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Abstract
Purpose Evidence suggests antimuscarinic drugs for the
overactive-bladder syndrome only confer modest
improvements in quality of life. We wanted to describe
the persistence of therapy, including an extended
analysis beyond the 1-year follow-up employed in other
studies.
Methods All prescriptions for drugs in ATC category
G04BD were retrieved for the period 1999–2006 from a
regional database with complete capture of all reim-
bursed prescriptions. Kaplan-Meyer curves were gener-
ated for duration of treatment for each substance and
analyzed for determinants of termination.
Results With the exception of trospium chloride, all drugs
had continuation rates of less than 50% at 6 months, less
than 25% at 1 year, and less than 10% at 2 years and longer.
Trospium chloride, however, exhibited continuation rates of
46% at 6 months, 36% at 1 year, 22% at 2 years, and 16%
at 3 years.
Conclusions In a setting of socialized medicine, we found
higher continuation rates than previously published. Inter-
estingly, we found that one of the older drugs on the
market, trospium chloride, had a strikingly longer retention
rate than other drugs.
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Introduction

Overactive-bladder syndrome (OAB) was redefined in 2002
as “urgency (the complaint of a sudden compelling desire to
pass urine which is difficult to defer), with or without urge
incontinence, usually with frequency and nocturia” [1].
Approximately one in six adults has symptoms of overactive
bladder, with prevalence increasing with age [2]. With the
chronic nature of OAB, the potential drug market is huge.

The use of antimuscarinics to treat bladder symptoms
was first described half a century ago and has for the last
decades been the mainstay of conservative therapy for
OAB. Presumably, these drugs work through competitive
antagonism of the M3-receptor on the detrusor smooth
muscle cell, although an effect on sensory and central
pathways cannot be excluded [3, 4]. As muscarinic
receptors are widespread in the body, including the central
nervous system, eyes, salivary glands, and gastrointestinal
tract, concomitant blockade of these functions with anti-
muscarinic treatment can lead to a diversity of adverse
effects.

Antimuscarinic drugs were developed and marketed
mainly for gastrointestinal symptoms, until the introduction
a decade ago of tolterodine as the first bladder-selective
antimuscarinic agent. Since then, a number of new
substances and formulations, including long-acting, trans-
dermal, and receptor-selective drugs, have been introduced
to an increasingly competitive market. From 2001 to 2005,
the number of users in Denmark increased by 59%, with the
sales increase driven by the newer and more expensive
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brands. In 2005 the Danish market for antimuscarinics was
approximately 100 million DKK, equaling approximately
16 million USD in 2005-rates (http://www.dkma.dk).

The use of antimuscarinic drugs for OAB is supported
mostly by 12-week randomized controlled trials (RCTs)
demonstrating statistically significant improvements in
symptoms. However, recent trials suggest that the drugs’
use only confers modest improvements in quality of life [5].
A metaanalysis showed that while the rate ratio (RR) of
improvement was only 1.39 (95% CI 1.28–1.51), there was
a tripling of the RR for dry mouth, the most common
adverse effect associated with antimuscarinic drug therapy
(RR 3.00, 95% CI 2.70–3.34) [5]. It is not clear whether
benefits are sustained during long-term treatment or after
cessation of treatment.

Withdrawals during the short-term registration RCTs were
few, and the results of long-term or open-label extension
studies have also shown very good long-term persistence, e.g.,
a 1-year continuation rate of 75% for trospium chloride [6], a
40-week continuation rate of 81% for flexible-dose solifena-
cin [7], a 1-year continuation rate of 71% for tolterodine
extended-release [8], and a 2-year continuation rate of 66%
for darifenacin [9]. However, the external validity of these
findings has been questioned by the somewhat more somber
findings of real-life prescription refill behavior. In a
California Medicaid population, Yu et al. found 1-year
continuation rates of only 12% [10]. In a younger Medicaid
managed-care population, Shaya et al. found even lower
estimates, with only 44% of patients refilling their prescrip-
tion for tolterodine extended-release after 30 days, and with a
1-year continuation rate of only 9% [11]. Similar findings
have been reported by others [12–15].

As the studies on OAB drug persistence in the literature
represent selected populations, and there is a lack of data on
OAB drug use in other care settings, we wanted to see if we
could replicate these findings in a Danish population
characterized by socialized medicine with universal
health-care coverage and generous prescription-drug reim-
bursements. We also wanted to extend our analyses beyond
the 6-month or 1-year follow-up employed in other studies,
and we wanted to compare differences in persistence
between older and newer OAB drugs.

Patients and methods

Setting

We used the Odense University Pharmacoepidemiological
Database (OPED) as our data source [16]. The OPED has
complete capture of all reimbursed prescriptions for citizens
of Funen County in Denmark (approx. 470,000 inhabi-
tants), being roughly representative of the national popula-

tion of 5.475 million people. The recorded data included a
personal identifier, the date of dispensing and codes
identifying the dispensed product, the pharmacy, and the
prescriber. The quantity and the active substance are
expressed by their Anatomic-Therapeutic Chemical (ATC)
code and their defined daily dose (DDD), developed by the
WHO for the purpose of drug utilization studies (URL:
http://www.whocc.no). The dosing instructions and indica-
tions on the prescriptions are not recorded. The study was
retrospective by design. We retrieved all prescriptions on
drugs belonging to ATC code G04BD for the period 1999–
2006. The drugs available for OAB are shown in Table 1.

In order to account for censoring, we also retrieved data
on migrations, births, and deaths for the users of OAB
drugs. Our data source was the demographic module of the
OPED database. Ethics clearance by regulatory authorities
was not required.

Analyses

We analyzed the use of OAB drugs in 2006 by some of the
analytic templates published previously [17]. The generated
measures were therapeutic intensity, i.e., the amount
measured in DDD per 1,000 inhabitants per day, the
incidence rate, the average age of users, and the gender
distribution. Results of these analyses are shown in Table 2.

In principle, it is allowed in Denmark to prescribe and
dispense drug supply for any duration. Treatment with OAB
drugs can be episodic by nature. Thus, two OAB drug
prescriptions with, e.g., 5 months between them may or may
not belong to the same treatment episode. To account for that,
we analyzed the waiting-time distributions of prescription
refills [18] and frequency distributions of intervals between
prescriptions on the same substance for the entire period. We
found that prescriptions with more than 120 days between
were unlikely to belong to the same treatment episode, and
thus we defined a treatment episode as continuing as long as
there were fewer than 120 days between prescriptions (data
not shown). We performed sensitivity analyses of this
assumption by repeating the analyses with the maximum
interval set to 100 and 150 days.

The duration of a treatment episode was set to the
interval between the first and last prescription of that
episode plus a period assigned to the last prescription.
The latter was calculated as durationlastprescription ¼
A= A� Alastð Þ½ � � ðLdate� FdateÞ where: A=total amount
of drug dispensed in episode, measured in DDD, Alast=
amount of drug dispensed on last dispensing, measured in
DDD, Fdate=date of first prescription, and Ldate=date of
last prescription.

In brief, this calculation merely assumes that the subject
would continue with his usual dose until the amount
dispensed with the last prescription had been taken. If only
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one prescription occurred, the period assigned was equal to
the dispensed quantity divided by the average daily
quantity consumed by subjects who had redeemed more
than one prescription.

We generated Kaplan-Meyer curves for each of the
substances. For all individual users, only the first
treatment episode with a given substance was analyzed,
but individuals could contribute with more than one
episode if they used more than one substance. Follow-
up was censored at the end of the study period or at the
subject’s death or emigration, if any. Survival analyses
were conducted on a patient-episode basis over the time
period, thus patients who continued taking a particular
drug for up to 7 years with no more than 120-day gaps
were regarded as experiencing single-treatment episodes.

Finally, we analyzed determinants of termination of
OAB drug treatment, using the Cox-proportional hazard
method [19]. Independent variables were age, gender, a

history of prior use of another OAB drug, use of
antidiabetics, the estimated dose, and the choice of drug.
The statistical software package STATA was used.

Results

Through 2006, we found 11,081 prescriptions dispensed to
2,477 persons, of whom 1,641 were women (66.2%) and
836 men (33.8%). Their average age was 69.0 years for
men and 68.0 for women.

The characteristics of use for each of the products are
described in Table 2. The bulk of the market was carried
by tolterodine, solifenacin, and trospium. After little
more than 1 year on the market, oxybutinin TDS
and darifenacin had found few users. Users of flavoxate
differed from the rest of the population in being older
and more of them were male.

Table 1 Antimuscarinic drugs for overactive bladder available in Denmark 1999–2006

Substance Trade
name(s)

ATC code Defined daily
dose (mg)

Marketing date Retail price per day
(EUR) as of 6
October 2008

Comments

Emepronium Cetiprin Novum G04BD01 800 Withdrawn from market
5 July 2004

Flavoxate Urispadol G04BD02 800 2.35
Oxybutinin Kentera G04BD04 3.9 20 June 2005 2.13 Transdermal formulation only
Tolterodine Detrusitol G04BD07 4 Immediate-release

marketed from
18 May 1998 to 1
April 2002.
Extended-release
marketed from
10 December 2001

2.26 2 mg marketed for
patients with renal or
hepatic impairment

Solifenacin Vesicare G04BD08 5 16 August 2004 1.86 5 and 10 mg marketed
with recommendations
for dose titration

Trospium
chloride

Spasmo-lyt,
Spasmoplex

G04BD09 40 12 November 2001 1.21 ATC code changed 1
January 2004, was A03AB20

Darifenacin Emselex G04BD10 7.5 10 October 2005 1.86 7.5 and 15 mg marketed
with recommendations for
dose titration

Table 2 Characteristics of use for antimuscarinic drugs for overactive bladder

Substance Number of users Men (%) Average age (years) Number of prescriptions Quantity DDD/user (mg)

Flavoxate (G04BD02) 21 9 (42.9) 74.1 110 150
Oxybutynin (G04BD04) 48 9 (18.8) 61.4 140 27
Tolterodine (G04BD07) 1478 505 (34.2) 69.8 6692 120
Solifenacin (G04BD08) 774 257 (33.2) 66.3 2925 193
Trospium (G04BD09) 271 96 (35.4) 67.0 1087 137
Darifenacin (G04BD10) 52 16 (30.8) 67.5 127 93

Data from Funen County, Denmark 2006
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Retention was described by Kaplan-Mayer analyses
(Fig. 1). With the exception of trospium chloride, all
OAB drugs had continuation rates of less than 50% at
6 months, less than 25% at 1 year, and less than 10% at
2 years and longer. Trospium chloride, however, exhibited
continuation rates of 46% at 6 months, 36% at 1 year, 22%
at 2 years, and 16% at 3 years.

Predictors of treatment discontinuation are shown in
Table 3. Retention was longer among women than men,
longer among the old than among the young, longer with
higher doses, and longer with past experience with other
drugs for OAB. There was a significantly longer retention
with trospium than with all other drugs [HR=0.65 (95% CI
0.57–0.74) for comparison with tolterodine] after adjust-
ment for potential confounders.

To test the sensitivity of our analyses to assumptions about
maximum allowed interval between prescriptions in the same
treatment course, we analyzed the data with values set to 100,
120, and 150 days. Estimated Kaplan-Meyer durations
corresponding to 25% of the users still remaining for
tolterodine were 0.49, 0.59, and 0.71 years respectively.

Discussion

Surprisingly, we found much higher persistence rates than
previously reported in the literature, with our 1-year
persistence rates comparable to the 30-day persistence rates
found by others [10, 11, 14]. The health-care setting with
easy access and generous reimbursements might also
explain the higher persistence. Due to national regulations,
the dispensing of free drug samples by doctors is severely
restricted in Denmark. Most patients entered in our study
had probably paid for their first prescription themselves,
thus likely excluding those reluctant to pay anything at all.
Looking at the Kaplan-Meier estimates in the studies by Yu
et al. and Shaya et al., we are somewhat surprised by the
large number redeeming only one prescription [10, 11].
This finding might be explained by the lack of patient
incentive to continue an expensive treatment.

The nature of the doctor-patient interaction could
contribute to the differing persistence. In comparison,
Bourgault et al. found 1- and 3-year persistence rates of
66 and 53% for newer antihypertensives [20]. With this

Fig. 1 Kaplan-Meyer plots of persistence with antimuscarinic drugs for overactive bladder. Proportion of treatment episodes remaining over time.
Data from Funen County, Denmark 1999–2006
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class of drugs, patients are probably counseled exten-
sively on the potential health benefits of long-term
usage, and follow-up visits are scheduled to assess effect
and adherence of treatment. It is interesting to compare
the continuation rates of drugs such as antihypertensives
or statins, with a perceived protective effect on life-
threatening diseases, to that of drugs such as antimuscar-
inics, which merely offer symptomatic relief. While OAB
is perceived as a chronic disease, that may in fact be a
too-broad definition, including non-specific, remitting,
and non-chronic symptomatology. Two studies have
found that a sizeable proportion of patients on anti-
muscarinics stopped taking the drugs because they
“learned to get by” without drugs, had spontaneous
symptom resolution, or were “cured” [21, 22]. Our choice
of allowing a 120-day gap in treatment episodes could
also have contributed to the particularly high persistence
found in our study. Other studies have allowed smaller
gaps [10, 11, 14].

Other studies have shown better continuation rates with
once-daily dosing [10, 11]. We failed to replicate this
finding in the present study, as trospium chloride,
prescribed twice daily on an empty stomach, had much
better continuation rates than, e.g., tolterodine or
solifenacin, which are prescribed without these caveats.

Cost could certainly be a factor as trospium chloride
is available as a generic formulation and is only about

half the price of the newer drugs on the Danish market.
All drugs in the present study are reimbursed equally,
on a sliding scale from 50 to 85% of retail price,
depending on consumption. Also, there are no local or
national formularies favoring one drug over another.

Lack of efficacy and side effects are the major patient-
reported reasons for discontinuation of OAB drugs, with drug
costs ranking lower [14, 15, 21, 22]. Due to the variable
pharmacology of the seven substances tested in our study,
efficacy and side-effect profiles could be expected to differ.
Interestingly, we found that one of the older drugs on the
market, trospium chloride, had longer retention than solife-
nacin, a newcomer. Solifenacin is an M3-receptor-selective
antimuscarinic being marketed with recommendations for
dose titration. In an RCT, a flexible-dosage regimen of
solifenacin had a higher prevalence of dry mouth and
constipation than a fixed dose of tolterodine [23]. While
presumably the M3-selectivity should infer greater bladder
efficacy, it could also cause greater gastrointestinal side
effects.

Tolterodine, darifenacin, solifenacin, and oxybutynin all
undergo extensive hepatic metabolism. Trospium does not
and is eliminated as an unchanged drug. Thus it has a lower
potential for drug-drug interactions and is a safer treatment
option for OAB in the context of polypharmacy, a
significant concern in older patients.

Zhou et al. found much higher persistence for
tolterodine than flavoxate [13], and though we also find
a slightly poorer persistence of flavoxate compared to
tolterodine, the difference is not of the same magnitude.
Our findings of longer retention in women, the elderly,
and prior OAB drug users replicates other studies [10, 11],
although in contrast to Boccuzzi et al. we found no
influence of prior use of antidiabetics [24].

Differences in physician choice could certainly be a
factor in the seemingly robust use of trospium chloride.
Trospium chloride could be the drug of choice in
populations with a higher persistence, e.g., older
patients or prior users of antimuscarinics. Also, the
longer a drug has been on the market, the more long-
term users it would have acquired, which would tend to
favor tolterodine and tropsium chloride in the present
study.

Conclusions

In a setting of socialized medicine with universal
health-care coverage and generous drug reimbursements,
we found higher continuation rates of OAB drugs than
previously published for U.S. Medicaid managed-care
settings, but lower rates than reported in trials. We also
found that one of the older drugs on the market,

Table 3 Determinants of treatment cessation for antimuscarinic drugs
for overactive bladder

Characteristic Hazard ratio (95% confidence interval)

Gender
Female 1.00 ref
Male 1.19 (1.14–1.24)
Age
≤59 1.00 ref
60-79 0.88 (0.84–0.93)
≥80 0.85 (0.80–0.91)
Dose
≤0.7 DDD per day 1.00 ref
>0.7 DDD per day 0.77 (0.73–0.82)
Drug choice
Tolterodine 1.00 ref
Solifenacin 1.39 (1.29–1.50)
Trospium 0.65 (0.57–0.74)
Emepronium 1.21 (1.10–1.32)
Others 1.82 (1.61–2.07)
Prior use of OAB drugs
No 1.00 ref
Yes 0.71 (0.66–0.76)
Prior use of antidiabetics
No 1.00 ref
Yes 0.96 (0.88–1.05)

Cox proportional hazard regression analysis
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trospium chloride, had a strikingly longer retention than
the other drugs for OAB. We believe that measurements
of persistence of OAB drug therapy in real-life settings
can complement existing evidence on drug efficacy and
tolerability in assessing and comparing the clinical
performance of the available drugs on the market.
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