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BACKGROUND Blocking muscarinic receptors could have an effect on cardiac function, especially among
elderly patients with overactive bladder (OAB).

STUDY OBJECTIVE To investigate the risk of cardiovascular (CV) events in users of antimuscarinic drugs
to treat OAB.

DESIGN, SETTING, AND PARTICIPANTS Cohort study of new users of darifenacin, fesoterodine, oxybutynin,
solifenacin, tolterodine, or trospium, 18 years or older, in the United Kingdom’s Clinical Practice
Research Datalink (CPRD), 2004–2012.

OUTCOME MEASUREMENTS AND MAIN RESULTS Using tolterodine as the reference, we estimated propensity-
score–stratified incidence rate ratios (IRRs) for acute myocardial infarction, stroke, CV mortality,
major adverse cardiac events (MACE, a combined end point of the previous three), and all-cause
death for individual antimuscarinic drugs. The study cohort included 119,912 new users of OAB
drugs. The mean age at cohort entry was 62 years, 70% were female, and the mean follow-up was
3.3 years. The adjusted IRR for MACE and current use of oxybutynin compared with current use of
tolterodine was 1.14 (95% confidence interval [CI] 1.01–1.30). In contrast, the IRR was 0.65 (CI
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0.56–0.76) for current use of solifenacin compared with tolterodine. In this study, performed with
health care data, the distribution of risk factors was relatively similar across users of different OAB
drugs and, although our analyses controlled for a range of measured potential confounders, residual
confounding cannot be ruled out.

CONCLUSIONS In an observational comparative study of users of medications to treat OAB conducted in
routine clinical practice, the risk for CV side effects was increased in users of oxybutynin and
decreased in users of solifenacin compared with users of tolterodine.

KEY WORDS United Kingdom, pharmacoepidemiology, urinary bladder, overactive, cardiovascular
diseases, muscarinic antagonists.
(Pharmacotherapy 2018;38(6):628–637) doi: 10.1002/phar.2121

Overactive bladder syndrome (OAB) is defined
as urgency with or without urge incontinence,
usually experienced with frequency and noc-
turia.1 The prevalence of urge urinary inconti-
nence has been reported to be as high as 36%
depending on the country, age, and tool used to
measure it.2 The European Prospective Investiga-
tion in Cancer and Nutrition (EPIC) study used
a single tool to assess prevalence rates of OAB in
persons 18 years or older in Canada, Germany,
Italy, Sweden, and the United Kingdom. The
overall prevalence of OAB was 12%.3

Antimuscarinic drugs have for a long time
been the only drug class used in the treatment
of OAB and continue to be the first line of phar-
macologic treatment for OAB in the United
Kingdom.4–6 They interact with muscarinic
receptors in the bladder detrusor and urothe-
lium, leading to decreased bladder afferent activ-
ity and resulting in reduced urgency sensation
and other OAB symptoms.7, 8 Muscarinic recep-
tors are present throughout the body. Blocking
them could affect cardiac function, especially in
elderly patients with OAB who are more likely
to have cardiovascular (CV) comorbidities and
risk factors. Adverse cardiac effects potentially
associated with use of some antimuscarinic
drugs include increased heart rate and QT inter-
val prolongation.9 Increasing resting heart rate
was associated with increased overall morbidity
and mortality, particularly in patients with CV
disease.10 Literature reviews on the safety of
antimuscarinic drugs to treat OAB do not report
on their CV safety.11, 12 However, inhaled anti-
cholinergic drugs were associated with an
increased risk for CV events in patients with
chronic obstructive pulmonary disease,13 but
this effect may not be directly applicable to the
population with OAB, a common condition that
is not life threatening.
Antimuscarinic drugs used to treat OAB differ

in their selectivity for muscarinic receptors M1–

M5 and in their ability to cross the blood-brain
barrier.10, 14 These differences result in somewhat
different effectiveness and safety profiles. Although
these drugs are thought to have a safe CV pro-
file, the comparative CV safety of antimuscarinic
drugs used to treat OAB is currently being
studied.15

Objective

To investigate the extent to which the risk of
acute myocardial infarction (AMI), stroke, CV
mortality, composite major adverse CV events
(MACE, inclusive of nonfatal AMI, nonfatal
stroke, or CV mortality), and all-cause mortality
differed by antimuscarinic drug used for the
treatment of OAB.

Material (Patients) and Methods

Design, Setting, and Participants

We conducted a retrospective cohort study
with health care data from the United King-
dom’s Clinical Practice Research Datalink
(CPRD) for patients newly prescribed specified
antimuscarinics to treat OAB. This study was
undertaken to obtain background data before a
larger postapproval safety study requested by the
health authorities for mirabegron, a b-3 adrener-
gic agonist indicated for the treatment of symp-
tomatic OAB. Data will be analyzed in 2019.
The CPRD is a governmental not-for-profit

research service, jointly funded by the United
Kingdom’s National Institute for Health Research
and the Medicines and Healthcare products Reg-
ulatory Agency, a part of the Department of
Health. The CPRD contains information
recorded by primary health care practitioners as
part of their routine clinical practice in the
country (http://www.cprd.com/intro.asp) and is
considered a valuable source of longitudinal
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medical information routinely used for epidemi-
ological research.16 The CPRD covers ~8% of
the UK population and includes ~5.7 million
active individuals who are alive and currently
contributing data to the database; 13.2 million
individuals have been part of the CPRD at some
point.17 Core data are stored in the General
Practitioner Online Database (GOLD) that
includes information on diagnoses, symptoms,
referrals, tests ordered, test results, prescriptions
issued, and additional clinical information
obtained from general practices. Approximately
half of the practices permit linkage with external
data sources—Hospital Episode Statistics (HES)
hospitalization data and the Office for National
Statistics (ONS) mortality data.
The study period was January 1, 2004,

through December 31, 2012. Patients in the
study had at least 12 months of continuous
enrollment in the database, followed by an index
prescription (cohort entry date) for darifenacin,
fesoterodine, oxybutynin, solifenacin, toltero-
dine, or trospium. To qualify as an index pre-
scription, the patient could not have received a
prescription for the same agent during the previ-
ous 12 months (but could have received a pre-
scription for another agent). All patients were
18 years or older at the time of the index pre-
scription. Patients were excluded if they had a
diagnosis of cancer other than nonmelanoma
skin cancer or had a diagnosis of or treatment
for human immunodeficiency virus (HIV) infec-
tion before cohort entry.
Follow-up started on the cohort entry date

(index prescription) and finished at the end of
the study period, end of data collection for the
practice, death, emigration, cancer diagnosis (ex-
cept nonmelanoma skin cancer), diagnosis of or
treatment for HIV infection, or a cardiovascular
event, whichever came first. For the individual
end points, person-time at risk accumulated
until the date of occurrence of the specific end
point; for example, the occurrence of stroke in
an individual did not terminate follow-up with
respect to AMI. For the composite MACE, fol-
low-up ended at the first occurrence of any of
its components. This censoring focuses on the
risk to the first CV event, eliminating the modi-
fying effect of one CV event on the risk of a sub-
sequent event.
Person-time was classified based on individual

OAB drug prescriptions and defined in a time-
varying manner. Patients could contribute
exposed person-time to different OAB drugs over
their follow-up. Drug therapy episodes of

current use of a medication were created by
linking consecutive prescriptions for a given
drug into a single continuous episode as long as
the gap between consecutive prescriptions was
not longer than 60 days. A therapy episode then
referred to the period of continuous treatment
with a given drug plus 7 days added to the end
of the last prescription in the episode. The
7 days were added to reflect that patients may
have skipped doses and had them at the end of
days’ supply and to account for delays between
the prescription, issuing, dispensing, and start of
use. The end of a therapy episode was defined
as the end of treatment with a particular drug or
a switch to or addition of another OAB drug.
Switches occurred when a patient stopped taking
one OAB drug and started taking another OAB
drug in an adjacent therapy episode or when a
patient was taking more than one OAB drug
during a therapy episode and dropped one or
more of those drugs while continuing to take
the other drug(s). An add-on treatment occurred
when a patient started taking an additional OAB
drug while continuing the current OAB therapy.
Then the episode of current use of a single med-
ication ends. After an episode of current drug
use ended, patients stopped contributing person-
time to this pool until the next eligible episode
(if any) started.

Outcome Measurements and Statistical Analysis

We first described the overall cohort and the
subsets stratified by drug at cohort entry. We
summarized selected baseline characteristics of
the study cohort at cohort entry: age, sex, year of
cohort entry, risk factors, comorbidities, and
year 2010 values of the Index of Multiple Depri-
vation, a relative measure of several types of
deprivation (e.g., health, education, crime, and
access to services such as hospitals) in small geo-
graphic areas.18

The CV end points of interest were AMI,
including out-of-hospital coronary heart disease
(CHD) deaths; stroke (hemorrhagic or ischemic
including cerebrovascular death); CV mortality
(including CHD death and cerebrovascular dis-
ease death); and all-cause mortality. We also
examined a composite end point, MACE, inclu-
sive of nonfatal AMI, nonfatal stroke, or CV
mortality. For practices that permit linkage, all
hospital episodes with an International Statistical
Classification of Diseases and Related Health Prob-
lems, 10th Revision (ICD-10) code for AMI or
stroke as a primary diagnosis were identified
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and considered to be confirmed cases. The
underlying cause of death in ONS mortality data
was also used to identify AMI and stroke cases
(ICD-10 codes). For practices not linked to
external sources, outcomes were ascertained
from general practitioner (GP) records (Read
codes) and confirmed through patient profile
review and/or questionnaires completed by the
GP who cared for the patient.19

We estimated crude and age-sex–standardized
incidence rates (IRs) per 1000 person-years for
current exposure to any OAB drug and to indi-
vidual OAB drugs using exact 95% confidence
intervals (CIs) for the Poisson distribution. The
entire follow-up time of the study cohort from
cohort entry date to end of follow-up was used
for standardization.
To compare specific antimuscarinic agents, we

estimated propensity score–adjusted incidence
rate ratios (IRRs) for individual OAB drugs com-
pared with current use of tolterodine. This drug
was selected because it is commonly used both
in the United Kingdom and worldwide, making
it a suitable comparator with regard to statistical
and clinical considerations. For each drug other
than tolterodine, we fit models to estimate the
propensity for a patient to receive that drug
instead of tolterodine, given the patient’s charac-
teristics. For each comparison, the propensity
score was estimated through logistic regression
models using patients exposed to the corre-
sponding OAB medications at cohort entry.
These models included terms for sex, age at
cohort entry, year at cohort entry, Index of Mul-
tiple Deprivation (quintiles), OAB, hypertension
(diagnosis codes or medications), diabetes (diag-
nosis codes or medications), smoking, history of
AMI, history of stroke, history of transient
ischemic attack, history of CHD, history of heart
failure, history of peripheral artery disease or
peripheral vascular disease, dyslipidemia, atrial
fibrillation, chronic obstructive pulmonary dis-
ease, dementia, hemiplegia or paraplegia, liver
disease, peptic ulcer disease, renal disease, dialy-
sis, rheumatologic disease, gout, organ transplan-
tation, menopause (women only), body mass
index in the 3 years before cohort entry, obesity
treatment, alcohol use, alcohol abuse or alcohol-
related diseases, drug abuse, outpatient visits in
the year before cohort entry, hospitalizations in
the year before cohort entry, and drug use before
cohort entry: hormone replacement therapy
(women only), tamoxifen, letrozole, thyroid hor-
mone replacement, digoxin, nitrates and other
antianginal drugs, lipid-lowering drugs, nonaspirin

nonsteroidal antiinflammatory drugs, low-dose
aspirin and other antiplatelets, immunosuppres-
sive agents, antiarrhythmic drugs, thrombolytic
therapy, and warfarin. Comorbidities were identi-
fied using diagnosis codes from all medical his-
tory before cohort entry, except where noted
otherwise. After trimming the area of nonoverlap-
ping propensity scores (~1% of extreme values in
each tail), to remove from the analysis patients
who were not comparable,20 patients were
grouped into strata defined by deciles of the
propensity score distribution in those receiving
the alternative treatment to tolterodine at entry.
Point estimates and 95% CIs from the deciles
were pooled using conventional Mantel-Haenszel
techniques.
The study was designed and implemented in

line with the International Society for Pharma-
coepidemiology Guidelines for Good Pharmacoepi-
demiology Practices;21 European Medicines
Agency Guidelines on Good Pharmacovigilance
Practices (GVP), Module VIII – Post-Authorisation
Safety Studies;22 the European Network of Centres
for Pharmacoepidemiology and Pharmacovigi-
lance Guide on Methodological Standards in Phar-
macoepidemiology;23 and the Food and Drug
Administration’s Best Practices for Conducting and
Reporting Pharmacoepidemiologic Safety Studies
Using Electronic Healthcare Data Guidance24 and
was judged to be exempt from review by the RTI
International institutional review board. The pro-
tocol was approved by the CPRD Independent Sci-
entific Advisory Committee (protocol number
13_142A). The protocol for this study was regis-
tered in the EU PAS Register before the start of the
study (EUPAS5529).25

Results

Descriptive Analysis

The study cohort included 119,912 new users
of OAB drugs. The mean age at cohort entry was
62 years, 70% of users were female, and the
mean follow-up was 3.3 years (range 1 day to
9 years including person-time of current use and
person-time of noncurrent use). Of all index
therapy episodes, 33% were for oxybutynin, 31%
for tolterodine, and 27% for solifenacin. Table 1
shows the characteristics of patients exposed to
the different OAB medications.
At cohort entry, ~50% of study patients had a

diagnostic code for OAB in their medical history,
from 47% in users of oxybutynin to 58% in
users of darifenacin. Based on diagnostic codes
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or treatment, at cohort entry 81% of patients
had hypertension and 11% had diabetes. For
both diagnoses, no substantial variation was
found across OAB drugs.
Coronary heart disease was present at cohort

entry for 13% of the study cohort overall, 13%
of oxybutynin users, 13% of tolterodine users,
but 17% of darifenacin users. At cohort entry,
4.0% of the study cohort had experienced an
AMI (6.0% of darifenacin users), 4.1% had expe-
rienced a transient ischemic attack (6.0% of dar-
ifenacin users), and 7.0% had peripheral
vascular disease. Approximately 98% of patients
had smoking history recorded: 47% were never
smokers, 35% were former smokers, and 16%
were current smokers. Regarding alcohol con-
sumption, 14% were nondrinkers, 52% had a
low or moderate alcohol intake, 18% had a high
or very high intake, 5.9% drank an unknown
amount of alcohol, and 10% did not have alco-
hol consumption recorded.

Incidence of Cardiovascular End Points

During follow-up of the 119,912 new users of
OAB drugs, 1983 AMIs, 2184 strokes, and 2097
deaths occurred due to CV causes (1126 CHD
deaths and 1007 cerebrovascular disease deaths;
both causes could be listed on a patient’s death
certificate). A total of 4728 patients experienced
an event included in the MACE definition, and
9487 died of any cause. For periods of current
use of any OAB drug, the age-sex-standardized
IR was 4.9 (95% CI 4.5–5.3) per 1000 person-
years for AMI, 6.0 (CI 5.6–6.4) for stroke, 4.5
(CI 4.2–4.9) for CV mortality, 12.2 (CI 11.6–
12.8) for MACE, and 19.9 (CI 19.1–20.6) for
all-cause mortality. Crude and standardized IRs
for CV outcomes, by current exposure to indi-
vidual OAB medications, are detailed in Table 2.

Comparative Analysis

Table 3 shows the effect of current use of oxy-
butynin, solifenacin, and trospium compared
with current use of tolterodine for the five CV
end points as IRRs estimated from the propen-
sity score analysis. The use of darifenacin and
fesoterodine was insufficient to estimate propen-
sity score–adjusted IRRs.
The point estimates for the IRRs for AMI,

stroke, CV mortality, MACE, and all-cause mor-
tality for current exposure to oxybutynin versus
tolterodine were consistently greater than 1 (Fig-
ure 1). In contrast, the point estimates for IRRs

for AMI, stroke, CV mortality, MACE, and all-
cause mortality for current exposure to solife-
nacin, compared with current use of tolterodine,
were all lower than 1 (Figure 2). Compared
with current use of tolterodine, a 14% increase
was noted in the risk of MACE for current use
of oxybutynin (adjusted IRR 1.14, 95% CI 1.01–
1.30) and a 50% reduction in the risk of MACE
for current use of solifenacin (IRR 0.65, CI
0.56–0.76). Incidence rate ratios for trospium
were all near 1, with no other consistent pat-
tern.

Discussion

In our study, current use of oxybutynin was
associated with increased risk for CV outcomes
in comparison with current use of tolterodine.
Current use of solifenacin was associated with a
lower risk for CV outcomes.
Patients with OAB have a larger prevalence of

CV comorbidities than persons without such a
diagnosis,26 and the prevalence of OAB and CV
comorbidity increase with age. Further, it was
suggested that treated patients with OAB may
have an increased CV risk compared with
untreated patients with OAB.27, 28 In our popu-
lation, the distribution of CV risk factors was
relatively similar across users of different OAB
drugs. To control for residual differences in
these factors that could confound our compara-
tive results, we estimated propensity score–ad-
justed IRRs. A limitation of the study is that due
to the low prevalence of use of darifenacin and
fesoterodine (0.1% and 2%, respectively), stan-
dardized IRs were imprecise, and we could not
estimate propensity score–adjusted IRRs.
Studies in large health care utilization data-

bases like this one allow the assessment of safety
outcomes in routine clinical practice; however, a
limitation is inherent in the data sources.
Because the data include records from health
care in a routine clinical care setting, they con-
tain administrative and coding errors, such as
duplicated prescription records, that are likely
due to repeated issue-and-print orders at the GP
office at the time of patient visits. Diagnoses are
recorded to the extent that GPs consider them
necessary for their clinical activity. Non-life-
threatening conditions are sometimes under-
recorded, as is the case with the diagnosis of
OAB. Exposure information, including drug-use
and treatment patterns, was derived from pre-
scriptions issued that the patient might not have
filled and followed. Therapy episodes of current
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Table 1. Characteristics of Exposed Patients, by Index OAB Drug(s)a at Study Cohort Entry

Variable

Index OAB drug

Darifenacin
(n=151)

Fesoterodine
(n=2344)

Oxybutynin
(n=40,651)

Solifenacin
(n=33,120)

Tolterodine
(n=37,506)

Trospium
(n=6071)

Mean (SD) age at cohort entry, yrs 65.3 (14.4) 60.1 (16.5) 62.8 (17.4) 61.3 (16.3) 62.8 (16.3) 64.1 (16.1)
Age range in years at cohort entry, %

18–24 n/a 2.1 2.4 1.8 1.4 1.3
25–34 n/a 5.0 4.7 4.0 3.9 3.4
35–44 8.6 11.3 9.6 11.0 9.7 8.8
45–54 13.9 18.7 14.3 17.2 15.0 13.5
55–64 19.9 19.5 18.7 20.6 20.7 20.3
65–74 28.5 21.8 20.6 21.1 21.6 23.0
75–84 21.2 16.1 20.7 17.8 20.2 21.5
85+ 6.0 5.4 9.0 6.5 7.5 8.4

Sex, %
Male 29.8 29.9 32.3 26.1 31.4 30.8
Female 70.2 70.1 67.7 73.9 68.6 69.2

Calendar year at cohort entry, %
2004 10.1 0.5 18.4 23.6
2005 9.3 3.9 17.3 18.5
2006 9.5 5.8 15.0 13.4
2007 21.9 10.3 8.2 13.2 9.0
2008 29.1 2.4 9.9 11.4 10.6 6.7
2009 13.9 16.9 10.7 15.2 8.6 5.5
2010 n/a 24.1 11.5 16.9 7.0 6.3
2011 12.6 28.9 13.8 18.5 5.5 7.6
2012 19.9 27.7 14.9 19.5 4.4 9.4

Index of multiple deprivation, %
1 27.2 20.6 21.0 22.0 24.2 21.3
2 19.2 22.2 20.3 21.1 19.9 21.5
3 17.9 17.6 20.5 19.5 20.1 21.8
4 21.9 22.8 21.6 20.0 19.4 17.3
5 13.9 16.8 16.6 17.3 16.4 18.1

OABb 57.6 54.1 46.6 52.2 49.8 53.2
Hypertension diagnosis
codes or medications, %

83.4 79.9 80.9 80.4 80.4 82.2

Diabetes diagnosis codes
or medications, %

10.6 12.8 11.6 11.7 10.3 12.1

Smoking, %
Never 47.7 46.8 46.9 47.2 48.0 47.7
Former 34.4 37.2 35.5 36.4 33.9 34.5
Current 16.6 15.9 16.2 16.0 16.4 15.9
Unknown history n/a n/a 1.4 0.4 1.7 2.0

Alcohol use, %
Nondrinker 21.9 15.9 13.8 13.5 13.3 13.8
Low to moderate intake 49.0 52.6 51.2 54.0 51.3 51.7
High to very high intake 19.2 16.6 18.4 18.5 18.3 17.6
Drinker unknown quantity 2.0 6.3 5.9 5.5 6.3 6.3
Unknown history 7.9 8.7 10.6 8.5 10.8 10.6
Alcoholism or alcohol-related
diseases, %

4.0 3.7 3.1 2.9 2.7 2.8

History of AMI, % 6.0 3.7 4.2 3.6 4.1 4.4
History of stroke, % 9.9 7.3 7.3 6.2 6.9 8.2
History of transient ischemic attack, % 6.0 4.2 4.1 3.6 4.2 5.0
History of CHD, % 16.6 12.2 13.1 12.2 13.2 15.1
History of heart failure, % 6.0 2.7 3.5 2.6 3.4 3.9
History of peripheral artery

disease/Peripheral vascular disease, %
7.3 6.4 7.3 6.7 6.8 7.9

Health services utilization, mean
(SD) in the year before
cohort entry year
Outpatient visits 12.3 (11.0) 10.8 (8.5) 10.8 (9.6) 10.6 (8.9) 10.7 (9.5) 11.5 (9.8)
Hospitalizations 1.0 (1.7) 0.7 (1.3) 0.5 (1.4) 0.6 (1.2) 0.5 (1.2) 0.6 (1.2)

AMI = acute myocardial infarction; CHD = coronary heart; n/a = not applicable; OAB = overactive bladder; SD = standard deviation.
aIncludes all patients with a qualifying index prescription.
bOAB diagnosis per Read codes.
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use after prescriptions of OABs were based on
published information on OAB use, but we may
not have captured the reality of drug treat-
ments.29 Prescriptions in electronic medical
records (just like filled or reimbursed prescrip-
tions in other sources of data used in observa-
tional studies) do not provide information on
whether a drug was discontinued before the end
of the days’ supply or continued after the end of
the days’ supply. Thus we rely on assumptions
and indirect methods to obtain this information,
such as incorporating a 7-day extension of

current use or requiring gaps longer than
60 days to consider a therapy discontinued.
We used three sources of information to iden-

tify CV end points: HES and ONS, for practices
that allow linkage to these data, and CPRD
GOLD data for nonlinked practices. Case identi-
fication of CV end points recorded in the CPRD
were evaluated in previous studies. The positive
predictive value (PPV) for AMI cases ascertained
by primary discharge diagnosis ICD-10 codes in
HES was reported to be 92%.30 Studies using
CPRD GP information only also showed high

Table 2. Person-time, Frequency, and Incidence Rates (per 1000 Person-Years) for Cardiovascular Outcomes, by Current
Exposure to Overactive Bladder

Events

Individuals
contributing
person-time

Person-time,
yrs

Crude
incidence rate (95% CI)a

Standardized
incidence rateb (95% CI)

AMI, with current exposure to
Any OAB drug 663 119,912 124,226 5.34 (4.94–5.76) 4.90 (4.53–5.29)
Darifenacin 1 647 447 2.24 (0.06–12.45) 2.45 (0.06–13.67)
Fesoterodine 13 5879 3491 3.72 (1.98–6.37) 3.95 (2.08–6.79)
Oxybutynin 214 50,440 31,420 6.81 (5.93–7.79) 5.94 (5.16–6.80)
Solifenacin 165 48,718 41,824 3.95 (3.37–4.60) 4.00 (3.41–4.67)
Tolterodine 241 46,641 41,292 5.84 (5.12–6.62) 5.01 (4.39–5.68)
Trospium 49 11,088 7927 6.18 (4.57–8.17) 5.58 (4.11–7.39)

Stroke, with current exposure to
Any OAB drug 818 119,912 124,028 6.60 (6.15–7.06) 6.00 (5.60–6.43)
Darifenacin 3 644 443 6.77 (1.40–19.78) 5.11 (1.01–15.06)
Fesoterodine 11 5874 3482 3.16 (1.58–5.65) 3.47 (1.71–6.23)
Oxybutynin 251 50,410 31,367 8.00 (7.04–9.06) 6.76 (5.94–7.65)
Solifenacin 212 48,703 41,752 5.08 (4.42–5.81) 5.12 (4.45–5.87)
Tolterodine 299 46,628 41,251 7.25 (6.45–8.12) 6.34 (5.63–7.10)
Trospium 57 11,071 7902 7.21 (5.46–9.35) 6.54 (4.94–8.49)

Cardiovascular death, with current exposure to
Any OAB drug 630 119,912 124,917 5.04 (4.66–5.45) 4.53 (4.18–4.90)
Darifenacin 2 648 448 4.47 (0.54–16.14) 4.70 (0.50–17.16)
Fesoterodine 10 5893 3503 2.85 (1.37–5.25) 3.24 (1.54–5.97)
Oxybutynin 243 50,473 31,591 7.69 (6.76–8.72) 6.37 (5.59–7.24)
Solifenacin 100 48,790 42,039 2.38 (1.94–2.89) 2.43 (1.98–2.96)
Tolterodine 234 46,655 41,541 5.63 (4.93–6.40) 4.71 (4.13–5.36)
Trospium 53 11,102 7981 6.64 (4.97–8.69) 5.79 (4.33–7.59)

MACE, with current exposure to
Any OAB drug 1644 119,912 123,356 13.33 (12.69–13.99) 12.19 (11.61–12.80)
Darifenacin 6 643 443 13.55 (4.97–29.49) 12.31 (4.32–27.16)
Fesoterodine 27 5860 3470 7.78 (5.13–11.32) 8.47 (5.55–12.36)
Oxybutynin 521 50,378 31,199 16.70 (15.30–18.20) 14.32 (13.10–15.62)
Solifenacin 400 48,633 41,542 9.63 (8.71–10.62) 9.82 (8.88–10.84)
Tolterodine 599 46,614 41,012 14.61 (13.46–15.82) 12.63 (11.63–13.69)
Trospium 126 11,058 7848 16.05 (13.37–19.11) 14.52 (12.07–17.31)

All-cause mortality, with current exposure to
Any OAB drug 2744 119,912 124,917 21.97 (21.15–22.80) 19.87 (19.13–20.63)
Darifenacin 7 648 448 15.64 (6.29–32.22) 16.31 (6.13–34.38)
Fesoterodine 35 5893 3503 9.99 (6.96–13.89) 11.85 (8.21–16.54)
Oxybutynin 969 50,473 31,591 30.67 (28.77–32.67) 25.61 (24.00–27.30)
Solifenacin 620 48,790 42,039 14.75 (13.61–15.96) 15.37 (14.18–16.64)
Tolterodine 940 46,655 41,541 22.63 (21.20–24.12) 19.21 (18.00–20.49)
Trospium 212 11,102 7981 26.56 (23.11–30.39) 23.42 (20.35–26.82)

AMI = acute myocardial infarction; CI = confidence interval; MACE = major adverse cardiac events; OAB = overactive bladder.
aConfidence intervals for the crude incidence rates were calculated using exact Poisson methods.
bOverall results were standardized to the sex and age distribution of the study cohort person-years; sex-specific results were standardized to
the sex-specific age distribution of the study cohort person-years.
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Table 3. Adjusted Incidence Rate Ratio for Current Exposure to Individual OAB Drugs Compared with Current Use of
Tolterodine (Propensity Score Analysis)

End point

Current exposure

Oxybutynin Solifenacin Tolterodine Trospium

AMI 1.20 (0.98-1.46) 0.64 (0.50–0.82) Ref. 0.93 (0.64–1.35)
Stroke 1.12 (0.94–1.34) 0.70 (0.56–0.88) Ref. 0.96 (0.70–1.33)
Coronary heart disease death 1.36 (1.05–1.75) 0.49 (0.33–0.71) Ref. 1.15 (0.73–1.80)
Cerebrovascular disease death 1.37 (1.03–1.82) 0.45 (0.28–0.73) Ref. 0.86 (0.49–1.49)
Cardiovascular mortality 1.34 (1.11–1.62) 0.46 (0.34–0.62) Ref. 1.02 (0.72–1.45)
MACE 1.14 (1.01–1.30) 0.65 (0.56–0.76) Ref. 1.03 (0.82–1.29)
Overall mortality 1.26 (1.14–1.38) 0.68 (0.60–0.77) Ref. 1.12 (0.94–1.33)
The propensity score was estimated through logistic regression using patients who experienced single exposure to each drug other than tol-
terodine at cohort entry. These models adjusted for age at cohort entry, sex, calendar year at cohort entry, and a number of comorbidities
and exposure to medications. After trimming ~1% of extreme values in each tail, patients were grouped into propensity score strata defined
by deciles of the propensity score distribution in patients receiving the comparison (as opposed to the reference) medication at entry. Strati-
fied incidence rate ratios estimated in propensity score analyses were calculated using the Mantel-Haenszel approach.
AMI = acute myocardial infarction; MACE = major adverse cardiovascular event; OAB = overactive bladder; Ref. = reference.

1.0

In
ci

de
nc

e 
ra

te
 ra

tio

AMI Stroke Cardiovascular
mortality 

MACE Overall mortality

1.20

1.12

1.34

1.14

1.26

0.98
0.94

1.11

1.01

1.14

1.46

1.34

1.62

1.30
1.38

Figure 1. Propensity score–stratified analysis comparing current use of oxybutynin against current use of tolterodine.
AMI = acute myocardial infarction; MACE = major adverse cardiovascular event. Vertical bars represent 95% confidence
intervals around the incidence rate ratios.
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Figure 2. Propensity score–stratified analysis comparing current use of solifenacin against current use of tolterodine.
AMI = acute myocardial infarction; MACE = major adverse cardiovascular event. Vertical bars represent 95% confidence
intervals around the incidence rate ratios.
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PPVs31–33 for AMI and for ischemic and hemor-
rhagic stroke.34–36 In our study, we validated
CV end points identified in GP information. The
PPVs were higher than 80%.19 For overall mor-
tality, we studied a sample of 146 patients with-
out linkage to HES or ONS with records
indicating they had died but had no diagnosis
codes for AMI or stroke. All of them were con-
firmed dead through questionnaires filled out by
their GPs. In a sample of 149 patients with no
death, AMI, or stroke records, we asked GPs if
the patients had died, and no death was
reported.19

Antimuscarinic drugs increase heart rate and
duration of the QT interval that are not well
captured in the data source. To overcome this
limitation, we focused on hard end points, AMI,
stroke, CV death, and all-cause death because
increased heart rate was associated with
increased CV morbidity and mortality.10, 37

In our study, the IRRs for AMI, stroke,
MACE, overall mortality, and CV mortality for
current exposure to oxybutynin compared with
current exposure to tolterodine all indicated
positive effects on CV risk. In contrast, point
estimates for the IRRs for AMI, stroke, MACE,
overall mortality, and CV mortality for current
exposure to solifenacin relative to tolterodine
were in the opposite direction. Lower IRRs for
CV end points for solifenacin in comparison
with tolterodine were also observed in a Swedish
cohort study38 with the same design as this one,
but not in a similar study conducted in Den-
mark, where the risk of the targeted CV end
points was similar across individual OAB drugs
and did not indicate a consistently increased risk
for any individual OAB drug.15 In the Nordic
countries, use of oxybutynin is minimal and
insufficient to study its effects on CV end
points.15, 29, 38 The fact that results are not con-
sistent across these populations in observational
studies, together with unclear safety results from
in vitro studies and randomized clinical tri-
als,9, 10 precludes us from making recommenda-
tions to modify clinical practice.
This set of studies has produced two valuable

contributions. First, none of the study drugs
seem to be markedly and consistently harmful or
safer, and second, the observed safety results
vary across populations despite the common pro-
tocol used by these studies. The Danish and
Swedish health care systems and data sources are
similar, and both differ from the UK health care
system and data source. Exposure data in the
Danish and Swedish study were derived from

dispensed prescriptions and from issued pre-
scriptions in this study. Duration of use was esti-
mated using the waiting-time distribution
method in Denmark,39 the dispensed number of
daily defined doses in Sweden,40 and the
recorded days’ supply in the CPRD. Despite these
differences, patterns of drug utilization were sim-
ilar in the three populations.29 In the Danish and
Swedish studies, data sources included outpatient
visits to hospitals and hospitalizations, whereas
in the present study, data sources also include
primary care, and hospitalization data are avail-
able for a part of the population. We could not
identify differences in patient characteristics that
would explain the differences in safety results
across populations. None of these studies could
assess genetic differences or exposure to over-
the-counter medications.

Conclusion

In this retrospective cohort study of new users
of OAB medications, the risk of AMI, stroke, CV
mortality, and all-cause mortality, compared
with tolterodine, was increased in users of oxy-
butynin and decreased in users of solifenacin.
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