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Background: Few studies have addressed whether anticholinergic (AC) medica-
tions for overactive bladder (OAB) cause cognitive decline in individuals with exist-
ing cognitive impairment, and whether the APOE e4 gene increases this risk.
Objective: To determine whether OAB AC use is associated with a clinically relevant
change in cognitive measures among adults with normal and abnormal cognition.
Design, setting, and participants: This was a retrospective cohort study using data
from the National Alzheimer’s Coordinating Center. Patients were enrolled at spe-
cialized centers in the USA between 2005 and 2019. Patients with existing OAB AC
use, missing APOE e4 status, and confounding neurologic diagnoses were excluded.
New users of an OAB AC were matched 1:1 to patients not taking an OAB AC using
propensity scores.
Intervention: New use of oxybutynin, tolterodine, solifenacin, trospium, darifenacin,
or fesoterodine.
Outcome measurements and statistical analysis: The outcome was a change in cogni-
tive function, measured as a �1-point increase on the Clinical Dementia Rating
(CDR) instrument or a �3-point decrease on the Mini-Mental State Examination
(MMSE). Conditional logistic regression with odds ratios (ORs) was conducted.
We also tested for APOE e4 effect modification.
Results and limitations: Among 18 835 eligible patients, 782 matched pairs were
identified. The most common OAB ACs were oxybutynin (38%) and tolterodine
(23%). There was no significant increase in the risk of a clinically relevant cognitive
decline among OAB AC users (CDR: OR 1.38, 95% confidence interval [CI] 0.93–2.05;
p = 0.11, MMSE: OR 1.06, 95% CI 0.79–1.43; p = 0.70). There was no significant inter-
action between APOE e4 status and OAB AC use for the CDR (p = 0.38) or MMSE
(p = 0.95) outcomes. Users of oxybutynin or tolterodine had numerically higher
odds of a change on the CDR test (OR 1.65, 95% CI 0.98–2.77) that was close to
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statistical significance (p = 0.06). Limitations include the inability to determine
medication dose or duration, and residual confounding.
Conclusions: OAB AC use was not associated with a significant change in cognitive
function among individuals with normal and abnormal cognition. Further research
is necessary to determine if oxybutynin and tolterodine are significantly more
likely to cause cognitive decline.
Patient summary: Use of a specific class of overactive bladder medication was not
associated with negative changes in brain function among patients with either nor-
mal or abnormal function. A genetic risk factor for Alzheimer’s disease did not pre-
dispose individuals to cognitive decline when taking these drugs. Two of the drugs
(oxybutynin and tolterodine) may lead to a higher risk of cognitive decline in com-
parison to other drugs, and this needs further research.

� 2022 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Overactive bladder (OAB) is a common condition, both in
the general population and among those with cognitive dys-
function, and it increases in prevalence as people age [1].
OAB is defined as urinary urgency, usually with frequency
and nocturia, and sometimes with urgency incontinence
[2]. These symptoms are significant as they can lead to falls
and fractures, skin breakdown, institutionalization, poor
sleep, and impaired quality of life and work performance
[1,3,4]. Initial treatment for OAB consists of behavioral
changes and pharmacologic therapy [5]. Over the past 50
yr, several newer OAB anticholinergics (ACs) have been
developed, and a new OAB medication class (b3 agonists)
for the treatment of OAB symptoms has become commer-
cially available over the past decade. However, a large pro-
portion of patients continue to use some of the first ACs
approved for OAB, such as oxybutynin, in part because of
insurance reimbursement rules [6].

There is a large body of research suggesting that OAB AC
medications (primarily oxybutynin and tolterodine) can
cause cognitive dysfunction with short-term use; it has
been shown that AC medications in general (and OAB ACs
specifically) increase the risk of dementia [7,8]. However,
there is a need for more studies among individuals with
pre-existing cognitive dysfunction [9]. In addition, the
apolipoprotein (APOE) e4 gene is a risk factor for Alzhei-
mer’s disease [10] and may lead to greater sensitivity to
AC-mediated cognitive decline [11]. To the best of our
knowledge, APOE e4 has not been evaluated as a possible
risk factor for OAB AC-mediated cognitive decline. Our
objective was to use data from the National Alzheimer’s
Coordinating Center (NACC) to determine if OAB AC use is
associated with an increase in the risk of cognitive decline,
and to examine if APOE e4 carrier status mediates any cog-
nitive decline observed with OAB AC use.
2. Patients and methods

This is a retrospective, propensity score–matched, cohort study using

prospective collected data from the NACC. The NACC started collecting

their uniform data set via Alzheimer’s Disease Research Centers (ADRCs)

in the USA in 2005. Participants are enrolled using different techniques
across these ADRCs. All participants provide written consent at the time

of enrollment. Standardized data collection tools are used, and details of

these have been described previously [12,13]. As this was a secondary

analysis of existing data, ethics review was not required.

We identified all participants who were enrolled in the NACC

between September 1, 2005, and December 31, 2019. We excluded

individuals if: they did not have at least one follow-up visit; their med-

ication list was not available; they were already using an OAB AC med-

ication on enrollment; they had a cognitive condition other than

normal cognition, mild cognitive impairment, or dementia; they were

missing genetic test results for APOE e4 allele status; or there was >4

yr between their first and second visits. We excluded individuals with

any unrelated or potentially confounding neurologic diagnoses: cogni-

tive status categorized as ‘‘impaired not mild cognitive impairment’’;

frontotemporal dementia; hydrocephalus; progressive supranuclear

palsy; primary progressive aphasia; corticobasal degeneration; prion

disease; Huntington’s disease; Down’s syndrome; central nervous sys-

tem cancer; traumatic brain injury; alcohol-related dementia; or

dementia of undetermined etiology. Patients in the NACC were diag-

nosed with Alzheimer’s disease according to the criteria of the Alzhei-

mer’s Association or the National Institute of Neurological and

Communicative Disorders and Stroke/Alzheimer’s Disease and Related

Disorders Association, and mild cognitive impairment was diagnosed

according to on Petersen’s criteria [13].

Our primary exposure was defined as new use of an OAB AC medica-

tion (oxybutynin, tolterodine, solifenacin, trospium, darifenacin, or feso-

terodine) at a follow-up NACC visit. Medication use was assessed at each

visit by trained study staff who reviewed all the patient’s medication

bottles during the study visit. We considered APOE e3/e4 or e4/e4 allele

status as being positive for the APOE e4 allele [10].

Our primary outcomes were changes on the Clinical Dementia Rating

dementia staging instrument (CDR; scale from 0 = no dementia to 4 = sev-

ere cognitive impairment) [14] and the Mini-Mental state examination

(MMSE; measures orientation, attention, memory, language, and

visual-spatial skills, scored from 0 to 30; a lower score represents greater

cognitive impairment) [15]. Secondary outcomes included the Boston

naming test, the Wechsler Adult Intelligence Scale-revised (WAIS-R)

digit substitution test, and the trail-making test part B [16]. These repre-

sent measures of memory and language, psychomotor speed, and exec-

utive function, respectively. A lower score on the Boston naming test or

the WAIS-R digit substitution test, or a longer time to complete the trail-

making test part B represent worse scores. In 2015, the NACC replaced

the MMSE and the Boston naming test with the Montreal Cognitive

Assessment (MOCA) and the multilingual naming test, respectively.

Where necessary, we used the NACC Crosswalk Study [17] to convert
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scores between the MMSE and MOCA, and the Boston naming test and

multilingual naming test.

2.1. Statistical analysis

We created a propensity score using 38 variables available in the NACC

data set that may be relevant to cognition, including age, sex, language,

years of education, marital status, vision or hearing impairment, and

prevalent use of several medications (fully listed in the Supplementary

material). Patients with new use of an OAB AC medication were matched

1:1 with participants without new use of an OAB AC medication accord-

ing to the logit of the propensity score, NACC data era (before vs after

2015, owing to the new cognitive tests), total number of NACC visits,

and cognitive status (normal, mild cognitive impairment, or dementia).

Differences in baseline characteristics were measured using a t test or

v2 test, as appropriate.

Outcomes were compared between the visit before use of an OAB AC

and the next follow-up visit at which new use of an OAB AC was identi-

fied. Changes in primary and secondary outcomes between visits were

compared between the two groups using independent t tests. A condi-

tional logistic regression model was used to determine if OAB AC medi-

cation exposure predicted a clinically important cognitive decline for our

primary endpoints (�1-point increase in CDR score, or a �3-point

decrease in MMSE score, each tested as binary variable) [18]. An interac-

tion term for APOE e4 status (used as a binary variable) was tested in this
Fig. 1 – Flowchart showing the creation of the matched cohorts. AC = antich
model for significance. Two secondary analyses were explored. First, the

primary outcome models were stratified by cognitive status (normal,

mild cognitive impairment, or dementia). Second, the primary outcomes

were stratified by OAB AC type (among matched pairs who were using

oxybutynin or tolterodine, and among matched pairs who were using

other OAB AC medications). Results from the conditional logistic regres-

sion models are reported as an odds ratio (OR) and 95% confidence inter-

val (CI). The mean and standard deviation (SD) are reported. Pairs with

missing data were excluded from the analyses as necessary. Statistical

analysis was carried out using SAS Enterprise Guide v8.3 (SAS Institute,

Cary, NC, USA). Two-sided p values <0.05 were considered significant.

3. Results

Our initial cohort of 43 268 individuals was reduced to
18 835 after exclusions (Fig. 1). Before matching, some dif-
ferences were noted between the OAB AC and non-OAB AC
groups; the OAB AC group tended to be older, have more
NACC visits, weigh more, use antihypertensives, use an
anti-Parkinson medication, and have more hearing diffi-
culty. We were able to successfully match 782 of the possi-
ble 792 participants who had newly started an OAB AC to
782 participants who did not start an OAB AC. After match-
ing, all baseline characteristics measured were similar
olinergic; MCI = mild cognitive impairment; OAB = overactive bladder.



Table 2 – Results for the primary and secondary outcomes

Test and groupa Mean score (standard deviation)

Baseline
visit

Follow-up
visit

Change

Non-OAB AC users
MMSE 26.17 (4.71) 25.26 (5.70) �1.05

(2.92)
CDR 2.37 (3.54) 3.21 (4.56) +0.85

(1.97)
Boston name test 24.48 (6.06) 24.22 (6.53) �0.60

(3.05)
WAIS-R digit
substitution test

37.80
(16.01)

36.57 (17.18) �1.50
(6.61)

Trail-making test part B 133.50
(82.23)

133.18
(85.78)

11.10
(52.12)

OAB AC users
MMSE 26.22 (4.57) 25.10 (5.93) �1.24

(3.21)
CDR 2.21 (3.25) 3.23 (4.43) +1.02

(2.19)
Boston name test 24.83 (5.44) 24.34 (6.21) �0.67

(2.73)
WAIS-R digit
substitution test

36.75
(14.83)

35.76 (15.82) �1.66
(6.97)

Trail-making test part B 139.73 142.53 +8.99
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between the groups. Selected characteristics are listed in
Table 1, with the full list of baseline characteristics before
and after matching shown in the Supplementary material.
The OAB AC medications used were oxybutynin (299/782,
38%), tolterodine (178/782, 23%), solifenacin (163/782,
21%), trospium (78/782, 10%), darifenacin (48/782, 6%),
and fesoterodine (20/782, 3%).

The mean time between the primary visit (when no OAB
AC was being used) and the next follow-up visit (at which
OAB AC use was newly identified) was 445 d (SD 153) and
did not significantly differ between the groups. There was
no significant difference in the change in primary or sec-
ondary outcomes between the groups (Table 2, Fig. 2). The
proportion of participants who had a clinically significant
change in CDR score (8.1% vs 10.1%) or MMSE score (20.7%
vs 21.9%) was similar between the groups. When this was
analyzed using a conditional logistic regression model,
there was no significant increase in the risk of important
cognitive decline for OAB AC use (CDR increase �1 point:
OR 1.38, 95% CI 0.93–2.05; p = 0.11; MMSE decrease �3
Table 1 – Selected baseline characteristics of the matched OAB AC
users and nonusers

Variable Non-OAB
AC users

OAB AC
users

p
value

(n = 782) (n = 782)

General characteristics
Mean age at initial visit, yr (SD) 74.1 (9.0) 74.7 (8.4) 0.196
Male, n (%) 302 (38.6) 303 (38.7) 0.959
Mean time between baseline and

FU visits, d (SD)
434 (138) 455 (165) 0.070

Cognitive status at study visit, n (%)
Normal cognition 393 (50.3) 393 (50.3) 1.000
Mild cognitive impairment 173 (22.1) 173 (22.1)
Dementia 216 (27.6) 216 (27.6)

Education, n (%)
<12 yr 45 (5.8) 51 (6.5) 0.496
12–13 yr 200 (25.6) 200 (25.6)
14–16 yr 251 (32.1) 263 (33.6)
�17 yr 286 (36.6) 266 (34.0)

Visual impairment, n (%) 234 (29.9) 256 (32.7) 0.484
Hearing impairment, n (%) 582 (74.4) 572 (73.1) 0.751
Living situation, n (%)
Lives alone 202 (25.8) 209 (26.7) 0.445
Lives with spouse or partner 506 (64.7) 492 (62.9)
Lives with relative or friend 60 (7.7) 56 (7.2)
Other 14 (1.8) 25 (3.2)

Medication use, n (%)
Antihypertensives 433 (55.4) 444 (56.8) 0.575
Antiadrenergic agent 84 (10.7) 82 (10.5) 0.870
Calcium channel blocking agent 129 (16.5) 141 (18.0) 0.422
Diuretic 100 (12.8) 120 (15.3) 0.146
Lipid lowering medication 356 (45.5) 358 (45.8) 0.919
Anticoagulant or antiplatelet agent 272 (34.8) 277 (35.4) 0.791
Antidepressant 224 (28.6) 233 (29.8) 0.617
Antipsychotic agent 16 (2.0) 21 (2.7) 0.405
Anxiolytic, sedative, or hypnotic

agent
98 (12.5) 105 (13.4) 0.598

Alzheimer’s disease medications 206 (26.3) 202 (25.8) 0.818
Anti-Parkinson agent 58 (7.4) 53 (6.8) 0.622
Estrogen hormone therapy 38 (4.9) 35 (4.5) 0.719
Diabetes medication 83 (10.6) 82 (10.5) 0.934
APOE genotype, n (%)
e3/e3 396 (50.6) 390 (49.9) 0.995
e3/e4 242 (30.9) 245 (31.3)
e3/e2 73 (9.3) 77 (9.8)
e4/e4 49 (6.3) 47 (6.0)
e4/e2 20 (2.6) 20 (2.6)
e2/e2 2 (0.3) 3 (0.4)

AC = anticholinergic; FU = follow-up; OAB = overactive bladder.

(84.88) (87.03) (53.50)

AC = anticholinergic; CDR = Clinical Dementia Rating; MMSE = Mini-
Mental Sate Examination; OAB = overactive bladder; WAIS-R = Wechsler
Adult Intelligence Scale-revised.
a Missing data for MMSE (207 individuals), Boston naming test (272
individuals), WAIS-R digit substitution test (694 individuals), and
trail-making test part B (489 individuals).
points: OR 1.06, 95% CI 0.79–1.43; p = 0.70). There was no
significant interaction between APOE e4 carrier status and
a clinically important cognitive decline measured with
either the CDR (p = 0.38) or MMSE (p = 0.95). ORs were
not statistically significant in any of the three individual
cognitive groups (normal, mild cognitive impairment,
dementia) for a clinically significant change in CDR or
MMSE score (Table 3). There was an higher risk of a clini-
cally important change in the CDR among users of oxybu-
tynin or tolterodine (OR 1.65, 95% CI 0.98–2.77) that was
close to statistical significance (p = 0.06); this increase in
risk was not seen for users of the other ACs (OR 1.05, 95%
CI 0.56–1.97; p = 0.87).
4. Discussion

We did not find that new use of OAB AC medications was
associated with a clinically important change in overall cog-
nitive status. Similarly, three secondary outcome measures
that tested memory and language, psychomotor speed,
and executive function did not significantly different
between OAB AC users and nonusers. Prior studies have
shown that oxybutynin and tolterodine can have significant
negative short-term cognitive effects [8,9]; consistent with
this, we found that when we stratified by AC type, users
of oxybutynin and tolterodine had higher odds of a clini-
cally significant CDR change compared to users of newer
OAB ACs (solifenacin, trospium, fesoterodine, or darife-
nacin). This reinforces the need to examine continued use
of these older OAB ACs now that newer agents are available.
This continues to be relevant, as a study using Medicare



Fig. 2 – Comparison of the change in primary and secondary outcomes between the matched OAB AC and non-OAB AC users. The p values are from an
independent t test for the change in score between the two groups. AC = anticholinergic; CDR = Clinical Dementia Rating; MMSE = Mini-Mental State
Examination; OAB = overactive bladder; WAIS-R = Wechsler Adult Intelligence Scale-revised.

Table 3 – Primary outcomes from the conditional logistic regression of matched OAB anticholinergic users and nonusers (reference group)
overall and stratified by cognitive status

Group CDR MMSE

OR (95% CI) p value OR (95% CI) p value

Overall (n = 782 pairs) 1.38 (0.93–2.05) 0.11 1.06 (0.79–1.43) 0.70
Normal cognition (n = 393 pairs) 3.00 (0.61–14.86) 0.18 1.19 (0.61–2.31) 0.61
Mild cognitive impairment (n = 173 pairs) 0.64 (0.25–1.64) 0.35 0.90 (0.54–1.51) 0.69
Dementia (n = 216 pairs) 1.55 (0.97–2.48) 0.07 1.14 (0.73–1.77) 0.57

CDR = Clinical Dementia Rating; MMSE = Mini-Mental Sate Exam; CI = confidence interval; OAB = overactive bladder; OR = odds ratio.
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data from 2013–2015 found that among individuals with
dementia, 56% of new OAB AC users received oxybutynin
as their incident OAB medication [19].

There are limited data on the cognitive impact of OAB
AC use in individuals with dementia or cognitive impair-
ment. A recent before/after observational study of 168
geriatric patients (of whom 12% had dementia) did not
demonstrate a significant decline in MMSE scores on initi-
ation of OAB AC medications (most commonly darifenacin
and oxybutynin); however, there were significant improve-
ments in depression, quality of life, and activities of daily
living because of improved OAB symptom management
[20]. A 28-d randomized, placebo-controlled study con-
ducted in women with cognitive impairment (mean MMSE
score of 15) found that oxybutynin (5 mg extended release
once a day) did not impact cognitive measures, although
the dose of oxybutynin may have been too low to have
an effect on cognition [21]. Similarly, a three-arm cross-
over randomized placebo-controlled study showed that
among older individuals with mild cognitive impairment
(according to the Stockholm criteria), neither oxybutynin
(10 mg immediate release) nor solifenacin (5 mg) impaired
five standard measures of cognitive function; however, on
secondary analysis, there was a significant decrease in the
measures of power and continuity of attention 1–2 h after
the oxybutynin dose [22]. Finally, in patients with demen-
tia taking cholinesterase inhibitors, new use of oxybutynin
or tolterodine resulted in a higher rate of functional
decline than for patients with dementia who used choli-
nesterase inhibitors alone [23]. Taken together with the
results from our study, evidence suggests that the use of
oxybutynin in patients with dementia or mild cognitive
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impairment appears to have, at minimum, questionable
cognitive safety.

In our study, APOE e4 allele carrier status did not have a
significant interaction with OAB AC use and a clinically sig-
nificant cognitive decline. This is relevant, as approximately
one-quarter of the population carry one of the APOE e4 alle-
les. APOE e4/e4 homozygotes have an almost fivefold higher
risk of dementia in comparison to noncarriers, and the cog-
nitive effects of OAB AC use in individuals with this gene
have not been clarified [24]. Mechanisms for the higher sen-
sitivity to AC medications among APOE e4 carriers include
an altered blood-brain barrier that is more permeable to
these medications, and lower levels of acetyltransferase
enzymes [25]. Previous studies looking at APOE e4 status
and AC medications in general have reported mixed results.
A registry of individuals with a family history of dementia
found that overall AC burden significantly interacted with
APOE e4 status only for the change in score for the delayed
recall portion of the auditory verbal learning test (one of
seven cognitive outcomes in the study) [25]. A secondary
analysis of a randomized controlled trial of nilvadipine
among individuals with dementia found a significant inter-
action between APOE e4 status and AC burden score on the
CDR (one of three cognitive outcomes in the study) [26]. A
cross-sectional study of adults aged >50 yr did not find that
the cognitive effects of AC medication were different among
carriers and noncarriers of APOE e4 alleles [27].

Strengths of our study include the use of valid and sensi-
tive measures of cognitive function, the use of a change
threshold to define a clinically important cognitive decline
(rather than simply a statistically significant numerical dif-
ference, which may be lower than the minimum clinically
important difference of the instrument), and the creation
of matched groups using a propensity score. Limitations of
our research include the lack of data on the dose and dura-
tion of use for the OAB AC medications. This is because
NACC medication data were collected as current medication
utilization at discrete time points that were more than 1 yr
apart. This means that some individuals may have used OAB
AC medications between visits and then discontinued them
before follow-up (and are therefore counted as nonusers in
our study design, biasing our results toward the null
hypothesis). OAB AC side effects, such as cognitive decline,
or a lack of efficacy may have led to rapid discontinuation.
In addition, some patients may have used these medications
for only a short period of time, which is common for OAB
medications [7,28]. However, even in the setting of short-
term use, side effects such as delirium and worsening cog-
nitive function have been described [4,29]. The next step
would be to look at this research question using a different
data set that includes both detailed medication utilization
data (duration, dose) and relevant clinical measures of cog-
nitive function. The sample sizes for many of the individual
ACs were small, so we could not look at individual OAB
medications. For example, the post hoc power of our evalu-
ation of the risk of CDR decline in the oxybutynin/
tolterodine group is estimated at 40%. Observational studies
are always susceptible to residual confounding, and among
those with normal cognition, individuals may have started
OAB ACs because of early symptoms of dementia that had
not manifested sufficiently for a diagnosis of mild cognitive
impairment or dementia (leading to reverse causation). We
had hoped to examine mirabegron as a second control
group; however, the number of patients newly starting mir-
abegron in the NACC data set was too small. The NACC data
set is not a random sample (eg, those with normal cognitive
function tend to be more highly educated) and this should
be considered when interpreting the study results and gen-
eralizing them to other populations. Finally, our secondary
outcomes had a moderate level of missing data, which lim-
ited our statistical power.

5. Conclusions

This study provides a level of reassurance that the risk of
clinically significant cognitive decline in a population with
baseline cognitive dysfunction is not significantly associ-
ated with new use of OAB ACs. We did not find that APOE
e4 carrier status interacted with OAB AC use to modify their
effect on cognitive measures. The odds of a clinically signif-
icant change in CDR score was higher for users of oxybu-
tynin and tolterodine than for users of newer OAB AC
medications (solifenacin, trospium, darifenacin, or fesotero-
dine); however as the statistical significance of this result
was borderline, further research is necessary.
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