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BACKGROUND: Selective antimuscarinics may offer a fa-
vorable safety profile over non-selective antimuscarinics
for the management of overactive bladder (OAB) in
patients with dementia.
OBJECTIVE: To test the hypothesis that non-selective
antimuscarinics are associated with increased risk of
mortality compared to selective antimuscarinics in older
adults with dementia and OAB.
DESIGN: Propensity score-matched retrospective new-
user cohort design among Medicare beneficiaries in com-
munity settings.
PATIENTS: Older adults with dementia and OAB with
incident antimuscarinic use.
MAIN MEASURES: The primary exposure was antimus-
carinic medications classified as non-selective (oxybuty-
nin, tolterodine, trospium, fesoterodine) and selective (sol-
ifenacin, darifenacin) agents. All-cause mortality within
180 days of incident antimuscarinic use formed the out-
come measure. New users of non-selective and selective
antimuscarinics were matched on propensity scores us-
ing the Greedy 5 → 1 matching technique. Cox
proportional-hazards model stratified on matched pairs
was used to evaluate the risk of mortality associated with
the use of non-selective versus selective antimuscarinics
in the sample.
KEYRESULTS: The study identified 16,955 (77.6%) non-
selective antimuscarinic users and 4893 (22.4%) selective
antimuscarinic users. Propensity score matching yielded
4862 patients in each group. The unadjusted mortality
rate at 180 days was 2.6% (126) for non-selective and
1.6% (78) for selective antimuscarinic users in the
matched cohort (p value < 0.01). The Cox model stratified
on matched pairs found 50% higher risk of 180-day mor-
tality with non-selective antimuscarinics as compared to
selective ones (hazard ratio (HR) 1.50; 95% confidence
interval (CI) 1.04–2.16). The study findings remained con-
sistent across multiple sensitivity analyses.
CONCLUSIONS: Use of non-selective antimuscarinics
was associated with a 50% increase in mortality risk

among older adults with dementia and OAB. Given the
safety concerns regarding non-selective antimuscarinic
agents, there is a significant need to optimize their use
in the management of OAB for older patients with
dementia.
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INTRODUCTION

Overactive bladder (OAB) can be defined as a constellation of
urinary symptoms typically characterized by urgency, with or
without urge urinary incontinence, and accompanied by fre-
quency and nocturia1. Antimuscarinic medications, the first-
line pharmacotherapy for OAB, block the muscarinic recep-
tors and inhibit involuntary detrusor contractions, thereby
reducing urgency2, 3. Although antimuscarinic agents are ef-
fective in bladder control, there are differences in the safety
and tolerability profiles of individual agents, mainly driven by
the differences in receptor selectivity subtypes and capability
to cross the blood–brain barrier4–6. Antimuscarinics such as
oxybutynin, tolterodine, trospium, and fesoterodine are non-
selective as they have affinity for all muscarinic receptors
(M1–M5), while others such as darifenacin and solifenacin
are selective due to their high affinity forM2/M3 receptors that
are responsible for bladder contraction.
Although selective and non-selective agents have compa-

rable efficacy, muscarinic receptor selectivity could offer
advantages over non-selective agents with respect to adverse
effects 4, 7–12.On the basis of available evidence, antimuscar-
inic agentswith selectivity forM3overM1andM2receptors,
limited CNS penetration, or both may offer a favorable bal-
ance of safety and efficacy in treating OAB together with
reduced adverse cognitive effects in the older population13.
Medications with strong anticholinergic properties such as
antimuscarinics have been associated with cognitive and
other adverse effects including risk of mortality in diverse
samples of older adults 14–25. Two recent studies have
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evaluated the risk of cardiovascular events and overall mor-
tality with antimuscarinics and provided conflicting find-
ings26, 27. Arana et al. found increased risk of cardiovascular
events and mortality among adults using oxybutynin com-
pared to tolterodine 26. However, Margulis et al. found no
differential risk of cardiovascular events and overall mortal-
ity among adults using antimuscarinic agents for OAB27.
Dementia and OAB are the most common comorbid con-

ditions affecting older patients. The multifactorial disease
pathology of dementia leads to a fourfold increase in urinary
incontinence and OAB, and urinary problems affect up to 90%
of patients with dementia28, 29. Although antimuscarinics are
effective for OAB, highly anticholinergic medications includ-
ing antimuscarinics are considered inappropriate for patients
with dementia30. Anticholinergic medication use in patients
with dementia is of particular concern, because patients with
dementia suffer from progressive cognitive decline due to
damage to the cholinergic nervous system, and therefore, they
are more susceptible to the central anticholinergic adverse
effects of antimuscarinics 31–33. However, no studies evaluated
comparative safety of antimuscarinics in older adults with
dementia. Therefore, the objective of this study is to examine
the comparative risk of all-cause mortality among older adults
with dementia and OAB using non-selective versus selective
antimuscarinics. We hypothesized that non-selective antimus-
carinics would lead to a higher risk of mortality than selective
antimuscarinic agents in patients with dementia and OAB.

METHODS

Data Source

The study used multiyear Medicare claims data from 2013 to
2015 including parts A, B, and D claim data files involving
100% of the national cohort of older patients with dementia
and OAB. Medicare data files are available as Research Iden-
tifiable Files from the CMS upon request34, 35. Medicare
Standard Analytical Files (SAF) are available on yearly basis
from the CMS. These data files are restricted to claims sub-
mitted by fee-for-service (FFS) enrollees. This study used the
MedPAR File, Outpatient SAF, Carrier SAF, Master Benefi-
ciary Summary File (MBSF), and Prescription Drug Event
(PDE) files. The MBSF segment includes beneficiary enroll-
ment information (A/B/C/D), in addition to demographic in-
formation. The PDE files include events from all beneficiaries
participating in the part D program.

Study Design

A retrospective cohort design (Fig. 1) matched on propensity
scores was used to examine the comparative risk of all-cause
mortality in older patients with dementia and OAB using non-
selective versus selective antimuscarinic medications. The
entire study duration was from 01/01/2013 to 12/31/2015.
Index use of antimuscarinic medications for the older patients

with dementia and OAB was defined as the first prescription
of antimuscarinic medication in the patient identification pe-
riod (01/01/2014–12/31/2015) after 12 months of washout
period (01/01/2013–12/31/2013) from the study start date.
This ensured that (i) the study included only incident antimus-
carinic users to reduce survivor bias among prevalent users
and (ii) each patient had a minimum 12 months of baseline
period to accurately identify any pre-existing comorbidities/
comedications that could influence treatment selection for
OAB.
The index antimuscarinic use was classified as non-

selective or selective antimuscarinic medication. Consistent
with previous research23, these antimuscarinic users were
followed up to a maximum of 6 months (180 days) from their
index date to examine the risk of all-cause mortality with the
use of non-selective versus selective antimuscarinic medica-
tions. Exclusion criteria also included use of antimuscarinic
medications before dementia diagnosis and gaps in continuous
enrollment.

Exposures and Outcome Definitions

Antimuscarinic medication exposure was identified via Na-
tional Drug Codes (NDC) and generic names (Supplementary
Table S1) using PDE files. The selective antimuscarinic cohort
included new users of solifenacin or darifenacin. The non-
selective antimuscarinic cohort included new users
of oxybutynin, fesoterodine, tolterodine, or trospium. The
primary outcome of this study was the time to all-cause
mortality during the follow-up duration of maximum 6months
(180 days) after initiation of either non-selective or selective
drug class (index date). The MBSF part A/B/C/D summary
file was used to identify mortality events for all beneficiaries.
Patients were followed until they died or were censored if they
switched to the other antimuscarinic medication class from the
index antimuscarinic medication class, or discontinued their
antimuscarinic medication (gap of ≥ 7 days between the last
date of medication use and the end of follow-up period), or had
a gap of ≥ 7 days between two consecutive refills, or reached
the end of their follow-up period or end of study period
(December 31, 2015), whichever happened earlier.

Cohort Matching

Propensity score matching was used to minimize the
differences in baseline characteristics between the two
exposure groups such that they differed only based on
antimuscarinic treatment assignment 36, 37. More than 50
covariates were included in the propensity score calcu-
lation based on previously published literature, expert
opinions of clinicians and geriatricians, and their asso-
ciation with treatment and outcome 20, 22, 23, 26, 27.
These included clinical characteristics such as comorbid-
ities and comedications and socio-demographics such as
age and gender. Comorbidities were captured using Elix-
hauser’s index during the 12 months before the index
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date38. In addition, the Anticholinergic Drug Scale
(ADS) was used to account for the baseline anticholin-
ergic load 39. A logistic regression model was developed
using all baseline covariates to predict exposure to se-
lective antimuscarinics versus non-selective agents.
Patients taking non-selective antimuscarinics were then
matched on this predicted probability of exposure using
the GREEDY 5→ 1 matching technique. This matching
technique, in general, reduces matched-pair bias caused
by incomplete and inexact matching 40.

Statistical Analysis

An a priori total sample size of 1340 was estimated to yield
80% power to demonstrate a hazard ratio of 1.46 based on our
previous work involving anticholinergics 23. The covariate
balance before and after matching was checked using bivariate
analyses and standardized differences. Kaplan–Meier survival
plots were created to depict the crude (unadjusted) relationship
between non-selective versus selective antimuscarinic use and
time to all-cause mortality. The proportionality hazard as-
sumption, evaluated via the Schoenfeld residuals test, was
supported by a non-significant relationship between residuals
and time. The stratified Cox proportional-hazards model was
conducted to evaluate the risk of all-cause mortality from non-
selective antimuscarinic use (selective antimuscarinics as ref-
erence), within 180 days after initiating antimuscarinic treat-
ment, with censoring. SAS 9.4 (SAS Institute, Cary, NC) was
used for all analyses.
Several sensitivity analyses were conducted to evaluate the

robustness of the study findings. The first sensitivity analysis
evaluated the mortality risk among users of the most frequent-
ly reported individual non-selective versus selective antimus-
carinic medication in the matched cohort. In addition, the risk
of mortality was evaluated in the matched cohort within a
maximum follow-up duration of 3 months (90 days). Since
propensity score matching can limit generalizability, Cox
proportional-hazards regression with stabilized inverse proba-
bility of treatment weighting (IPTW) was implemented on the

entire unmatched sample41. Another sensitivity analysis was
conducted to evaluate the mortality risk in the unmatched
incident antimuscarinic user cohort using propensity score as
a covariate. Finally, an unmeasured confounder analysis was
conducted, whereby the strength of an unmeasured confound-
er was calculated based on the mortality risk estimates found
in the study 42. All analyses were conducted using an a prioriα
level of 0.05.
The study was approved by the University of Houston

Institutional Review Board Committee for the Protection of
Human Subjects under the exempt category.

RESULTS

Figure 2 shows the process of identification of older adults
with dementia and OAB who were new users of antimuscar-
inic medications. Overall, there were 3,383,603 Medicare
beneficiaries diagnosed with dementia between 2013 and
2015. Over one million (1,049,897) of these older adults with
dementia had OAB for overall prevalence of 31.03%. Among
OAB patients, 287,612 (27.01%) were prevalent antimuscar-
inics users during the study period; 79,397 (7.56%) were
incident antimuscarinic users in 2014–2015. After continuous
eligibility criteria, the incident users included 21,848 (10.34%)
incident antimuscarinic users after dementia diagnosis.
Among the incident antimuscarinic users, 16,955 (77.6%)

were non-selective antimuscarinic users and 4893 (22.4%)
were selective antimuscarinic users; these antimuscarinic users
were used for calculation of propensity scores. The most
frequently reported non-selective antimuscarinic medications
were oxybutynin (12,295, 72.5%) and tolterodine (2868,
16.9%); among selective antimuscarinic agents, solifenacin
(4669, 95.4%) was most frequently prescribed followed by
darifenacin (224, 4.6%). Table 1 reports the differences in
baseline characteristics between the two groups before and
after matching. After matching, both the groups (N = 4862
each) were similar in terms of distribution of the baseline

Figure 1 New antimuscarinic use study design.
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characteristics and comparable in terms of distribution of the
baseline characteristics. (Fig. 3).

Risk of All-Cause Mortality

The mortality rate was 2.3% (396) for non-selective and 1.6%
(80) for selective antimuscarinic users in the total cohort (p
value < 0.01) before matching. The rate of mortality was 2.6%
(126) for non-selective and 1.6% (78) for selective antimus-
carinic users in the matched cohort (p value < 0.01). This
translates to absolute risk reduction of 1% and number needed
to harm of 100. Kaplan–Meier survival curves also revealed
significant association between antimuscarinic use and risk of
all-cause mortality (p value < 0.01) (Fig. 4).
Table 2 presents results from the stratified Cox

proportional-hazards model for the risk of all-cause mortality
between non-selective and selective antimuscarinic users in
the matched cohort. The Cox model found 50% higher risk of
180-day mortality with non-selective antimuscarinics as com-
pared to selective ones (hazard ratio (HR) 1.50; 95% confi-
dence interval (CI) 1.04–2.16).

Sensitivity Analysis

Similar findings were observed with multiple sensitivity anal-
yses (Table 2). A significantly increased hazard ratio was
found (HR, 1.68; 95% CI, 1.14–2.48) for the risk of all-
cause mortality between non-selective and selective antimus-
carinic users in the matched cohort during the reduced follow-
up period (90 days). Higher risk of all-causemortality was also
observed among older adults with dementia and OAB who
initiated treatment with non-selective oxybutynin (HR 1.58;
95% CI 1.06–2.34) as compared to selective solifenacin.
In the unmatched cohort, an increased mortality risk was

observed when propensity score was used as a covariate (HR,
1.33; 95% CI, 1.04–1.69). These findings remained consistent
when propensity score weighting approach was used in the
unmatched sample (IPTW HR, 1.43; 95% CI, 1.13–1.74).
Finally, the strength of unmeasured confounder was 2.36; this
shows that the observed HR of 1.50 could be explained away
by an unmeasured confounder that was associated with both
the antimuscarinic use and mortality by a HR as high as 2.36-
fold each, above and beyond the measured confounders.

DISCUSSION

The study evaluated the risk of mortality in a national cohort of
older adults with dementia using antimuscarinics for OAB and
found that non-selective antimuscarinics were associated with
a 50% increase in risk of all-cause mortality compared to
selective antimuscarinics. The study findings remained con-
sistent in multiple sensitivity analyses with 68% increased
mortality risk within a 90-day follow-up and a 58% increased
risk of mortality with oxybutynin versus solifenacin use. In the
unmatched cohort, a 43% increased risk of mortality was
observed for the non-selective antimuscarinic group in pro-
pensity score weighing approach and a 33% increased mortal-
ity risk was observed when propensity score was used as a
covariate.
This is the first study to the authors’ knowledge that eval-

uated the comparative risk of mortality for non-selective ver-
sus selective antimuscarinics among older patients with de-
mentia and OAB. Previous research by Arana et al. based on
UK’s Clinical Practice Research Datalink involving patients
18 years or older reported a 26% increased risk of overall
mortality among oxybutynin users and 32% reduced risk
among solifenacin users when compared to tolterodine users
26. However, Marguilis et al. did not report any difference in
cardiovascular, stroke, acute myocardial infarction, or major
acute cardiac event-related mortality risk with use of individ-
ual antimuscarinic agents compared to tolterodine 27. The
higher mortality risk reported in the current study cannot be
directly compared with the findings of Arana et al. due to
differences in study sample, namely older adults with demen-
tia and the comparator used, selective agents 26.
Our study findings confirm the study hypothesis that non-

selective antimuscarinics are associated with a higher risk of

Figure 2 Cohort development flowchart.
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Figure 3 Distribution of propensity scores among non-selective and selective antimuscarinic medication users before (a) and after (b) matching.
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mortality than selective antimuscarinic agents in patients with
dementia and OAB. The adverse effects of non-selective anti-
muscarinics are a consequence of their binding to different
receptor subtypes that have minimal or no involvement in
bladder detrusor contractions, such as M1 and M4 muscarinic
receptors 7. This leads to central and peripheral adverse events
including heart rate, secretions, pneumonia, sedation, visual
disturbances, and others. The effect of M1/M4 is particularly
problematic in dementia as inhibition of the M1 receptors
leads to adverse cognitive effects 7. Oxybutynin, the first
non-selective drug approved for OAB in 1975, has a slightly
higher affinity for M1 and M3 receptors than for M2 receptors
43. Additionally, the pro-arrhythmic and pro-ischemic effects
of non-selective agents can attribute to their increased cardio-
vascular risk 44, 45.
Solifenacin and darifenacin, on the other hand, are selective

muscarinic M3 receptor antagonists; the relatively high

selectivity of darifenacin for the M3 receptors as compared
to the M1 receptors minimizes cognitive adverse effects 46, 47.
Therefore, the study findings strongly suggest that selective
antimuscarinics can offer a favorable safety profile over non-
selective antimuscarinics for the management of OAB in
patients with dementia. It should be noted that the current
study did not evaluate the specific reasons for mortality.
Therefore, more research is needed to understand the role of
specific mechanisms contributing to increased mortality risk
due to non-selective antimuscarinics in older patients with
dementia.
The high use of non-selective antimuscarinic medications,

especially oxybutynin, further raises concerns. There was a
58% increased risk of all-cause mortality among oxybutynin
users compared to those using solifenacin. Given the relatively
higher utilization of oxybutynin (n = 12,295; 56%) observed
in the overall population, there is a significant need to reduce

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Figure 4 Kaplan–Meier plot of crude association between non-selective and selective antimuscarinic medication users and risk of all-cause
mortality. Log-rank test: p value = 0.008.

Table 2 Stratified Cox Proportional-Hazards Model for Risk of All-Cause Mortality Due to Non-selective vs Selective Antimuscarinic
Medication Use in Older Adults with Dementia and OAB

Exposure Hazard ratio (HR) 95% confidence interval [95% CI] pvalue

Main analysis
Non-selective antimuscarinic [N = 4862] 1.50 1.04–2.16 0.03*
Selective antimuscarinic [N = 4862] 1.00 Reference

Sensitivity analysis
Mortality risk with the most frequently reported antimuscarinics in each category (oxybutynin vs solifenacin)
Non-selective antimuscarinic—oxybutynin [N = 4624] 1.58 1.06–2.34 0.02*
Selective antimuscarinic—solifenacin [N = 4624] 1.00 Reference

Mortality risk within maximum follow-up of 90 days
Non-selective antimuscarinic [N = 1201] 1.68 1.14–2.48 0.008*
Selective antimuscarinic [N = 1201] 1.00 Reference

Mortality risk in unmatched sample using PS as covariate
Non-selective antimuscarinic [N = 16,955] 1.33 1.04–1.69 0.02*
Selective antimuscarinic [N = 4893] 1.00 Reference

Inverse probability of treatment weight analysis
Non-selective antimuscarinic [N = 16,955] 1.43 1.13–1.74 0.003*
Selective antimuscarinic [N = 4893] 1.00 Reference

*Statistical significance at p value < 0.05
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oxybutynin use in older adults with dementia. The higher use
of oxybutynin compared to other antimuscarinics could be due
to its preferred tier status that may lead physicians to prefer this
drug compared to other antimuscarinics 48. Also, antimuscar-
inic treatments other than oxybutynin may not be affordable to
some patients based on insurance coverage. This poses a
considerable challenge in the management of OAB in older
adults with dementia. Given the high mortality risk and ad-
verse cognitive safety profile of oxybutynin, the better safety
profiles with selective antimuscarinic agents observed in the
current study provide support for expanding patient access to
include the selective antimuscaranics as preferred agents, es-
pecially for older adults with dementia. Careful screening of
patients for cognitive deficits prior to any non-selective anti-
muscarinic treatment can also be one of the ways to improve
antimuscarinic prescribing.
This study had several strengths including the study design

and analytical approach used. A new-user retrospective cohort
design based on propensity-matched approach provided an
efficient method of assessing the causal relationship between
the antimuscarinic exposure and risks of mortality. Although
randomization of exposure did not take place, this pseudo-
randomization technique of propensity score matching
strengthened our study findings. The study used relevant
covariates in the propensity score model including baseline
anticholinergic exposure and Elixhauser’s index, a widely
used risk adjustment tool proven to be statistically superior
for predicting various outcomes including mortality. Addition-
ally, the main findings did not change when propensity score
weighting approach was used to increase the generalizability.

Limitations

The study findings should be interpreted in the light of potential
limitations. Due to the use of claims data, actual use of medica-
tion could not be ascertained. However, by allowing only a 7-day
gap in medication use, a conservative definition of continued
medication persistence was applied which may have excluded
patients who stopped the medication. The diseases, exposures,
and outcome measurements were based on medical claims and
could be subject to coding issues. Variables included for the
propensity-matched cohort were limited to those available in
the data source; hence, residual confounding due to unmeasured
covariates such as physician preferences and other clinical meas-
ures might have affected the study findings. Although the study
controlled for patients with high baseline anticholinergic load, the
dosage of these medications was not controlled. Our sensitivity
analysis revealed that an unmeasured confounder must be strong-
ly associated with a HR of 2.36 with the treatment and the
outcome to explain away the association. The use of prescription
data did not include use of over-the-counter drugs and prescrip-
tion drugs in inpatient settings. The study is limited to Medicare
beneficiaries in community settings; therefore, future studies are
needed to assess the safety of antimuscarinics in diverse settings.

CONCLUSIONS

The current study found that non-selective antimuscarinic use
was associated with 50% increased risk of mortality compared
to selective agents in older adults with dementia and OAB.
The findings remained consistent across several sensitivity
analyses. The study findings suggest that physicians should
prefer selective antimuscarinics over non-selective agents to
manage OAB in older adults with dementia. Expanding pa-
tient access for selective agents can also help to improve
quality of care in dementia. Given the increased risk of all-
cause mortality observed in this study, future research should
focus on cause-specific mortality and other drug-related
morbidity.
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