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Abstract
Introduction Overactive bladder (OAB) represents a dis-
ruption in the storage function of the lower urinary tract.
This bothersome condition occurs more commonly in the
elderly. Since population forecasts predict a worldwide
increase in the proportion of people aged over 65 years, it is
reasonable to expect that the healthcare burden associated
with OAB will also increase. The pathophysiology of OAB
in the elderly is thought to be multifactorial, with an abnor-
mality occurring in the nervous supply and/or the structure/
function of the urothelium or bladder smooth muscle, lead-
ing to bladder hypersensitivity, abnormalities in bladder
sensation (urgency) and involuntary detrusor contraction.
Methods A review of some of the key aspects relating to
management of this growing population was undertaken.
Results The potential for an elderly patient to present with a
number of concomitant conditions means that careful charac-
terization of their overall status is required before deciding on
the most appropriate management option for their urinary
tract pathology. Lifestyle interventions and pharmacological
agents have shown success in treating OAB in the elderly, but
as this patient group often has many concomitant conditions
they are more likely to be seen by a non-urology specialist.
Conclusions It is therefore important to raise awareness of
the condition and an appreciation of its impact among health-
care professionals to ensure the most appropriate care.
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Characteristics of overactive bladder in the elderly 
population

The overactive bladder (OAB) symptom complex repre-
sents the bothersome disruption of storage symptoms
aVecting the lower urinary tract [1]. OAB comprises uri-
nary urgency, with or without urgency incontinence, usu-
ally with frequency and nocturia in the absence of other
pathologies and occurs with a higher incidence in the eld-
erly. Current population forecasts predict a worldwide
increase in the proportion of people aged over 65 years,
with the greatest rise being in those aged over 80 [2]. With
this in mind, it is reasonable to expect that the healthcare
burden associated with OAB and lower urinary tract symp-
toms (LUTS) will also increase.

The NOBLE study estimated the overall prevalence of
this condition in the US population at 16.0% in men and
16.9% in women [3]. As the population ages there is an
overall increase in prevalence of both OAB with urgency
incontinence (wet) and OAB without urgency incontinence
(dry), as shown in Fig. 1. However, there are notable sex-
speciWc diVerences in the prevalence of the diVerent symp-
toms: OAB dry is more prevalent in men than women (13.6
vs. 7.6%; P < 0.0001) and OAB wet is more prevalent in
women than men (9.3 vs. 2.6%; P < 0.0001) with notable
changes in the patterns associated with aging in both sexes.
When considering the elderly population (>65 years) the
prevalence of both OAB “wet” and “dry” further increases
in the male population but not the female population.

The most recent international population-based survey,
the EPIC study [4], was conducted in Wve countries. This
survey assessed LUTS in 19,165 men and women and
determined the prevalence of OAB at 11.8%. This study
used the 2002 ICS deWnitions [5] for the Wrst time and con-
Wrmed previous Wndings that OAB was equally common in
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men and women and that its prevalence increased with age,
although men have a higher prevalence of OAB symptoms
compared with women over 60 years of age.

Epidemiological studies are essential to delineate both
medical and social aspects of disease. Homma et al. [6]
reported a survey on LUTS in 10,096 Japanese respondents
and estimated the incidence of OAB as 12.4% in the gen-
eral population aged over 40; the prevalence increased with
age but there were noticeable diVerences again by gender
and age. The Wndings from this study are therefore consis-
tent with the other US and European studies. However, the
study further reported that health-related quality of life
(HRQoL) was compromised in more than half (53%) of
respondents. OAB notably aVected emotions (42%), sleep/

vitality (37%) and physical capability (34%), but less than
one quarter (23%) had visited a medical institution because
of their urinary problems.

The occurrence of OAB in the aging population there-
fore has important quality of life and economic conse-
quences [7–9]. Urinary incontinence, in addition to
urgency, may be one of the most relevant symptoms given
that other comorbidities may also limit the ability to remain
dry [10]. The impact on the quality of life in this population
is vast; incontinence remains a risk factor for nursing home
placement [11, 12], and links with other conditions, includ-
ing an increased risk of falls and fractures [13], sleep disor-
ders and depression [14, 15]. The factor of age is in itself
likely to exacerbate the problem as elderly men with LUTS
report a poorer quality of life than younger men with the
same condition [16].

Studies [17–19] have repeatedly shown that although
patients consider their daily life to be aVected by OAB, few
actively seek and hence receive treatment. Furthermore,
several factors related to both the patient (low motivation
and acceptance) and the physician (lack of time and knowl-
edge) have been reported to compromise the management
of urinary tract conditions in the elderly [20].

Bridging the gap between physician and patient

The SURPRISE (Survey on the Gap in Perception for
Overactive Bladder between Primary Care Physician and
the Female Patient with Chronic Disease) survey [21] was
initiated on the supposition that many female patients
attending primary care clinics for chronic diseases remain
untreated for OAB symptoms. The study aimed to: evaluate
the present status of OAB symptoms and treatment in
patients attending primary care for chronic diseases; deter-
mine diVerences in perception of the condition between
doctors and patients; and promote primary care and,
thereby, help improve quality of life in patients with OAB.

When primary care doctors in the study were surveyed
they estimated the prevalence of OAB to be 9.5%—in stark
contrast to the 22.4% prevalence rate derived from patient
responses. The rate of OAB increased in older patients with
a prevalence of 29.7% being reported for the over 70 years
age group. As primary care doctors underestimate the prev-
alence of OAB so dramatically, this is likely to result in a
considerable treatment gap. The study conWrmed that less
than half of patients with symptoms receive treatment in the
primary care setting across all the age ranges surveyed.
These data have been validated elsewhere [22].

The SURPRISE study also showed that primary care cli-
nicians’ perception of OAB is at variance with the patient
experience; doctors anticipated that nocturia would be the
most bothersome symptom, whereas patients considered all

Fig. 1 Prevalence of overactive bladder. Prevalence of OAB “dry”
and OAB “wet” with increasing age in men and women (adapted from
Stewart et al. [3])
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symptoms to be equally problematical. Previous works [8,
9] have suggested that the lack of ability to control urgency
and the bother associated with this problem may have a
substantial negative impact on QOL. As bother is a patient-
speciWc issue, many factors, including cultural backgrounds
and lifestyle may aVect “bothersomeness” of individual
OAB symptoms.

Approximately 25% of all patients expressed dissatisfac-
tion with their urinary condition in the SURPRISE study
rising to 30% of the elderly group. When patient tolerance
of their urinary condition was correlated with speciWc
symptoms, urgency was most closely associated with
reports of dissatisfaction. This was particularly the case in
elderly patients where incontinence and nocturia also
showed an increasing association with dissatisfaction rates.
When assessed in terms of treatment satisfaction, a lower
level of urgency symptoms was strongly related to patients’
perception of treatment beneWt. Clearly, initiatives such as
this study are needed to inform on how best to promote
treatment and thereby improve quality of life for elderly
patients.

In the management of OAB, it is important to evaluate
which urinary symptoms are particularly bothersome and
what degree of resolution of these symptoms is perceived
as an acceptable outcome by physicians and by patients.
Robinson et al. [23] demonstrated that when considering
the acceptability of residual symptoms, following treatment
for lower urinary tract dysfunction, there appears to be rela-
tively poor agreement between the views of patients and
clinicians. Nevertheless, storage symptoms of urgency and
urgency incontinence were felt to be unacceptable by both
clinicians and patients, in keeping with previous studies
demonstrating a signiWcant impact of detrusor overactivity
(DO) on patient quality of life [24].

These data suggest that, in the elderly patient, manage-
ment of urgency and urgency incontinence are especially
important for perception of cure and satisfaction with the
management of urinary tract conditions.

The pathophysiology of lower urinary tract function 
in the elderly

The impact of age is multifactorial

Normal bladder function involves a complex interplay
between the urinary tract and nervous system. During Wll-
ing, the healthy bladder functions as a compliant structure
which is capable of relaxation with pressure in the bladder
remaining lower than urethral resistance. Normal micturi-
tion is initiated by a decrease in urethral resistance and
tonic contraction of the detrusor smooth muscle. Symptoms
of OAB are frequently attributable to detrusor overactivity

(DO) causing involuntary contraction, which can result
from neurogenic or idiopathic alterations in bladder physi-
ology; alterations in the properties of the smooth muscle
itself may also result in DO and the associated symptoms of
OAB [25]. In contrast, detrusor underactivity may cause
incomplete emptying and increased post-void residual
urine, and may lead to lower urinary tract symptoms,
including urinary incontinence. A combination of detrusor
overactivity during the Wlling phase and detrusor underac-
tivity during voiding is termed as detrusor hyperactivity
with impaired contractile function (DHIC) [26]. This condi-
tion was reported to occur in one-third of institutionalized
elderly patients—being the second most common cause of
incontinence in this setting [26]. Therefore, DHIC may
have important pathophysiological and therapeutic implica-
tions in the elderly.

The pathophysiology of OAB in the elderly is thought to
be multifactorial in nature (comorbid medical illness, neu-
rological and psychiatric conditions, medications, func-
tional impairments and environmental factors; Table 1);
however, this review concentrates on abnormality occur-
ring in the nervous supply and/or the structure/function of
the urothelium or bladder smooth muscle. These changes
can lead to bladder hypersensitivity, abnormalities in blad-
der sensation (urgency) and DO. A number of lines of evi-
dence indicate that age-related physiological changes may
lead to the development of OAB.

Age-related changes in bladder physiology

In the elderly, the boundaries between neurogenic and non-
neurogenic are uncertain, since age-associated neurogenic
diseases such as subclinical cerebrovascular disorders,
autonomic neuropathy and chronic brain failure commonly
occur. Computerized tomography, magnetic resonance
imaging or functional brain imaging sometimes can detect
the presence of cerebral lesions in elderly patients with
detrusor overactivity [27, 28]. This may distinguish neuro-
genic from idiopathic detrusor overactivity in a consider-
able number of older patients.

With regard to age-related detrusor overactivity in
humans, Elbadawi et al. [29–31] have proposed a possible
explanation based on detailed ultrastructural study. Elec-
tron microscopic Wndings of human detrusor biopsies have
revealed a characteristic structural pattern in specimens
from the elderly with detrusor overactivity. The main ultra-
structural features of this dysfunctional pattern were abun-
dant distinctive protrusion junctions and abutments which it
was proposed mediated electrical coupling between the
muscle cells and were involved in generation of myogenic
contraction in the overactive bladder. In addition, if the
patients had impaired detrusor contractility, there was
superimposed widespread degeneration of muscle cells and
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nerve axons, which matched the special group of elderly
patients with DO (detrusor overactivity) [26]. However, a
subsequent publication failed to show any such association
[32].

Age-dependent alterations in detrusor function have also
been evaluated. Cystometry in conscious rats shows that
bladder compliance decreases with aging [33].

Using animal and human bladder, there are many in vitro
studies regarding the eVects of age on bladder physiology
and pharmacology. Although there were several diVerences
among species, the overall bladder contractile machinery
appears intact in the aged bladder; at least in Wistar rats and
humans no evidence for speciWc alterations of contractile
responses to muscarinic receptor stimulation has been
reported [34–46]. It has been investigated on the possible
changes in the roles of M2 and M3 receptors subtypes with
aging [47, 48]. A study showed no shift in the relative roles
of M2 and M3 receptors in old as compared to young adult
Wistar rat bladders [44]. Similar Wndings were obtained in
both male and female Fisher 344 rats and in female Spra-
gue–Dawley rats, whereas a shift from M3 to M2 receptors
was reported in male Sprague–Dawley rats [49].

Several studies have explored possible alterations in
muscarinic receptor expression or function at a biochemical
level. Receptor expression was unchanged in the bladder of
aged rabbits [50], whereas it was decreased in those of
Wistar rats [44] or humans [51]. In humans, a selective
downregulation of M3 but not M2 receptors was reported at
the mRNA level in the aged bladder, but corresponding
protein data were not reported [45, 51].

Change in �1-adrenergic receptors have been also stud-
ied in animals. The overall data suggest that aging has no
major eVect on �1-adrenergic receptor function in the blad-
der [36, 39, 40, 50, 52, 53].

Studies on the eVect of aging on bladder relaxation by �-
adrenergic agonists have yielded inconsistent results. One
study reported reduced maximum relaxation by norepi-
nephrine, isoproterenol and forskolin but not by dibutyryl-
cAMP against KCl-induced tone in the old animals [54].
Another study detected no alteration in the potency or
eYcacy of isoproterenol to relax isolated bladder strips
[36]. Similar concentration-dependent bladder strip relaxa-
tion by isoproterenol, norepinephrine and the �3-adrenergic
agonists BRL 37,344 and CGP 12,177 in young and old age
groups [34] was reported. In human bladder, it has been
reported that bladder relaxation responses to isoproterenol
and BRL 37,344 and also receptor independently to for-
skolin and dibutyryl-cAMP were lower in a group of sub-
jects in their mid-sixties than in those in their late twenties
[55], indicating that the data may at least partly relate to an
overall reduced ability to relax rather than a speciWc �-
adrenergic receptor desensitization.

A binding study reported that the number of �-adrener-
gic receptors increased in rabbit bladder dome and base
with age [50]. In contrast, a study using male Fischer 344
rats reported a decrease in receptor in aged rats [54]. A sim-
ilar decrease was also reported for human bladder [55].

Taken together these data, the age-related change of
autonomic responsiveness (muscarinic or �1-adrenergic
receptor-mediated contractility or of �-adrenergic relaxation

Table 1 Co-morbid conditions that can cause or contribute to UI in frail elderly persons

Reproduced in part from 4th international consultation on incontinence; Incontinence in the frail elderly; C. DuBeau (Table 2)

Co-morbid medical illnesses Neurological and 
psychiatric conditions

Medications Functional 
impairments

Environmental factors

Diabetes mellitus Stroke Alpha adrenergic agonists Impaired mobility Inaccessible toilets

Degenerative joint disease Parkinson’s disease Alpha adrenergic antagonists Impaired cognition Unsafe toilet facilities

Chronic pulmonary disease Normal pressure 
hydrocephalus

Angiotensin converting 
enzyme inhibitors

Unavailable 
caregivers for 
toileting assistance

Congestive heart failure
Lower extremity 

venous insuYciency

Dementia 
(Alzheimer’s, 
multi-infarct, others)

Anticholinergics

Sleep apnea Depression Calcium channel blockers

Severe constipation 
or fecal impaction

Cholinesterase inhibitors

Diuretics

Lithium

Opioid analgesics

Psychotropic drugs

Selective serotonin 
re-uptake inhibitors
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of the urinary bladder) may have some contribution to detrusor
overactivity and urgency in the elderly.

We previously demonstrated that age-related changes
may occur in the neuronal transmissions that modulate
bladder function [56]. In general, stimulation of cholinergic
nerves leads to the release of both acetylcholine and ATP.
Neuronal acetylcholine stimulates the M3 and M2 musca-
rinic receptors, leading to contraction of detrusor smooth
muscle and the bladder as summarized in Fig. 2 [57].

In addition there is likely to be an atropine-resistant
(purinergic) component to bladder smooth muscle contrac-
tion, whereby ATP causes stimulation of P2X1 receptors
that activate calcium channels and cause calcium inXux into
smooth muscle cells. It has been suggested that purinergic
neurotransmission triggers bladder contraction, with cho-
linergic neurotransmission mediating urinary emptying. In
the normal bladder it is estimated that the ATP-induced,
purinergic component is responsible for less than 10% of
bladder contractions.

Our own in vitro studies with human bladder tissue
have shown that cholinergic bladder contraction decreases
with age, while purinergic contraction increases [57].
Increased purinergic activity in the elderly may be related
to symptoms of urgency and the other components of
OAB and DO, whereas decreased cholinergic activity
may contribute to detrusor weakness. These changes in
neurotransmission may be the mechanism behind the
combined picture of DO with impaired contraction seen in
the aging bladder.

According to these Wndings, it could be anticipated
that age-related changes in bladder physiological pro-

cesses may aVect the eYcacy of OAB treatments in elderly
patients; however, the data do not support this hypothesis.
A study by Zinner et al. [58] evaluated the use of the mus-
carinic receptor antagonist tolterodine (targeting M2 and
M3 receptor types) and showed no signiWcant diVerence in
the mean reduction in incontinence episodes per week or
symptoms of urgency when comparing older (¸65) and
younger (<65) patients. Comparable eYcacy in older and
younger patients has also been demonstrated for the musca-
rinic receptor antagonists darifenacin [59] and solifenacin
[60, 61]. Clinical Wndings have shown solifenacin to be
eVective in reducing the incidence of urgency, inconti-
nence, micturition symptoms and to increase voided vol-
ume in the elderly. These studies indicate that age-related
physiological changes in the bladder do not compromise
the eYcacy of antimuscarinic agents at ameliorating the
symptoms associated with this condition.

The relevance of the bladder urothelium

Recently, important functions of the bladder urothelium
have been brought to light. The urothelium releases a vari-
ety of chemical mediators (ATP, prostaglandins, tachyki-
nins, vasoactive intestinal polypeptide and nitric oxide)
following bladder distension or other stimuli, which modu-
late signaling through aVerent C neurons as summarized in
Fig. 3 [62]. In particular, a non-neuronal cholinergic system
present in the urothelium/suburothelium has been shown to
mediate acetylcholine release from stretched human blad-
der tissue (non-neuronal ACh) [63].

Recent reports had demonstrated that non-neuronal ACh
release may contribute to various pathophysiologic condi-
tions. In our study, non-neuronal ACh release increased and
was signiWcantly greater in stretched bladder strips with
intact urothelium when compared with those without uro-
thelium. The release was also related to the degree of
stretch (elevation of resting tension) and age of the bladder

Fig. 2 Neurotransmitter induction of bladder smooth muscle contrac-
tion. Stimulation of cholinergic nerves releases both acetyl choline
(Ach) and adenosine triphosphate (ATP). Ach will act on muscarinic
M3 and M2 receptors. ATP will act to increase intracellular calcium
that gives rise to the purinergic, atropine-resistant contraction of the
detrusor smooth muscle (Adapted from information in Bayliss et al.
[57])

Fig. 3 Bladder urothelial mechanico-aVerent transduction. (adapted
from Yoshida M et al. [62])
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tissue donor. We hypothesize that an increase in the resting
tension of bladder strips represents a condition similar to
the distension of the bladder wall during the storage phase
of the micturition cycle. Thus, it could be postulated that
during the storage phase there is ongoing stimulation of
detrusor tone due to ACh release from non-neuronal
sources such as the urothelium.

Non-neuronal ACh from the urothelium may subse-
quently enhance the muscarinic receptor-mediated myo-
genic contractile activity of the detrusor, which may
already be increased in patients with DO [62]. This
increased myogenic activity may, in turn, increase the Wring
of aVerent nerves and contribute to OAB symptoms. It is
also possible that non-neuronal ACh directly acts on aVer-
ent nerves to activate bladder sensation.

There is limited evidence to suggest that muscarinic
receptors are present on the urothelium, suburothelium
and aVerent terminals that supply the bladder. Hawthorn
et al. [64] reported a 1.5 times greater number of musca-
rinic receptors in the urothelium than in the smooth mus-
cle layer in the pig bladder. A recent publication by
MansWeld et al. [65] also demonstrated a high density of
M2 muscarinic receptors in the human bladder mucosa.
Furthermore, Mukerji et al. [66] reported that M2 and M3

immunoreactive staining was present in human detrusor,
myoWbroblast-like cells, the nerve Wber bundle, and the
dorsal root ganglion of small and medium sensory neu-
rons in the suburothelium. These muscarinic receptors
could be targets for non-neuronal ACh produced by the
urothelium.

Detrusor overactivity and treatment mechanisms

DO, the prevalence of which increases with age, is the main
underlying cause of OAB symptoms. However, in older
individuals sphincter function, urine output and sensation
may modify the clinical manifestations of DO. Certainly,
DO is linked with a decrease in bladder capacity and
increased bladder sensation [67, 68].

Muscarinic receptor activation is involved in DO and
is, therefore, the most common drug treatment target for
OAB. It is supposed that antimuscarinic drugs act mainly
during the storage phase of the micturition cycle, by
increasing bladder capacity and decreasing urgency [69,
70]. During the storage phase, there is normally no para-
sympathetic nerve activity [71]. However, increased
non-neuronal ACh release during storage is thought to
stimulate DO and thereby contribute to OAB. It is, there-
fore, possible that antimuscarinic drugs have inhibitory
eVects on muscarinic receptors activated by non-neuronal
ACh. Our studies [63] may also provide useful information
about the mechanism of action of antimuscarinic drugs
during the storage phase.

Considerations for the management of overactive 
bladder in the elderly

A number of factors complicate both the diagnosis and
management of OAB in the elderly; therefore, a clear eval-
uation process to achieve a diVerential diagnosis is impor-
tant. These factors are associated with a general
deterioration in physical and cognitive function and the
requirement for medications to treat concomitant condi-
tions. Coexisting conditions that need consideration during
the management of OAB are numerous and include (but are
not limited to) cardiovascular conditions, neurological dis-
ease, dementia and sleep disorders. Cognitive impairment
is an important issue when considering the use of pharma-
cological treatment of OAB, particularly as there is a spec-
trum of disability that can range from age-related cognitive
impairment to true dementia which increases with age [72].

The potential for an elderly patient to present with a
number of concomitant conditions means that careful char-
acterization of their overall status is required before decid-
ing on the most appropriate management option for their
urinary tract pathology. As elderly patients often have
many concomitant conditions they are more likely to be
seen by a non-urology specialist. It is, therefore, more
important to increase the awareness and depth of under-
standing of OAB in this growing patient group.

Maximizing treatment options

EVective OAB management in older patients, using a com-
bination of non-pharmacological and pharmacological
approaches, is dependent on an accurate diagnosis with a
comprehensive medical history and medical/neurological
examinations, including urinalysis, use of a voiding diary,
details of current drug regimen along with additional spe-
cial assessments in certain patient groups.

Non-pharmacological therapies, such as behavioral modi-
Wcation [73], may oVer some symptomatic beneWt and should
be implemented in all patients with OAB. The older patient
or their healthcare provider should also be encouraged to
implement strategies such as Xuid management and altera-
tions in diet, avoidance of bladder irritants alongside bladder
retraining, pelvic Xoor exercises and where appropriate pre-
emptive or prompted voiding. The author of a recent review
[74] also suggested that, in his opinion, care should be taken
to ensure older patients do not reduce their Xuid intake exces-
sively, as chronic dehydration and increased urine concentra-
tion can irritate the bladder wall and worsen symptoms.

Antimuscarinic therapy, with or without behavioral ther-
apy, currently represents the standard of care for patients
with OAB [75]. Data have been presented on the eYcacy
and tolerability of some therapeutic agents in older patients,
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including tolterodine [58], darifenacin [59], solifenacin [60,
61], trospium [76] and transdermal oxybutynin [77]. Pooled
analysis of data from over a thousand patients with a mean
age over 70 years using solifenacin shows a clear link
between the resolution of urgency and restoration of conti-
nence (Fig. 4) [61].

When selecting an antimuscarinic agent for the manage-
ment of OAB in an older patient, consideration should be
given to: evidence of clinical eYcacy; the frequency of
anticholinergic adverse events such as dry mouth; the like-
lihood of detrimental CNS eVects (including cognitive
impairment [78] and sleep disturbance); and the potential
for interaction with ongoing pharmacotherapies. In higher-
functioning nursing home residents, recent evidence on
dual use of anticholinergics and cholinesterase inhibitors
has suggested some functional decline with combined treat-
ment compared with the use of cholinesterase inhibitors
only [79]. Many medications have anticholinergic proper-
ties, and thus the potential for additive eVects must be taken
into account. Biotransformation by the cytochrome P450
(CYP450) system is an important step in the elimination of
a large number of agents, although the extensive literature
base of this is outside the scope of this article. Critical also
are the pharmacokinetic changes in older persons in drug
absorption, distribution, metabolism and clearance which
must be taken into consideration for a patient on polyphar-
macy.

Conclusion

The prevalence of OAB, and hence urgency, increases with
age, with urgency incontinence being a proportionately

greater problem in the elderly population. United Nations
estimates indicate that the proportion of individuals aged
over 65 years is likely to increase in developed countries
from 15% of the population in 2005 to about 26% in 2050
[2]. In certain countries such as Japan this ratio will
increase even more dramatically (from 20 to 38%). Hence,
in the future, the eVective management of conditions such
as overactive bladder in the elderly will be a major issue.
Better understanding of the pathological changes associated
with such conditions will be key to optimizing treatment in
this growing patient group.

ConXict of interest statement MY has received support from and
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