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An overactive bladder (OAB) is primarily managed with

Accepted February 11, 2024 behavioural therapy and using anticholinergics and beta-3 agonists. Reports have shown
that the use of anticholinergics by OAB patients was associated with an increased risk of
Associate Editor: Christian Gratzke new-onset dementia compared with those using beta-3 agonists. This study compares

the risks of dementia among patients with an OAB starting on a beta-3 agonist alone,
an anticholinergic alone, or a combination treatment.

Overactive bladder Using data from the Korean National Health Insurance Service database, we
Beta-3 agonist studied a nationwide population cohort comprising patients newly diagnosed with an
Anticholinergics OAB who initiated their OAB medications between 2015 and 2020. The treatment types
Dementia were categorised as anticholinergics (oxybutynin, solifenacin, tolterodine, trospium, fes-

oterodine, flavoxate, and propiverine) alone, a beta-3 agonist (mirabegron) alone, and
combination therapy (an anticholinergic plus the beta-3 agonist). To evaluate the impact
of cumulative drug exposure, we quantified the cumulative exposure to solifenacin and
mirabegron as cumulative defined daily doses (cDDDs) using proportional hazards
regression analyses, adjusted for factors known to be associated with dementia.
Among the study’s 3 452 705 patients, 671 974 were new
users of a beta-3 agonist alone (19.5%), 1 943 414 new users of anticholinergics alone
(56.3%), and 837 317 receiving combination therapy (24.3%). The most common anti-
cholinergic used both alone and as part of a combination treatment was solifenacin
(42.9% and 56.3%, respectively). There was an increased risk of dementia between the
users of an anticholinergic alone (adjusted hazard ratio [aHR] = 1.213; 95% confidence
interval [CI], 1.195-1.232) and those taking a combination treatment (aHR = 1.345;
95% (I, 1.323-1.366) compared with the users of beta-3 agonists alone after the adjust-
ment of covariates. However, the incidence of dementia was also significantly higher,
with an increase in the cumulative dose of mirabegron (aHR = 1.062 [1.021-1.106] for
28-120 cDDDs and aHR = 1.044 [1.004-1.084)] for patients who received >121 ¢cDDDs
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compared with those who received <27 cDDDs). A marked increased risk of dementia
was associated with the use of solifenacin, tolterodine, fesoterodine, and propiverine,
both separately and in combination with mirabegron.

In this large Korean cohort, the use of anticholiner-
gics with or without a beta-3 agonist increased the risk of new-onset dementia com-
pared with the use of a beta-3 agonist alone. Given that the risk of dementia was
most significantly elevated with combination treatments, care should be taken when
considering combination treatment for OAB patients with risk factors for dementia.
Furthermore, there could be a possible association between beta-3 agonists and demen-
tia, although future studies are needed.

This study investigated the risk of dementia induced by overactive
bladder (OAB) treatment in a large Korean cohort. Two representative OAB treatment
drugs, anticholinergics and beta-3 agonists, both increased the risk of new-onset demen-
tia. Clinicians should be cautious in using OAB treatment drugs since no drugs could be

concluded as safe.

© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

An overactive bladder (OAB), one of several clinical presen-
tations of lower urinary tract syndrome [1,2], has been
reported in 10-15% of the population with symptoms of uri-
nary urgency, according to the International Continence
Society [3]. The primary treatment options consist of beha-
vioural therapy and medical management [4,5|. The most
widely used medications for an OAB are anticholinergics
and beta-3 agonists [4,6]. Studies have suggested that both
anticholinergics and beta-3 agonists demonstrate equiva-
lent efficacy and are recommended equally as the first treat-
ment options for an OAB by the American Urology
Association (AUA) and European Association of Urology
[7,8].

Several studies have reported an association between
anticholinergic medications (when all drug classes are com-
bined) and the risk of new-onset dementia [6-8], while
other studies have reported contradictory results [9,10].
The effects of dementia induced by anticholinergics differ
according to the level of anticholinergic activity, receptor
sensitivity, central nervous system (CNS) penetration, and
drug class [11-13], and the drugs used for an OAB exhibit
strong anticholinergic activity [14]. Five observational stud-
ies have shown an association between anticholinergics and
an increased risk of dementia [11,12,15-17]. However, none
of these studies specifically examined the effects of the dif-
ferent anticholinergics, each of which has distinct pharma-
cological specificities [18]. Recently, the AUA emphasised
the need for further research on the long-term cognitive
side effects of anticholinergics overall and for each drug
separately when used to treat an OAB [4]. Malcher et al
[19] and Matta et al [ 13] reported differential effects of indi-
vidual anticholinergics with respect to the incidence of
dementia.

Beta-3 agonists, which involve mechanisms that differ
from those of anticholinergics, reportedly reverse memory
deficits in a mouse model [20], and a recent population-
based cohort study in Canada found that the use of anti-

cholinergic medications by patients with an OAB was asso-
ciated with an increased risk of new-onset dementia
compared with users of beta-3 agonists [17]. However, the
Canadian study did not address the effects of the use of a
beta-3 agonist alone on the incidence of dementia. Although
beta-3 agonists are not known to have any cognitive effects
[21], the follow-up period was too short to determine the
cognitive effects of beta-3 agonists.

As a combination treatment of a beta-3 agonist and an
anticholinergic is reportedly more effective in improving
multiple OAB symptoms than either a beta-3 agonist alone
or an anticholinergic [22-27], AUA guidelines recommend
pharmacotherapy with beta-3 agonists or anticholinergics
(or both) after and in conjunction with behavioural treat-
ments [4,7]. Moreover, increasing the anticholinergic dosing
for patients with previous suboptimal responses to anti-
cholinergic drugs alone only leads to a greater risk of
anticholinergic-related adverse events [23]. However, any
association between combination therapy consisting of
beta-3 agonists plus anticholinergics and dementia has yet
to be evaluated.

Our study comprehensively analysed the relationship
between beta-3 agonists and/or anticholinergics used to
treat an OAB and the risk of new-onset dementia for overall
anticholinergics, both together and for each drug separately.

2. Patients and methods
2.1. Data source

Data for the study were obtained from the claims database of the Korean
National Health Insurance System (NHIS). Korea has a single-payer,
universal-coverage, health care system, in which the NHIS provides
insurance to >99% of the population and maintains comprehensive
health records of all covered in- and outpatient visits, diagnoses, treat-
ments, procedures, and prescriptions [28]. The database also provides
information on comorbidities and concomitant medications. The institu-
tional review board of the Sorokdo National Hospital approved this
study and granted a waiver of informed consent from study participants
due to the use of deidentified data (approval no. 2021-0009).
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2.2. Study population

We used the NHIS database to identify patients who had an OAB as
defined by code N32.81 of the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10). Among
these patients, we identified all users of either an OAB anticholinergic or
a beta-3 agonist between January 1, 2015 and December 31, 2020. We
included the following anticholinergics: oxybutynin, solifenacin, toltero-
dine, trospium, fesoterodine, flavoxate, and propiverine (Supplementary
Table 1). The only marketed beta-3 agonist during the study period was
mirabegron (Supplementary Table 1). For the combination treatment of
anticholinergics and mirabegron, we included only those patients who
newly started to receive both anticholinergics and mirabegron on the
same date. We only included patients who did not switch or add OAB
medications after the first OAB medication prescription. The index date
was the first OAB medication prescription during the study period.
Patients were observed from that date forward. Patients were excluded
in the event of poor data quality indicators or the use of an OAB medica-
tion before the index date. Patients with a previous diagnosis of demen-
tia before the index date were excluded. A flow diagram of the study
population selection is shown in Figure 1.

2.3. Exposure to OAB medications

We focused on the seven OAB anticholinergics and the single beta-3 ago-
nist with marketing authorisation in Korea and reimbursed by the NHIS
during our study period: flavoxate (G04BD02), oxybutynin (GO4BD04),
propiverine (G0O4BDO06), tolterodine (G04BDO07), solifenacin (G0O4BD08),
trospium (G04BD09), fesoterodine (G04BD11), and mirabegron
(G04BD12) based on World Health Organization Anatomical Therapeutic
Chemical codes [29]. OAB medications were analysed individually and
pooled together.

We quantified exposure using defined daily doses (DDDs), which are
recommended by the World Health Organization Collaborating Center
for Drug Statistics Methodology (https://www.whocc.no) and reflect
the assumed average maintenance dose per day for a drug used for its
main indication in adults [29].

We analysed drug exposure using three methods. First, we compared
the differences between patients with anticholinergics alone, mirabe-
gron alone, and combination therapy. Second, the cumulative DDD
(cDDD) of an OAB medication use during the study period was quantified

National Health Insurance §ystem Database in

2015-2020

for each patient using a DDD. We stratified the cumulative use of mira-
begron and solifenacin using tertiles as follows: low-cDDD (<27 for mir-
abegron and <10 for solifenacin), medium-cDDD (28-120 for
mirabegron and 10.5-45 for solifenacin), and high-cDDD (>121 for mir-
abegron and >45.5 for solifenacin) groups. Third, we have set fixed time
intervals (<30, 30-120, 120-360, and >360 d), which allow a direct com-
parison (Supplementary Table 2). The calculation method for cDDD has
been described in detail elsewhere (Supplementary material). For the
low-cDDD group, we have assumed the harmful stochastic effects of
an OAB medication.

24. Study outcomes and adjustment factors

Our primary outcome was dementia. Our hypothesis was that the risk of
dementia would be significantly higher among patients taking an anti-
cholinergic medication with or without a beta-3 agonist. Dementia
was identified using ICD-10 codes or a new prescription of a cholinester-
ase medication (Supplementary Table 3).

The at-risk period began at the index date, and patients were cen-
sored at death. We have set 3 mo as the buffer period since it is not plau-
sible that a short period after initial OAB medication exposure could lead
to dementia. We have additionally set 1 yr as the buffer period to eval-
uate whether the risk of dementia persists even though some of the pre-
existing subclinical dementia has been removed (Supplementary
Table 4). Meanwhile, there are no relationships between the buffer per-
iod and cDDD, that is, the buffer period does not account for continuous
OAB medications in that period.

To identify potential differences between groups, we compared
demographic variables and medical comorbidities that are potentially
associated with a risk of dementia (seizure, stroke, transient ischaemic
attack [TIA], congestive heart failure, coronary artery disease or angina,
hypertension, diabetes mellitus, and alcoholism; full coding details are
listed in Supplementary Table 5).

2.5. Statistical analysis

Statistical analyses were performed in SAS version 9.4 (SAS Institute,
Inc., Cary, NC, USA). The characteristics of the participants were reported
as numbers (%) for categorical variables. The ages of patients were chan-

5a!1ents WHO were ElagﬂOSCH W1H= overactive

bladder (OAB, disease code: N32.81, N =4 062 891)

Not prescribed OAB medication (N =216 520)

- Diagnosed as dementia 90 d earlier than
initiation of OAB medication. (N =317 883)
- Under 19 yr of age (N =81 673)

Study participants 2015-2020 (N = 3 452 705)

Group 3:

Group 1: Group 2: i |
p A " q Combination therapy
Anticholinergics only Beta-3 agonist only O e
(N=1943 414) (N=671974) = 5

(N =837317)

Fig. 1 - Flowchart for the selection of the study population using the National Health Insurance System Database in South Korea. OAB = overactive bladder.
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Table 1 - Baseline characteristics of the matched patients with overactive bladder who used a beta-3 agonist alone, anticholinergics alone, or

combination therapy

Beta-3 agonist alone Anticholinergics alone Combination therapy p value ©
(N =671 974) (N=1943 414) (N =837 317)
Demographics, n (%)
Age <30 39 946 (5.9) 186 565 (9.6) 35 535 (4.2) <0.0001
30 < age < 40 53277 (7.9) 209 893 (10.8) 47 961 (5.7)
40 < age < 50 88 462 (13.2) 318 437 (16.4) 93 640 (11.2)
50 < age < 60 145 801 (21.7) 427 182 (22.0) 171 946 (20.5)
60 < age < 70 177 022 (26.3) 374 578 (19.3) 221 948 (26.5)
70 < age < 80 124 494 (18.5) 290 938 (15.0) 198 821 (23.8)
Age >80 42 972 (6.4) 135 821 (7.0) 67 466 (8.1)
Male 451 757 (67.2) 483 495 (24.9) 369 024 (44.1) <0.0001
Medical comorbidities, n (%)

Seizure 40 417 (6.0) 114 022 (5.9) 70 281 (8.4) <0.0001
Stroke or TIA 90 084 (13.4) 242 529 (12.5) 151 369 (18.1) <0.0001
Congestive heart failure 63 572 (9.5) 162 992 (8.4) 103 506 (12.4) <0.0001
Coronary artery disease or angina 146 386 (21.8) 346 974 (17.9) 220 069 (26.3) <0.0001
Hypertension 341 165 (50.8) 861 906 (44.4) 488 712 (58.4) <0.0001
Diabetes mellitus 292 608 (43.5) 739 026 (38.0) 424 504 (50.7) <0.0001
Alcoholism 46 900 (6.9) 92 418 (4.8) 54 961 (6.6) <0.0001
Dementia 21091 (3.1) 122 617 (6.3) 56 301 (6.7) <0.0001

TIA = transient ischaemic attack.

2 Comparison of groups between a beta-3 agonist alone, anticholinergics alone, and combination therapy using the chi-square test.

ged to age groups (<30 yr, 40s, 50s, 60s, 70s, and >80 yr). A chi-square
test was performed for each categorical variable (Table 1). All statistical
tests were two tailed, and statistical significance was set at p < 0.05.

We calculated hazard ratios (HRs) and 95% confidence intervals (CIs)
for developing dementia using a proportional hazards regression model
based on OAB treatment type (anticholinergics alone, a beta-3 agonist
alone, and combination therapy) or categories of mirabegron-
solifenacin cDDDs, and adjusted this analysis to assess for potential con-
founding variables (either OAB treatment type or categories of
mirabegron-solifenacin cDDDs, age, seX, and medical comorbidities [sei-
zure, stroke or TIA, congestive heart failure, coronary artery disease or
angina, hypertension, diabetes mellitus, and alcoholism]).

3. Results

The study cohort comprised 3 452 705 patients. Among
these patients, 1 943 414 (56.3%) started anticholinergics
alone, while 671 974 (19.5%) started beta-3 agonists alone
and 837 317 (24.2%) started combination therapy. During
1.81 yr (interquartile range [IQR] = 0.93-2.99) of median
follow-up, 200 009 patients (5.8%) developed dementia
after starting their OAB medications. Significant differences
(p < 0.0001) in age, sex, medical comorbidities, use of OAB
medications, and cDDDs of OAB medications were evident
between patients with or without new-onset dementia.
The most frequently used anticholinergics were solifenacin
(42.9%), propiverine (28.5%), and tolterodine (14.5%).

For patients who started with the beta-3 agonist alone, a
3.1% incidence of dementia was reported, while for patients
using anticholinergics alone, a 6.3% incidence was observed,
which was significantly higher than that for the beta-3 ago-
nist alone (p < 0.0001; Table 1). However, the dementia inci-
dence rate in the combination therapy group was still
significantly higher, at 6.7% (p < 0.0001; Table 1).

After adjustments for age, sex, and medical comorbidi-
ties, an HR of 1.213 for anticholinergics and that of 1.345
for combination therapy were observed (Table 2). Similar
results were observed even when the buffer period was

Table 2 - Cox proportional hazards regression analyses for the risk
of dementia

HR * (95% CI) p value
OAB treatment type
Beta-3 agonist alone Reference
Anticholinergics alone 1.213 (1.195, 1.232) <0.0001
Combination therapy 1.345 (1.323, 1.366) <0.0001
Confounding variables

Age < 30 Reference
30 < age < 40 2.016 (1.644, 2.472) <0.0001
40 < age < 50 5.320 (4.443, 6.371) <0.0001
50 < age < 60 16.8 (14.1, 19.9) <0.0001
60 < age <70 55.5 (46.6, 66.1) <0.0001
70 < age < 80 167.3 (140.6, 199.1) <0.0001
Age >80 377.9 (317.7, 449.8) <0.0001
Sex (female) 1.248 (1.235, 1.260) <0.0001
Seizure 2.027 (2.004, 2.050) <0.0001
Stroke or TIA 2.001 (1.983, 2.020) <0.0001
Congestive heart failure 1.231 (1.218, 1.244) <0.0001
Coronary artery disease or angina 1.053 (1.043, 1.063) <0.0001
Hypertension 1.224 (1.208, 1.241) <0.0001
Diabetes mellitus 1.193 (1.181, 1.205) <0.0001
Alcoholism 1.380 (1.355, 1.405) <0.0001

= confidence interval; =
TIA = transient ischaemic attack.
2 Adjusted for OAB treatment type, age, sex, and medical comorbidities
(seizure, stroke or TIA, congestive heart failure, coronary artery disease or
angina, hypertension, diabetes mellitus, and alcoholism).

= overactive bladder;

set as 1 yr, with an HR of 1.186 for anticholinergics and that
of 1.346 for combination therapy (Supplementary Table 4)

Table 3 presents the associations between the cDDDs of
mirabegron alone and solifenacin alone, and the risk of
dementia. Solifenacin was the most frequently used anti-
cholinergic. The incidence of dementia increased propor-
tionally with the levels of ¢cDDDs in the beta-3 agonist-
alone group (p < 0.0001), with a dementia incidence of
18.7% in the low-cDDD mirabegron group (<27 cDDDs),
30.3% in the medium-cDDD mirabegron group (28-120
cDDDs), and 50.9% in the high-cDDD mirabegron group
(>121 cDDDs; Table 3). Even after multiple adjustments,
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Table 3 - Hazard ratios for dementia by category of cumulative defined daily doses of mirabegron or solifenacin

Categories Low Medium High
Mirabegron

cDDDs (range) <27 28-120 >121

Total cases (N) 216 438 232 504 223 032

Incidence of dementia, N (%) 3951 (18.7) 6399 (30.3) 10 741 (50.9)

HR ° (95% CI) Reference 1.062 (1.021, 1.106) 1.044 (1.004, 1.084)
Solifenacin

cDDDs (range) <10 10.5-45 >45.5

Total cases (N) 191 115 191 046 189 614

Incidence of dementia, N (%) 4252 (16.1) 6681 (25.3) 15 486 (58.6)

HR ? (95% CI) Reference 1.075 (1.035, 1.117) 1.330 (1.284, 1.377)

cDDD = cumulative defined daily dose; CI = confidence interval; HR = hazard ratio; TIA = transient ischaemic attack.
2 Adjusted for categories of mirabegron or solifenacin cDDDs, age, sex, and medical comorbidities (seizure, stroke or TIA, congestive heart failure, coronary

artery disease or angina, hypertension, diabetes mellitus, and alcoholism).

the increase in cDDDs of mirabegron was proportional to
the increased risk of developing dementia (adjusted hazard
ratio [aHR] = 1.062; 95% CI, 1.021-1.106 for the medium-
c¢DDD mirabegron group, and aHR = 1.044; 95% CI, 1.004-
1.084 for the high-cDDD mirabegron group, compared with
the low-cDDD group; Table 3). Moreover, an increase in the
cDDDs of solifenacin was proportionally associated with an
increased risk of developing dementia (aHR = 1.075; 95% CI
1.035-1.117 for the medium-cDDD solifenacin group, and
aHR = 1.330; 95% (I, 1.284-1.377 for the high-cDDD solife-
nacin group, compared with the low-cDDD mirabegron

group). According to the fixed c¢cDDD (ie, <31, 31-120,
121-360, and >360 d), similar findings were observed (Sup-
plementary Table 2), except for no significant difference in
mirabegron between the >360 cDDD group and the <31
cDDD group.

Associations between the use of specific OAB anticholin-
ergics and dementia are shown in Table 4 and Figure 2. The
incidence of dementia was significantly higher in patients
using solifenacin (aHR = 1.173; 95% CI, 1.151-1.196 for
monotherapy and aHR = 1.231; 95% CI, 1.205-1.258 for
combination therapy), tolterodine (aHR = 1.170; 95% ClI,

Table 4 - Risk of dementia according to different types of OAB anticholinergics with or without a beta-3 agonist in comparison with a beta-3

agonist alone

Oxybutynin

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR ® (95% CI)

Solifenacin

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR © (95% CI)

Tolterodine

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR © (95% CI)

Trospium

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR © (95% CI)

Fesoterodine

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR © (95% CI)

Flavoxate

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR © (95% CI)

Propiverine

OAB medications

Total cases (N)

Incidence of dementia, N (%)
HR ? (95% CI)

Beta-3 agonist alone
671 974

21091 (3.1)
Reference

Beta-3 agonist alone
671 974

21 091 (3.1)
Reference

Beta-3 agonist alone
671 974

21091 (3.1)
Reference

Beta-3 agonist alone
671 974

21091 (3.1)
Reference

Beta-3 agonist alone
671 974

21091 (3.1)
Reference

Beta-3 agonist alone
671 974

21091 (3.1)
Reference

Beta-3 agonist alone
671 974

21091 (3.1)
Reference

Oxybutynin alone
43 555

2026 (4.6)

1.024 (0.975-1.075)

Solifenacin alone
571 775

26 419 (4.6)

1.173 (1.151-1.196)

Tolterodine alone
171518

10 991 (6.4)

1.170 (1.140, 1.200)

Trospium alone

10 695

423 (3.9)

1.067 (0.967-1.176)

Fesoterodine alone
76 993

4867 (6.3)

1.178 (1.139-1.218)

Flavoxate alone

183 423

4457 (2.4)

0.861 (0.831-0.892)

Propiverine alone
382 244

23 601 (6.2)

1.196 (1.171, 1.220)

Combination therapy
6079

265 (4.4)

1.136 (1.006-1.283)

Combination therapy
274 956

14 461 (5.3)

1.231 (1.205-1.258)

Combination therapy
38 425

2122 (5.5)

1.228 (1.175, 1.285)

Combination therapy
3105

193 (6.2)

1.300 (1.128-1.498)

Combination therapy
30 096

1909 (6.3)

1.226 (1.170-1.285)

Combination therapy
37 071

999 (2.7)

0.989 (0.927-1.054)

Combination therapy
98 479

5746 (5.8)

1.216 (1.181, 1.252)

CI = confidence interval; HR = hazard ratio; OAB = overactive bladder; TIA = transient ischaemic attack.
2 Adjusted for OAB medication class, age, sex, and medical comorbidities (seizure, stroke or TIA, congestive heart failure, coronary artery disease or angina,

hypertension, diabetes mellitus, and alcoholism).
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Fig. 2 - Association between overactive bladder anticholinergic drugs used alone or in combination with mirabegron and dementia compared with
mirabegron alone (adjusted * hazard ratio with 95% confidence interval). Combo = combination therapy; Mono = monotherapy; OAB = overactive bladder;
TIA = transient ischaemic attack. * Adjusted for OAB medication class, age, sex, and medical comorbidities (seizure, stroke or TIA, congestive heart failure,
coronary artery disease or angina, hypertension, diabetes mellitus, and alcoholism).

1.140-1.200 for monotherapy and aHR = 1.228; 95% (I,
1.175-1.285 for combination therapy), fesoterodine (aHR
= 1.178; 95% CI, 1.139-1.218 for monotherapy, and aHR =
1.226; 95% CI, 1.170-1.285 for combination therapy), and
propiverine (aHR = 1.196; 95% CI, 1.171-1.220 for
monotherapy, and aHR = 1.216; 95% CI, 1.181-1.252 for
combination therapy), both used alone or in combination
with mirabegron, compared with mirabegron alone, even
after multiple adjustments. However, the incidence of
dementia was significantly lower in patients who received
flavoxate alone (aHR = 0.861; 95% CI, 0.831-0.892;
p < 0.0001).

4. Discussion

Our study demonstrated that treatment consisting of anti-
cholinergics with or without a beta-3 agonist increased
the risk of new-onset dementia compared with the use of
a beta-3 agonist alone. As we found that the risk of demen-
tia significantly increased the most with a combination of
treatments, care should be taken when combining anti-
cholinergics and beta-3 agonists, particularly among those
with risk factors for dementia. Furthermore, there were
some tendencies of an increased incidence of dementia with
the use of a beta-3 agonist alone, with a potentially cumu-
lative dose-response relationship. Although not clearly val-
idated in our study, there could be some possible
associations between beta-3 agonists and dementia.

A case-control study using data from the UK found a sim-
ilar significantly increased risk of dementia among patients
with urological anticholinergics (aHR = 1.18), with large
gaps between exposure and diagnosis [12]. A similar study
from the UK found that bladder anticholinergic users had
a significantly increased risk of dementia (aHR = 1.19)
[11]. A Canadian cohort study of patients with an OAB
showed an increased risk of dementia in new users of OAB

anticholinergics compared with the new users of mirabe-
gron (HR = 1.23) [17]. In addition, two Taiwanese studies
also found a higher risk of dementia among users of OAB
anticholinergics [15,16].

The findings in these studies are consistent with our
results: OAB anticholinergic use was associated with an
increase in the risk of dementia [11,12,15-17], although
the previous studies’ authors analysed all anticholinergics
without differentiating between specific anticholinergics.
Two studies, by French and Canadian researchers, analysed
the association between individual anticholinergics and
dementia [13,19]. When Malcher et al [19] differentiated
each anticholinergic, they found that the two most fre-
quently used OAB anticholinergics, oxybutynin and solife-
nacin, were associated with an increased risk of dementia.
In our study, oxybutynin was not associated with a risk of
dementia after multiple adjustments. This finding was sim-
ilar to that of a study by Matta et al [13], which reported no
association between oxybutynin and dementia. Matta et al
[13] reported that the receipt of solifenacin and darifenacin
was associated with an increased incidence of dementia
during the 6 mo to 1 yr period prior to a diagnosis of
dementia. Our results suggest that the use of solifenacin,
tolterodine, fesoterodine, and propiverine increases the risk
of dementia. Solifenacin was associated with an increased
incidence of dementia in both a study by Matta et al [13]
and our study. We should, therefore, at least exercise cau-
tion when prescribing solifenacin to those at risk of devel-
oping dementia.

Furthermore, although most studies reported the associ-
ation between OAB anticholinergics and dementia [15-17],
including studies by Coupland et al [11] and Richardson
et al [12], which have focused on the long-term effects of
anticholinergics taken before advanced age and the risk of
late-life dementia according to class-based associations
and reported an increased rate of dementia especially for
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antidepressants, urological drugs, and antipsychotics, a
recent study using UK Biobank reported no significant asso-
ciation in urological drugs and antipsychotics [30].

Although the results of mouse-model experiments
reported that mirabegron is associated with memory-
deficit reversal [20], no proper prospective clinical studies
have evaluated the incidence of dementia according to the
use of mirabegron. PILLAR is the first prospectively designed
investigation of mirabegron specifically designed to assess
the effects in patients aged 65 yr [21]; however, the
follow-up period was only 3 mo, which was insufficient to
measure the effects on cognitive function. In addition, only
two observational studies compared the incidence of
dementia in patients receiving anticholinergics and mirabe-
gron, setting mirabegron as the reference to reduce proto-
pathic bias [13,17]. However, the fact that the use of
anticholinergics was associated with an increase in demen-
tia compared with mirabegron does not imply that mirabe-
gron is safe for dementia patients.

In the mouse model, mirabegron was found to be bene-
ficial in terms of dementia [20]. The authors used CL-
316,243, a specific B3-adrenergic receptor (AR) agonist
[20]. They showed that B3-AR agonists can reverse memory
deficits by decreasing body weight and improving periph-
eral glucose metabolism and brown adipose tissue (BAT)
thermogenesis [20]. However, Blondin et al [31] recently
revealed that therapeutic doses of mirabegron, which is a
B3-AR agonist, do not stimulate human BAT. Human brown
adipocytes lack B3-AR and primarily express B2-ARs, in
which norepinephrine-induced respiration is driven by p2-
AR [31]. Therefore, the action of the B3-AR agonist in the
mouse model cannot be applied to humans, and the action
of the B3-AR agonist in those with dementia should be
explored further. Moreover, unlike CL-316,243, a specific
B3-AR agonist, mirabegron has selectivity to some B2 and
low-B1 activity [32]. The action of mirabegron on dementia
should, therefore, not be considered equal to that of CL-
316,243.

We found that the use of combination therapy dramati-
cally increases the incidence of dementia compared with
the use of anticholinergics alone. As the pharmacological
mechanisms of anticholinergics and beta-3 agonists differ,
with anticholinergics inhibiting bladder contraction and
beta-3 agonists mediating relaxation, they are expected to
enhance the treatment effect by complementing one
another [33]. Several clinical trials (SYMPHONY, SYNERGY,
BESIDE, and MILAI) have shown that combination therapy
achieved significantly superior efficacy to anticholinergic
monotherapy, although no additive effects on safety param-
eters were noted and no new clinically relevant safety con-
cerns arose [24-27] in these studies. However, the long-
term effects of combination therapy on cognition were not
examined. The safety of combination therapy for cognitive
impairment should therefore be revisited before expanding
the use of combination therapy and the development of
combination therapies from these two classes of drugs.

The cyclic adenosine 3,5-monophosphate (cAMP)/pro-
tein kinase A (PKA) signalling pathway plays a vital role in
long-term memory [34]. In addition, the cAMP/PKA sig-
nalling pathway causes the accumulation of AR and neu-

ronal apoptosis [35]. Since B-AR activation increases the
cAMP/PKA pathway [36], potential links between adrener-
gic activation and amyloidogenesis, a crucial event in Alz-
heimer’s disease, exist [35,37].

The pharmacological effects of anticholinergics on the
CNS depend on their ability of CNS penetration, which
depends on the permeability properties of the blood-brain
barrier [38]. Solifenacin and tolterodine demonstrated sig-
nificant CNS penetration, while trospium demonstrated
poor CNS penetration [38]. These findings were in line with
our results that a strong association of dementia with solife-
nacin and tolterodine but no association with trospium
were reported. However, although oxybutynin is known
for its extensive CNS penetration, there was no significant
association between oxybutynin and dementia in our study.
The significant association of oxybutynin and dementia has
been reported by several studies even with small sample
size [39,40]. This might be due to the well-known harmful
effects of oxybutynin on cognition, which have affected
the low-prescription tendency in patients at risk of demen-
tia. Although we tried to adjust the overall confounder bias
that is available, we could not adjust the preferences of pre-
scription by clinicians, and this would have affected our
results.

Furthermore, flavoxate was associated with a signifi-
cantly lower incidence of dementia in our study. Malcher
et al [19] also reported a decreased risk of dementia (ad-
justed odds ratio = 0.92; 95% CI, 0.57-1.49) in a French pop-
ulation, although the effect was not significant (p = 0.38).
They concluded that the low frequency of use (121 patients)
of flavoxate did not provide sufficient statistical power to
detect any association with dementia [19]. The reason for
the low frequency of flavoxate use would probably be the
limited therapeutic efficacy of an OAB. Therefore, although
our results suggest that flavoxate may be the only OAB drug
with beneficial effects on cognitive function, the results
might have been affected by the small number of flavoxate
users.

Our study has several strengths. First, it was based on a
large and representative sample of the Korean population,
which allowed us to investigate the relationship between
the use of different OAB anticholinergics and a beta-3 ago-
nist, alone or in combination, and dementia. This is the lar-
gest study population among six observational studies to
explore the association between OAB anticholinergics and
dementia (Supplementary Table 6). The size of the study
population was large enough to provide statistical power
to reach conclusions not reported in other studies. However,
this large sample size could have led to a relatively small
proportionate difference as statistically significant. Second,
this is the first study to analyse the effect of combination
therapy on dementia. In addition, we are the first to report
the effects of a beta-3 agonist prescribed for dementia.
Third, information regarding prescription information for
specific anticholinergics was obtained and analysed.

However, several limitations are noteworthy. First, this
study lacks a comparator group neither using an anticholin-
ergic nor a beta-3 agonist. The reason we did not include
this comparator group was due to the validity concerns
regarding the accuracy of diagnosis codes of studies using
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claims databases [41]. One of the recommended methods is
to include the records of both diagnosis and related medica-
tions to increase the accuracy of diagnosis [41]. Therefore,
we have chosen this method. Second, due to the absence
of a comparator group receiving no OAB medications, the
association of dementia and beta-3 agonist was based on
the indirect evidence from the cumulative exposure data
and from the comparison of monotherapy with an anti-
cholinergic with combination treatment. Therefore, future
studies are needed to confirm this association. Third, there
was a lack of information on treatment adherence. Since
cognition and memory are reversible upon withdrawal of
anticholinergics [42], no information regarding treatment
adherence could affect the association between anticholin-
ergics and dementia. Fourth, we were unable to differenti-
ate specific types of dementia as genetic variables related
to dementia, and baseline cognitive function was not mea-
sured. Fifth, although we attempted to adjust for several
confounding factors, only a limited number of factors were
available in the NHIS database. Therefore, the factors that
might dictate prescription of OAB medications, such as
availability, and social determinants of health, could not
be controlled.

5. Conclusions

This is the first largest cohort study to compare the effects
of different OAB medications on dementia. Prescribers tend
to prescribe a nonanticholinergic OAB medication, a beta-3
agonist, as previous studies have found an association
between anticholinergics and cognition. However, our
study found that combination therapy increased the risk
of dementia dramatically compared with anticholinergics
alone. Furthermore, there could be some effects of a beta-
3 agonist on dementia. We should therefore be cautious
when prescribing combination therapy and discontinue
the use of anticholinergics or beta-3 agonists as soon as pos-
sible. Finally, investigations on finding the association
between an OAB and dementia will be done in the future
to understand the pathophysiology more accurately.
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