 39.4%, respectively,

and discontinuation rates were low at 1.5% in all groups.

A pre-specified subgroup analysis of BESIDE by age

was performed.53 30.9% of those in BESIDE were aged 65

and over, and 8.9% age 75 and over. When analysed as

a full analysis set (FAS) using age as a stratifying variable,

there were no significant differences between the age

groups in terms of outcome measures, including inconti-

nence episodes, urgency episodes, and voids per 24 h. The

over 75 group had slightly higher rates of constipation in

all three treatment arms, and the rates of TEAEs of

particular concern in older patients (hypertension, tachy-

cardia, palpitations, QT prolongation, UTIs, and falls),

were low (<2%), irrespective of treatment or age.

Cognition was not specifically tested in this trial, and all

the participants were all community-dwelling.

Chapple and colleagues performed a pooled analysis of

10 phase 2 to 4, double bind, 12 weeks studies of mirabe-

gron, comparing those <65 vs ≥65 and <75 vs ≥75.54 In total
11,261 patients were included, with a mean age of 575

years, 33–35% of patients in the full analysis set were

aged 65 years or over, and 7–10% being 75 or over. The

older patients were more likely to have hypertension or

diabetes. Older adults in this analysis had a higher urinary

frequency and more urgency. Men had greater frequency of

nocturia at baseline than women (2.55 vs 1.99, respec-

tively), as well as a greater number of micturitions per 24

h (11.76 vs 11.47). The oldest group, those aged 75 and

over, had higher mean episodes of incontinence per

24 h (2.93 vs 2.58), and nocturia episodes (2.55 vs 1.99).

The overall frequency of TEAEs was around 5–10% higher

in the oldest group compared to the youngest, with the

effect off age more marked in those receiving antimuscari-

nics than those given mirabegron. Mirabegron 25mg and

50mg, solifenacin 5mg, and tolterodine 4mg were all asso-

ciated with greater improvement from baseline than pla-

cebo, with the numerical change from baseline to end of

treatment in incontinence episodes higher in the oldest

group.

Finally, the SYNERGY II trial compared mirabegron

and solifenacin in combination with each agent sepa-

rately, with participants being randomised to mirabegron

50mg, combination of mirabegron 50mg and solifenacin

5mg, or solifenacin 5mg alone in a 1:4:1 ratio following

a 2-week placebo run in period.55 Follow up was for 12

months, and the median age of participants was 61 (range

19–86). The majority of participants (80%) were female

and 34% were aged over 65. 47% of participants experi-

enced at least one TEAE, with 49% in the combination

group, 44% in solifenacin, and 41% in the mirabegron

group. The majority where mild (24%), with 19% being

moderate and 4% severe. The rate of anticholinergic

effects were higher in the solifenacin and combination

groups than mirabegron with dry mouth in 6.1% in the

combination arm, 5.9% with solifenacin and 3.9% with

mirabegron. There were no differences in discontinuation

rates. The primary endpoint, change in incontinence epi-

sodes per 24 hours from baseline, was −2.0 in the com-

bination group, −1.9 with solifenacin, and −1.6 with
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mirabegron (p<0.001), suggesting that combination ther-

apy was superior to monotherapy with either mirabegron

or solifenacin without increased risk of adverse events.

A subgroup analysis of the older participants was not

reported, and it is noteworthy that the most of the parti-

cipants in SYNERGY II had completed SYNERGY or

BESIDE, and may therefore had been preselected as

responding to therapy through recruitment bias.

Pharmacological Management of

Incontinence in the Frail
None of the published studies of mirabegron have

focussed on frail older adults. The fifth International

Consultation in Incontinence notes that:

frail people with UI should be considered for drug treat-

ment only following a comprehensive evaluation of reme-

diable causative factors, and an evaluation for and trial of

appropriate behavioural therapy and lifestyle interven-

tions. Drug treatment should not generally be used for

people who make no attempt to toilet when aided, become

agitated with toileting, or are so functionally and cogni-

tively impaired that there is no prospect of meaningful

benefit,4

And that frailty, not age, should drive treatment decisions.

In older adults, Oelke and colleagues used a DELPHI

method to apply the FORTA (Fit fOR the Aged) classifica-

tion to the available pharmacological agents for OAB.56

Only fesoterodine was granted a FORTA-B (beneficial)

classification, and mirabegron, along with solifenacin, dar-

ifenacin, extended-release oxybutynin, tolterodine, and

trospium were assigned FORTA-C (questionable, use

with caution). FORTA-D (avoid) was assigned to immedi-

ate release oxybutynin and propiverine.

A multicriterion decision analysis has been contrasted

using the available efficacy and safety data from published

randomized and placebo-controlled trials of mirabegron,

antimuscarinic agents, and the combination.57 Sixty refer-

ences were identified and included, covering 14 common

drugs, and an expert panel including urologists, urogynae-

cologists, and geriatricians constructed and validated the

model. The conclusions drawn were that flexible-dose

fesoterodine (4mg or 8mg) provided the highest efficacy,

and mirabegron 25mg the highest tolerability, with the

combination of mirabegron 25mg and solifenacin 5mg

being the closest to the ideal treatment option of perfect

efficacy with no side effects.

Conclusion
OAB is common, under-reported and distressing for older

adults. The available data suggest that mirabegron is as

efficacious as the other available pharmacological agents,

with lower rates of bothersome anticholinergic side effects

and similar overall TEAE rates. The data suggest that,

overall, mirabegron and the newer anticholinergic agents

for OAB are similar in safety and efficacy, with fesoter-

odine having the best FORTA rating of the available drugs.

As with all agents, the data specifically in the very elderly

and frail are sparse, but those which are available do

support the addition of mirabegron to the armamentarium

of treatments for OAB when monotherapy has failed. For

those at higher risk of anticholinergic effects, such as pre-

existing cognitive impairment, neurological disease, and

polypharmacy, mirabegron provides a valuable treatment

option.
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