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Abstract

Introduction and hypothesis The aim of this study is to report cognitive dysfunction with commonly used antimuscarinic over-
active bladder medications in patients suffering from overactive bladder disorder with and without baseline neurologic conditions.
Methods We conducted an Ovid MEDLINE, Embase, and PsycINFO search from January 1998 to December 2018 using
PRISMA guidelines. Eighteen studies met the inclusion criteria, including 5 randomized controlled trials and 13 observational
studies.

Results Cognitive decline was reported with oxybutynin use (5 of 8 studies) and tolterodine use (4 of 7 studies) among patients
with and without baseline cognitive impairment. Oxybutynin use was linked to functional, mental, and behavioral decline among
patients with Alzheimer’s disease (2 studies). No cognitive decline was detected among patients with and without baseline
cognitive impairment taking trospium (6 studies), darifenacin (3 studies), imidafenacin (2 studies), and fesoterodine (1 study).
Solifenacin was not associated with cognitive decline (2 studies) but was linked to an increased risk of dementia among patients
with diabetes (1 study).

Conclusion In this review, cognitive decline was reported with oxybutynin and tolterodine use and should be used with caution in
adults over 65 years of age. Solifenacin, fesoterodine, and imidafenacin showed mixed results related to central nervous system
effect. Trospium and darifenacin were not associated with cognitive decline among patients with and without baseline cognitive
impairment.
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Introduction without urge urinary incontinence, in the absence of uri-
nary tract infection or other obvious pathology [1]. The
National Overactive Bladder Evaluation (NOBLE)
Program found OAB disorder to be highly prevalent with
16.9% of women affected in the US. OAB increases sig-
nificantly with age affecting 2% of women 18 to 24 years
of age and 19.1% of women 65 to 74 years of age [2].
Although prevalence of this disease among men and
women is similar, more women experience incontinence
with OAB than men, and as a result, women have worse

Overactive bladder (OAB) is defined as urinary urgency,
usually accompanied by frequency and nocturia, with or
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quality of life [2]. OAB is a disorder that not only nega-
tively impacts quality of life, but also carries a significant
economic burden. Approximately $7.4 billion is spent on
OAB care for women annually, with $1.1 billion due to
pharmacologic treatment [3]. With increasing prevalence
of OAB with age and the anticipated nearly doubling of
the world’s population over 60 years old from 12% to
22% between 2015 and 2050, OAB can be expected to
become an even larger public health concern [4].
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Although numerous conservative non-pharmacologic treat-
ment options exist for OAB, including behavioral modifica-
tions, bladder training, and pelvic floor muscle training [5],
the mainstay of therapy is the pharmacologic management of
OAB symptoms in the form of anticholinergic medications
and beta-3 adrenergic receptor agonists [5—7]. Bladder anti-
cholinergics exert their action by blocking the muscarinic M;
receptors on the bladder smooth muscle that control bladder
contractions, whereas beta-3 agonists bind (33 adrenergic re-
ceptors in the bladder leading to detrusor muscle relaxation
[8]. Anticholinergic use is common with an estimated 51% of
the general population on these medications [9, 10]. Data on
prevalence of OAB medication use in women are limited.
According to a cross-sectional study using the 2009 National
Ambulatory Medical Care Survey database, active OAB med-
ication use was estimated to occur in approximately 8 million
ambulatory visits at an annual rate of 68 visits per 1000 wom-
en [3].

Anticholinergic medications have long been used
with caution because of their side effects profile, such
as dry mouth, constipation, blurry vision, and altered
cognition [11]. The Beers Criteria developed by the
American Geriatrics Society strongly recommends the
avoidance or minimization of the use of anticholinergic
drugs due to the associated increased risk of cognitive
decline [11]. Bladder antimuscarinic agents including
oxybutynin, tolterodine, darifenacin, fesoterodine,
solifenacin, and trospium are on the list of medications
with strong anticholinergic properties for potentially in-
appropriate medication use in older adults [11]. Studies
have shown that older adults are at increased risk of
adverse drug events, particularly related to cognitive de-
cline [9].

Polypharmacy is more common in older adults who are at
greater risk of taking multiple medications with anticholiner-
gic properties. These medications are routinely used for the
management of common conditions such as asthma, urinary
incontinence, and various psychiatric disorders and in aggre-
gate may contribute to a higher anticholinergic burden.
Anticholinergic burden refers to the cumulative effect of tak-
ing multiple drugs with anticholinergic activity simultaneous-
ly [11]. Several anticholinergic risk scales have been devel-
oped to quantify anticholinergic burden [12]. Although there
is no consensus on a standardized tool for measuring anticho-
linergic burden, studies have shown that higher anticholiner-
gic burden is associated with poorer cognitive and functional
outcomes [12]. Ancelin et al. found that these adverse effects
on multiple areas of cognitive dysfunction—reaction time,
attention, memory, and recall—may not arise exclusively
from using an individual agent with strong anticholinergic
effects, but rather from a synergistic effect of multiple medi-
cations with varying degrees of anticholinergic effects [9].
Several factors play a role in CNS side effects of OAB
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anticholinergic agents including M; subtype muscarinic re-
ceptor affinity in the brain, which principally mediates cogni-
tion and memory.

Important CNS side effects like cognitive decline in rela-
tion to OAB anticholinergic use have not been well studied
resulting in insufficient data for metanalyses. In 2018, the
Agency for Health and Quality released a systematic review
update on nonsurgical treatments for urinary incontinence in
women. This review was largely focused on comparative ef-
fectiveness of pharmacologic interventions from 95 studies
and included limited data on adverse effects pertaining to cog-
nitive function [13]. A recent study by Coupland et al. found
evidence linking anticholinergics with an increased risk for
sustained cognitive deficits such as dementia [14]. The odds
ratio for dementia among patients with high exposure to blad-
der anticholinergics was 1.65 [14]. The aim of this review is to
comprehensively summarize cognitive dysfunction with com-
monly used overactive bladder medications in patients with
and without baseline neurologic conditions.

Material and methods

This systematic review was conducted following the PRISMA
guidelines. We conducted an Ovid MEDLINE, Embase, and
PsycINFO search for articles between January 1998 and
December 2018. Ethics approval was not required for this
systematic review. The databases were searched using key-
words including overactive bladder (OAB), urinary inconti-
nence (UI), detrusor instability, urge incontinence, cognition,
memory, dementia, and OAB medications/drug classes. An a
priori systemic review protocol was developed by the authors
of this review. Two authors (VD, Al) reviewed the abstracts
for content and relevant outcomes. Inclusion criteria were
formed using the population, intervention, comparison, out-
comes, and study designs. The population of study included
female patients > 18 years of age with OAB. The intervention
under study was use of bladder anticholinergic medications
including darifenacin, oxybutynin, tolterodine, trospium,
imidafenacin, solifenacin, and fesoterodine and a beta-
adrenergic agonist, mirabegron. Among the studies identified,
comparison groups included pre- and post-treatment findings,
placebo, or no treatment. The outcomes included were cogni-
tive decline measured by various cognitive-related assess-
ments and diagnosis of dementia or irreversible cognitive de-
cline. Data on mean age, sample size, bladder antimuscarinic
medications, length of follow-up, presence or absence of cog-
nitive impairment, severity of cognitive impairment, presence
of Alzheimer’s disease or other neurologic conditions, and
comorbidities were extracted. Studies were excluded if full
text was not available in English or if they did not address
the objective of this systematic review. Length of follow-up
was not a criterion for exclusion. Both reviewers read the full-
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text articles to assess if data presented in the articles contrib-
uted to the review. Disagreements were resolved through re-
view and discussion of the objectives of the study.

All studies measured level of baseline cognition and cognition
following medication use. There is currently no gold standard for
cognitive impairment screening and quantifying the severity of
cognition [15]. Therefore, numerous forms of cognitive assess-
ments were utilized in the reviewed studies. Most (9/18) studies
utilized the Mini-Mental Status Exam (MMSE) [16-24]. Three
studies used activities of daily living (ADL) as a measurement
[18, 23, 25]. Three studies assessed cognition using Hopkins
Verbal Learning Test-Revised (HTLV-R) [21, 26, 27]. Two
studies measured cognition with the D2 test of attention [28,
29]. Two studies used Alzheimer’s Disease Assessment Scale
(ADAS—Cog) [16, 30]. Other cognitive assessment tools that
were used to measure changes in cognition included the Brief
Visuospatial Memory Test-revised, California Verbal Learning
Test, Cognitive Drug Research (CDR) computerized testing,
cognitive performance scale, confusion assessment method, digit
span, divided attention subtest from the test battery of
Zimmermann and Fimm, Epworth Sleepiness Scale, frontal as-
sessment battery, Geriatric Depression Scale, gestalt closure test
from the Kaufmann Assessment Battery, Lawton Brody
Instrumental ADL Scales, MDS Cognition Scale, memory scan-
ning sensitivity, Mini-Mental Status X, Mini-Cog evaluation,
number combination test, Orientation, Memory &
Concentration short form, severe impairment battery, speed of
choice reaction time, Stroop test, Thurstone word fluency test,
Trails Making Test Part A and B, visuospatial performance sub-
tests from the Hamburg-Wechsler Adult Intelligence Test, word
recognition sensitivity, and Yesavage Geriatric Depression Scale.

The quality of each of the included studies was assessed by
the two authors (VD, Al). Studies were graded as good (A),
fair (B), or poor (C), based on study design, study length,
population, and outcome measures. The aforementioned
criteria were all taken into account in determining the overall
quality of evidence using modified guidelines taken from the
Grades for Recommendation, Assessment, Development and
Evaluation (GRADE) system [31]. Disagreements about grad-
ing were resolved through thorough review of the evidence
and discussion of criteria in question. An assessment of the
quality of evidence reported by the studies included in this
review are given in Table 1. All data are reported in accor-
dance with the PRISMA statement.

Results

The MEDLINE, PubMed, and PsycINFO searches yielded a
total of 427 articles: 151 articles from Ovid MEDLINE, 211
from Embase, and 65 from PsycINFO. Eighteen studies met
the inclusion criteria, including 5 randomized controlled trials
and 13 observational studies. A diagram showing the flow of

information through the different phases of review is given in
Fig. 1. Studies included seven out of eight OAB medications
that were identified prior to conducting this review. These
include oxybutynin, tolterodine, solifenacin, trospium,
imidafenacin, fesoterodine, and darifenacin. There were no
cognitive studies identified for mirabegron, a beta-adrenergic
agonist included in this review, during the selected time peri-
od. Levels of cognition and function were measured with
varying cognitive assessments including most commonly the
Mini-Mental Status Exam (MMSE), Hopkins Verbal
Learning Test-Revised (HTLV-R), and Activities of Daily
Living (ADL).

Cognitive decline was reported with oxybutynin (5 of 8
studies) [13, 25, 32-34] and tolterodine (4 of 7 studies) [15,
16, 25, 33] use among patients with and without baseline
cognitive impairment. Oxybutynin use was linked to function-
al, mental, and behavioral decline among OAB patients with
Alzheimer’s disease (2 studies) [16, 25]. No cognitive decline
was detected among OAB darifenacin (4 studies) [19, 20, 23,
30], imidafenacin (2 studies) [21, 22], and fesoterodine (1
study) [29]. Solifenacin was not associated with cognitive
decline (2 studies), [22, 32] but was linked to an increased
risk of dementia among patients with diabetes (1 study) [33].

Neurocognitive dysfunction by bladder
antimuscarinic agent

Oxybutynin

Of'the 18 studies included in this review, 8 investigated the effect
of oxybutynin use on cognition among patients receiving treat-
ment for overactive bladder. Of the eight studies, five showed
cognitive decline with oxybutynin use [13, 25, 32-34]. Seven out
of the eight studies included patients with baseline cognitive
impairment [16, 17, 23, 25, 30, 32, 34]. Yang et al. conducted
a cohort study of diabetic patients without baseline dementia,
which showed increased dementia event rates in patients receiv-
ing oxybutynin compared to nonusers in a 6-year follow-up pe-
riod [33]. The adjusted hazard ratios compared to nonusers of
oxybutynin was 2.35 (95% CI, 1.96 to 2.81) [33]. There was no
difference in scores determined by the confusion assessment
method, a quick and simple diagnostic tool for identification of
delirium between oxybutynin (5 mg ER daily) and placebo in a
randomized control trial in a short-term treatment period of
4 weeks [17].

Tolterodine

Seven studies investigated the effect of tolterodine use on
cognition among patients receiving treatment for overactive
bladder. Of the seven studies, four showed cognitive decline
with tolterodine use [15, 16, 25, 33]. Of these four studies, one
study included patients with dementia who were also taking
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cholinesterase inhibitors (Chls) [25]. This prospective cohort
study by Sink et al. demonstrated that dual use of CI and
tolterodine or oxybutynin may result in greater rates of func-
tional decline than uses of Chl alone in higher functioning
participants with dementia, although no significant differences
in ADL scores were found [25]. The study by Diefenbach
et al. detected a significant decrease in rapid eye movement
sleep in tolterodine users with at least one deficient CYP2D6
allele, although no changes in cognition were observed [28].
In one prospective observational study, there was no negative
impact observed in cognitive function in older adults with or
without Alzheimer’s disease with tolterodine use in a 6-month
follow-up period [23].

Solifenacin
Of the four studies identified in this review, two showed an

association of cognitive decline with solifenacin use [29, 33].
In a study of patients with diabetes exclusively, solifenacin

@ Springer

use showed increased dementia event rates compared to non-
use within a 6-year follow-up period (3.9%, 1.2%, p <0.001)
[33]. In this study, solifenacin use had the lowest risk of sub-
sequent diagnosis of dementia for adjusted hazard ratios com-
pared to nonuse compared to oxybutynin and tolterodine [33].
A prospective cohort study investigated the effect of
solifenacin on cognition in patients with a mean age of
78 years and did not observe a change in MMSE scores at
baseline and after 12 weeks of treatment [22]. Krebs et al.
investigated the effect of solifenacin, fesoterodine, or
darifenacin on cognition in patients with spinal cord injury
and detrusor overactivity and found a decline in immediate
recall, but no significant change among other measures of
cognition in 29 individuals [29].

Trospium

Of the 18 studies included in this review, 6 investigated
trospium use on cognition in overactive bladder treatment.
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Two studies included participants with baseline cognitive im-
pairment. Of the six studies that investigated trospium use, no
cognitive decline was detected among OAB patients with and
without baseline cognitive impairment [18, 21, 23, 27, 32].
One prospective cohort study demonstrated that dual use of
galantamine, a cholinesterase inhibitor, and trospium for
6 months in the elderly with Alzheimer’s disease did not have
negative effects on cognition based on MMSE and ADL
scores [18]. Staskin et al. showed that use of extended release
trospium chloride 60 mg daily for 10 days was undetectable in
cerebrospinal fluid samples [27]. Concurrently, there was no
decline in performance on tests of memory and recall detected
before and after trospium administration [27].

Imidafenacin

Sakakibara et al. investigated the effect of imidafenacin on
cognitive function among 62 patients with neurogenic OAB
and a mean MMSE score of 21.8 (0-30 scale, normal > 24)
[19]. No changes were observed in cognitive function, which
was assessed with MMSE scores, ADAS-cog, and frontal as-
sessment battery over a 3-month follow-up. Patients had a
mean age of 70 years and various baseline neurocognitive
diseases including Alzheimer’s dementia, Parkinson’s dis-
ease, Lewy body dementia, multiple system atrophy, and
frontotemporal dementia [19]. A subsequent post-marketing
surveillance study by Sakakibara et al. showed no change in
cognition after a longer follow-up period of 1 year [20]. Mini-
Mental Status Exams administered prior to and after
imidafenacin use showed that the drug had no effects on cog-
nitive function of patients with mild cognitive impairment
[20].

Fesoterodine

Krebs et al. studied the use of fesoterodine, solifenacin, and
darifenacin among cognitively intact patients with neurogenic
bladder following spinal cord injuries in a prospective cohort
study of 29 individuals (control group 19, antimuscarinic
group 10) [29]. Of the ten individuals in the antimuscarinic
group, two took fesoterodine 8 mg once daily during the 3-
month treatment period [29]. Overall, there was no cognitive
deterioration in the spinal cord injury patients with
antimuscarinic treatment based on neuropsychologic testing
[29].

Darifenacin

Four studies analyzed the cognitive effects of darifenacin
among patients being treated for overactive bladder. Among
both patients with and without baseline cognitive impair-
ments, darifenacin was not found to negatively impact cogni-
tive function [23, 29, 30, 35]. In a double-blind, cross-over

study, Lipton et al. found that both immediate release and
controlled released darifenacin had no cognitive impact on
patients with mild or no baseline cognitive impairment [35].
Three studies, all of which included darifenacin as one of their
antimuscarinic treatment arms, found that the use of
darifenacin did not impact short-term cognition among pa-
tients with varying degrees of baseline CNS impairment in-
cluding dementia, Parkinson’s disease, and spinal cord injury
[23, 29, 30].

Discussion

This systematic review provides an evaluation of the current
literature on the cognitive impact of overactive bladder med-
ications by specifically examining the neurocognitive effect of
specific OAB medications on healthy patients and patients
with baseline neurologic conditions including, but not limited
to, those with dementia and Alzheimer’s disease. This review
subdivides each medication, which may help healthcare pro-
viders when making decisions on which continence medica-
tion to prescribe. In this review, cognitive decline was report-
ed with oxybutynin and tolterodine use. Solifenacin showed
mixed results related to central nervous system effect.
Trospium and darifenacin were not associated with cognitive
decline among patients with and without baseline cognitive
impairment. There were too few of studies for imidafenacin
and fesoterodine to come to a conclusion regarding CNS ef-
fects. During the 10-year search period for this review, there
were no studies identified evaluating the cognitive effect of
mirabegron, the single beta-adrenergic agonist approved for
use at that time. Recently, the results of a phase 4, randomized,
placebo-controlled study (PILLAR) have become available.
The PILLAR study measures differences in cognitive function
between mirabegron and placebo using the Montreal
Cognitive Assessment (MoCA) test, a validated clinical
screening instrument for mild cognitive impairment [36]. It
concluded that the 12-week treatment with mirabegron does
not impact cognitive function compared to placebo in patients
65 years or older [36].

For the 18 studies included in this systematic review, we
were unable to perform metanalysis because of heterogeneity
in study design and outcomes (see Table 1). To date, no stan-
dardized cognitive screening tool has been adopted as a uni-
versally accepted measure of cognitive dysfunction to be used
in research, as reflected by the diversity of cognitive assess-
ment tools observed in the studies included in this review.
Significant heterogeneity was observed, which may have re-
sulted from different study populations. One study looked at
patients with spinal cord injuries [29], whereas another study
looked exclusively at patients with type 2 diabetes [33]. The
majority of the studies were observational and deemed low to
fair in quality of evidence. Confounding factors, including
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polypharmacy, might have introduced bias into observational
studies looking at the relationship of cognition and OAB med-
ications. Comparative trials of different bladder
antimuscarinics were not identified. Follow-up periods for
the included studies were short term, ranging from 2 weeks
to 6 years. Future clinical research should focus on standard-
ization of cognitive assessment in a clinical setting, compara-
tive studies of cognition decline among OAB pharmacologic
therapies, as well as long-term and reversibility of effects on
neurocognitive dysfunction, while translational research
might focus on other than systemic delivery methods for these
pharmacologic agents.

Aside from these limitations, differences among bladder
anticholinergics with respect to CNS side effects were ob-
served in this systematic review. These differences may be
related to differences in their pharmacokinetic properties in
relationship to central cholinergic pathways. There are two
main types of acetylcholine receptors, nicotinic and muscarin-
ic, based on their natural alkaloid agonists, nicotine and mus-
carine, respectively. Muscarinic receptors are abundantly
expressed throughout the brain and can be found in various
other tissues in the body, such as the salivary glands, bladder,
and gastrointestinal system. The M1 receptor is the most
abundant muscarinic acetylcholine receptor subtype in brain
[8]. It plays an essential role in many cognitive functions such
as learning and memory.

Pharmacokinetic factors play an essential role in CNS side
effects of OAB anticholinergic agents. Available bladder
antimuscarinics vary in their selectivity for muscarinic recep-
tor types.

Both oxybutynin and tolterodine do not have M3 over M1
subtype selectivity. In this review, newer bladder anticholin-
ergics like solifenacin, fesoterodine, and imidafenacin showed
mixed results related to central nervous system effect and are
known to have higher M3 over M1 subtype selectivity.

Properties of crossing the blood-brain barrier (BBB) also
play a role in CNS side effects of bladder antimuscarinics.
Oxybutynin and tolterodine are lipophilic molecules easily
penetrating the BBB and centrally binding M1 subtype recep-
tors. Trospium, a quaternary amine, is a large, hydrophilic
molecule that does not readily cross the BBB [8]. Active drug
efflux transporters located on endothelial cells of the BBB are
another component of barrier function. These transporters,
such as P-glycoprotein (P-gp), actively pump substances from
the central circulation back into the systemic circulation.
Darifenacin and trospium have been shown to be substrates
of P-gp, limiting their cerebral vasculature permeability [8].

Aside from known pharmacokinetic properties of bladder
anticholinergics, there is growing evidence that older adults
are particularly sensitive to anticholinergic effects because of
the age-related decrease in cholinergic neurons in the brain,
reduction in hepatic and renal drug metabolism, and an in-
crease in BBB permeability [8]. From animal studies, there
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is a suggested loss of M1 receptors in the brain [37] and
possibly a stronger affinity of the anticholinergic medication
binding to these M1 receptors. With use of nonselective anti-
cholinergics like oxybutynin and tolterodine that bind and
antagonize the already diminished M1 receptors in the brain,
there is a risk of cognitive impairment. Newer bladder anti-
cholinergics are more selective for M3 receptors. The risk of
using these newer agents to bind to M1 receptors in the brain
is lower, and they are expected to cause less cognitive impair-
ment, which may explain what was seen in the studies that
were included in this review.

Polypharmacy and the risk of higher anticholinergic burden
disproportionately affect older adults [9]. A systematic review
and meta-analysis performed in 2015 showed that exposure to
drugs with anticholinergic effects (DACEs) as a class was
associated with an increased odds ratio of cognitive impair-
ment (OR 1.45; 95% CI, 1.16, 1.73) [38]. Of the 18 studies
included in the 2015 systematic review, only 3 examined in-
dividual drugs with anticholinergic properties with
oxybutynin and tolterodine as the only OAB anticholinergics
included in their search strategy. This systematic review offers
additional data on cognitive dysfunction and newer bladder
anticholinergics.

Another component that compromises the BBB is the pres-
ence of comorbid conditions, such as multiple sclerosis, type 2
diabetes mellitus, Parkinson disease, and Alzheimer’s. In this
review, a single study showed solifenacin use was associated
with cognitive decline in diabetic patients [28]. In such con-
ditions like type 2 diabetes mellitus, all anticholinergic agents
can more easily cross the compromised or more permeable
BBB.

Exposure to anticholinergics—a broad class of medications
which includes antidepressants, anti-Parkinson drugs, antipsy-
chotic drugs, bronchodilators for respiratory disorders, and
bladder antimuscarinics—has come under scrutiny given
emerging evidence which shows an association with increased
risk of developing dementia [ 14]. In particular, Coupland et al.
suggest that 10% of all dementia cases may be due to anticho-
linergic medication exposure—a much higher proportion
when compared to estimates of modifiable risk factors for
dementia such as 5% for mid-life hypertension, 3% for diabe-
tes, and 6.5% for physical inactivity [24]. Tertiary-tier thera-
pies, including posterior tibial sacral nerve stimulation, sacral
neuromodulation, and intravesical injection of botulinum tox-
in A should be considered not only in refractory cases, but also
in cases with heightened concern for cognitive dysfunction.
Based on these existing studies and the findings from our
review, we propose and summarize these major points:

*  Oxybutynin and tolterodine should be used with caution
in elderly adults suffering from OAB symptoms, especial-
ly in those who have baseline CNS deficits.
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* Consider beta-3 agonist mirabegron for the treatment of
OAB symptoms in patients with baseline cognitive
decline.

» Use caution with bladder anticholinergics in diabetic
patients.

* Health care providers should perform individualized risk
assessment and routine evaluation of elderly adults pre-
scribed OAB anticholinergic medications.
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