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INTRODUCTION
 
Overactive bladder syndrome (OAB), with or without inconti-
nence, is characterized by urinary urgency, frequent urination, 
and nocturia. Muscarinic receptor antagonists are the first-line 

pharmacotherapeutic agents for the treatment of OAB. At pres-
ent, several antimuscarinic drugs are available for the treatment 
of OAB. Each of these has demonstrated significant efficacy for 
the treatment of OAB symptoms, although their pharmacoki-
netic and adverse effect profiles vary [1,2].
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Purpose: To determine the duration of antimuscarinic therapy for overactive bladder syndrome (OAB) appropriate for assess-
ment of the efficacy of treatment, and to evaluate the possible predictive factors for response to therapy.
Methods: All OAB patients who visited a urology outpatient clinic of a tertiary referral center and who were prescribed 5 mg 
of solifenacin or 4 mg of tolterodine extended release capsules daily were enrolled in the study. Patients were asked to continue 
therapy for 6 months. All enrolled patients completed the patient perception of bladder condition, overactive bladder symp-
tom score (OABSS), and the modified Indevus Urgency Severity Scale questionnaires. All patients underwent uroflowmetry. 
Results: A total of 164 patients were enrolled and 125 patients (76%) had at least one follow-up visit. The mean follow-up in-
terval was 1 month (range, 0.5–6 months). Sixty-two patients (49.6%; 95% confidence interval [CI], 40.7–58.5) responded to 
antimuscarinic treatment. The median time for the onset of response was 3 months (95% CI, 1–6). Multivariate Cox propor-
tional-hazards model revealed that elevated baseline OABSS was an independent predictor of responsiveness to therapy. Re-
ceiver operating characteristic (ROC) curve analysis revealed an optimal OABSS cutoff value of ≥7, with an area under the 
ROC curve of 0.79 (95% CI, 0.70–0.88; sensitivity, 91.9%; specificity, 60.7%). 
Conclusions: The median time for a therapeutic response was 3 months, and OABSS was the only predictor for responsive-
ness. These findings may serve as a guideline when prescribing antimuscarinic treatment for OAB patients.
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 The duration of antimuscarinic treatment for OAB has var-
ied in previous studies, and there is no consensus regarding the 
optimal duration of treatment for OAB patients. The treatment 
durations in clinical studies have been reported to range from 2 
weeks to 12 months [3-11], or as the time taken to reach an op-
timal dose (i.e., the dose that achieved a maximum dose or a 
balance between improvement in incontinence symptoms and 
tolerability of side effects) plus one additional week [12]. Never-
theless, a specific definition of refractory OAB would be useful, 
and would allow for timely initiation and evaluation of second- 
and third-line treatments [13]. 
 In-depth knowledge about both the optimal duration of 
therapy and the predictors of response to antimuscarinic treat-
ment would be helpful in clinical practice. Identification of pa-
tients likely to be refractory to antimuscarinic treatment could 
help prevent administration of ineffective medication and po-
tential drug-related adverse effects. Thus, the aim of this study 
was to estimate the duration of treatment required before clas-
sifying a patient unresponsive to antimuscarinic therapy, and to 
determine if any factors predict a patient’s response to antimus-
carinic treatment.

MATERIALS AND METHODS

One hundred sixty-four consecutive patients, who visited the 
urologic outpatient clinics of a referral hospital for treatment of 
OAB, were prospectively enrolled in this study. Inclusion crite-
ria included age ≥18 years and ≥1-month history of OAB 
symptoms, including frequent and urgent urination, with or 
without incontinence. Patients with predominant symptoms of 
urinary stress incontinence, previous bladder or urethral sur-
gery, possible neurogenic lesions, or active urinary tract infec-
tion were excluded. The study was approved by the Research 
Ethics Committees of Buddhist Tzu Chi General Hospital.
 The screening visit was designated as visit 0. Eligibility was 
determined at visit 1 (baseline; 2 weeks after visit 0) using the 
results recorded in the 3-day voiding diary prior to visit 1. Dif-
ferentiation between OAB-wet (i.e., at least one episode of urge 
urinary incontinence every 3 days) and OAB-dry (i.e., urgency 
at least once per day without urge urinary incontinence) was 
based on the presenting symptoms and the 3-day voiding diary. 
Patients received 5-mg solifenacin or 4-mg tolterodine extend-
ed-release (ER) capsules daily. Patients were followed-up at 2 
weeks (visit 2), 1 month (visit 3), 3 months (visit 4), and 6 
months (visit 5). In addition, patients who had received at least 

one dose of the study medication were evaluated for adverse 
events at each visit.
 All enrolled patients were asked to complete the patient per-
ception of bladder condition (PPBC) [14], the overactive blad-
der symptom score (OABSS) [15], the modified Indevus ur-
gency severity scale (IUSS) [16], and the International Prostate 
Symptoms Score (IPSS) questionnaires [17]. The urgency se-
verity scale was rated by marking 0, 1, 2, or 3, which were de-
fined as none, mild, moderate, and severe urgency, respectively. 
In addition, urgency with urinary incontinence was assigned a 
score of 4 [18]. Total prostate volume and transition zone index 
were obtained by ultrasound in each patient. Uroflowmetry was 
performed and postvoid residual volume was measured by 
transabdominal ultrasound at each outpatient clinic visit. The 
voided volume was derived from the uroflowmetry data. 
 A response to antimuscarinic therapy was defined as a reduc-
tion of ≥3 in the OABSS from baseline until the follow-up visit 
[19]. Data of patients with at least one follow-up visit, who failed 
to attend further follow-ups before the occurrence of a response 
to antimuscarinic therapy, were considered censored data. 
 STATA 11.0 (StataCorp LP., College Station, TX, USA) was 
used for the statistical analysis. A Cox proportional-hazards 
model was applied to identify the factors affecting responsive-
ness. Multivariate analysis was performed using the criteria that 
univariate test of any variable had a P-value <0.05. A P-value 
<0.05 was considered statistically significant. Receiver operat-
ing characteristic (ROC) curve analysis was performed to iden-
tify the optimal cutoff value for predicting responsiveness. The 
optimal cutoff value was determined by the point on the ROC 
curve closest to the upper left-hand corner.

RESULTS

A total of 164 patients were enrolled in the study, among which 
125 patients (76%) had at least one follow-up visit. Baseline data 
of these 125 patients, along-with follow-up visit data, are tabu-
lated in Table 1. Except for age and maximum flow rate, the val-
ues of the other variables did not differ between women and 
men (Table 1). The mean follow-up interval was 1 month 
(range, 0.5–6 months). Sixty-two patients (49.6%; 95% confi-
dence interval [CI], 40.7–58.5) were responsive to antimusca-
rinic therapy during the treatment period. The response rate 
did not differ between genders (Table 1). The median treatment 
duration before response was 3 months (95% CI, 1–6) (Fig. 1A). 
The nonresponsiveness probability curve did not differ between 
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genders (P=0.423; log-rank test) (Fig. 1B). The persistence rate 
of antimuscarinics at 3 months was 40.8% (51 of 125). 
 Among the 62 responsive patients, 13 became unresponsive 
during follow-up. However, none of the baseline variables could 
predict this phenomenon.  
 In addition to antimuscarinics, 59 out of the 81 patients with 
benign prostate hyperplasia were concomitantly treated with an 
alpha blocker (tamsulosin [n=46], silodosin [n=8] or doxazo-
sin [n=5]). Among these 59 patients, 12 patients also received 

5-alpha reductase inhibitor treatment (dutasteride; Table 1).
 Univariate Cox proportional-hazards model revealed that 
the presence of OAB-wet and elevated baseline PPBC, OABSS, 
and IUSS were the factors associated with a response to therapy. 
However, multivariate Cox proportional-hazards model re-
vealed that only a higher OABSS independently predicted a re-
sponse to therapy (Table 2).
 ROC analysis revealed that an OABSS≥7 was the optimal 
cutoff value for predicting a response to therapy, with the area 

Table 1. Baseline characteristics of patients with overactive bladder syndrome, and their response rate and adverse effects   

Variable Total (n=125) Women (n=44) Men (n=81) P-valuea)

Age (yr) 71.1±13.0 66.5±15.2 73.5±11.0 0.007

OAB-wet 98 (78) 32 (73) 66 (81) 0.358

Treatment
Solifenacin
Tolterodine 

  
106 (85)

19 (15)

  
39 (89)

5 (11)

  
67 (83)
14 (17)

  
0.444

-

Diabetes mellitus 21 (17) 8 (18) 13 (16) 0.761

Hypertension 30 (24) 8 (18) 22 (27) 0.262

CRF 7 (6) 2 (5) 5 (6) 1.000

Stroke 10 (8) 3 (7) 7 (9) 0.740

Parkinsonism 6 (5) 1 (2) 5 (6) 0.424

BPH in men (n=81)
Concomitant treatment for BPH

Alpha blocker
5ARI

69
  
59
12

-
  
-
-

69
  
59
12

-
  
-
-

PPBC 3.7±1.7 3.9±1.7 3.6±1.7 0.332

OABSS 8.6±3.6 8.5±3.8 8.7±3.6 0.729

IUSS 3.4±1.3 3.2±1.5 3.4±1.2 0.452

IPSS-V 5.9±5.5 5.0±5.7 6.4±5.4 0.137

IPSS-S 7.7±3.5 8.4±3.4 7.4±3.5 0.116

TPV (mL) 40.7±18.2 - 40.7±18.2 -

TZI (%) 32.7±13.5 - 32.7±13.5 -

Qmax (mL/sec) 13.3±7.9 16.5±9.9 11.5±5.8 0.007

VV (mL) 171±102 176±106 168±99 0.831

PVR (mL) 46.9±57.6 43.8±54.0 48.6±59.8 0.416

Response 62 (50) 23 (52) 39 (48) 0.660

Dry mouth 24 (19) 9 (20) 15 (19) 0.793

Constipation 4 (3) 1 (2) 3 (4) 1.000

Dizziness 4 (3) 2 (5) 2 (2) 0.613

Values were presented as mean±standard deviation or number (%) unless otherwise indicated.    
OAB, overactive bladder; CRF, chronic renal failure; BPH, benign prostate hyperplasia; 5ARI, 5-alpha reductase inhibitor; PPBC, patient perception 
of bladder condition; OABSS, overactive bladder symptom score; IUSS, indevus urgency severity score; IPSS, International Prostate Symptom Score; 
IPSS-V, IPSS voiding subscore; IPSS-S, IPSS storage subscore; TPV, total prostate volume; TZI, transition zone index; Qmax, maximum flow rate; 
VV, voided volume; PVR, postvoidal residual.    
a)Comparisons of data between women and man by Wilcoxon rank-sum test, chi-square test or Fisher exact test.   
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under the ROC curve being 0.79 (95% CI, 0.70–0.88; sensitivity, 
91.9%; specificity, 60.7%) (Fig. 2).  
 Excluding all 16 patients with parkinsonism or stroke during 
the final analyses, OABSS remained the only independent pre-
dictor for a response to therapy (n=109; Table 2). ROC analysis 
also revealed that an OABSS≥7 was the optimal cutoff value 
for predicting a response to therapy, with the area under the 
ROC curve being 0.80 (95% CI, 0.71–0.89; sensitivity, 90.7%; 
specificity, 63.3%).    

 As compared with PPBC, IUSS, or IPSS storage subscore (IP-
SS-S). OABSS had the highest Spearman’s ρ between the respon-
siveness and the change of clinical data at last visit from baseline 
(Table 3).

DISCUSSION

We demonstrated that the average treatment duration of 3 
months was necessary to determine the responsiveness to anti-

Table 2. Cox proportional-hazards model for predicting responsiveness to antimuscarinic treatment for all patients (n=125) or pa-
tients excluding Parkinsonism and stroke (n=109)      

Variable
Univariate analysis (n=125) Multivariate analysis (n=125) Multivariate analysis (n=109)

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (yr) 0.99 (0.97–1.01) 0.332 - - - -

Male sex 0.84 (0.50–1.40) 0.499 - - - -

OAB-wet 6.09 (1.90–19.4) 0.002 0.31 (0.04–2.45) 0.267 0.25 (0.03–1.99) 0.189

Treatment
Solifenacin
Tolterodine 

 
1.29 (0.61–2.71)
0.78 (0.37–1.64)

 
0.507
0.507

 
-

 
-

 
-

 
-

Diabetes mellitus 1.07 (0.56–2.06) 0.829 - - - -

Hypertension 0.97 (0.54–1.77) 0.931 - - - -

CRF 0.90 (0.28–2.87) 0.855 - - - -

Stroke 0.86 (0.34–2.14) 0.740 - - - -

Parkinsonism 1.10 (0.35–3.53) 0.867 - - - -

BPH in Men (n=81)
Alpha blocker
5ARI

0.83 (0.37–1.90)
0.76 (0.39–1.49)
1.29 (0.57–2.94)

0.663
0.428
0.539

 
 
-

 
 
-

 
 
-

 
 
-

PPBC 1.23 (1.04–1.461) 0.016 0.97 (0.78–1.20) 0.762 0.92 (0.73–1.16) 0.491

OABSS 1.19 (1.11–1.28) <0.001 1.20 (1.05–1.36) 0.006 1.20 (1.05–1.38) 0.007

IUSS 2.44 (1.32–4.52) 0.004 2.63 (0.90–7.69) 0.078 2.89 (0.97–8.61) 0.056

IPSS-V 0.99 (0.94–1.04) 0.631 - - - -

IPSS-S 1.07 (1.00–1.15) 0.053 0.93 (0.85–1.02) 0.134 0.93 (0.84–1.02) 0.143

TPV (mL) 0.996 (0.98–1.02) 0.735 - - - -

TZI (%) 2.93 (0.17–50.76) 0.460 - - - -

Qmax (mL/sec) 1.00 (0.96–1.04) 0.951 - - - -

VV (mL) 1.00 (0.997–1.002) 0.680 - - - -

PVR (mL) 1.00 (0.996–1.004) 0.985 - - - -

Dry mouth 0.94 (0.50–1.77) 0.852 - - - -

Constipation 1.62 (0.51–5. 18) 0.413 - - - -

Dizziness 1.55 (0.48–5.00) 0.461

HR, hazard ratio; CI, confidence interval; OAB, overactive bladder; CRF, chronic renal failure; BPH, benign prostate hyperplasia; 5ARI, 5-alpha re-
ductase inhibitor; PPBC, patient perception of bladder condition; OABSS, overactive bladder symptom score; IUSS, indevus urgency severity score; 
IPSS, International Prostate Symptom Score; IPSS-V, IPSS voiding subscore; IPSS-S, IPSS storage subscore; TPV, total prostate volume; TZI, transi-
tion zone index; Qmax, maximum flow rate; VV, voided volume; PVR, postvoidal residual.     
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muscarinic therapy. To our knowledge, no previous studies 
have determined a minimum duration of treatment for assess-
ing the responsiveness of OAB patients to antimuscarinic ther-
apy. Additionally, there has been no universal definition of a re-
sponse to antimuscarinics. Patients not responding after 3 or 6 
months of antimuscarinic therapy have been labeled as refrac-
tory in some studies [20-22]. However, Brubaker et al. [23] de-
fined refractory as inadequate symptom control after 2 or more 
attempts at pharmacotherapy. Nitti et al. [13] emphasized the 
importance of defining refractory OAB. A specific definition of 
refractory OAB would allow for proper initiation and evalua-
tion of second- and third-line treatments. As is evident from 
Fig. 1, the probability of becoming responsive to therapy after 3 
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Fig. 1. Probability of nonresponsiveness in all patients (A) and both genders (B) with overactive bladder syndrome undergoing anti-
muscarinic therapy over time.
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Fig. 2. Area under the receiver operating characteristic (ROC) 
curve for overactive bladder symptoms score as a predictive test 
for a response to antimuscarinic therapy.

months was limited. Thus, based on our results, refractory OAB 
could be defined as inadequate symptom control (such as im-
provement in OABSS to less than 3) after 3 months of pharma-
cotherapy. Thus, we concluded that antimuscarinic therapy 
must be continued even when a poor response is obtained in 
the first few months of treatment.
 The duration of antimuscarinic therapy for OAB varies 
among different studies [9], and there has been no consensus 
regarding the optimal treatment duration for OAB patients. In 
some randomized clinical studies using solifenacin or toltero-
dine, the treatment intervals were <12 weeks [4-6]. Therefore, 
the efficacy of these medications may have been underestimat-
ed. On the other hand, therapy for more than 12 weeks may be 
longer than necessary for evaluating efficacy [10,11]. In our 
opinion, due to the low probability of becoming responsive to 
therapy after 3 months (Fig. 1), the ideal duration of therapy for 
evaluating efficacy should be 3 months, unless long-term effi-
cacy needs to be determined [10,11]. 
 We also found that higher OABSSs were associated with im-
proved responsiveness to antimuscarinics, which is consistent 
with previous studies [1,24]. The coefficient of OABSS was 
−0.39 (95% CI, −0.61 to −0.18) for the change of OABSS after 
12 weeks of antimuscarinic therapy [1]. High scores on the 
IUSS, a questionnaire similar to OABSS, were also found to be 
associated with a good therapeutic responsiveness [24]. How-
ever, as compared with OABSS, a lower area under the ROC 
curve was observed with IUSS in this study (0.70 vs. 0.79) [24]. 
In addition, OABSS had the highest Spearman ρ between the 
responsiveness and the change of clinical data, as compared 
with PPBC, IUSS, or IPSS-S (Table 3). Thus, OABSS is a better 
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questionnaire than IUSS for predicting a therapeutic response. 
 An OABSS≥7 was found to be the optimal cutoff value for 
predicting responsiveness. Therefore, for patients with baseline 
OABSS≥7, alternative treatment may be considered earlier if 
there is no response to antimuscarinic therapy. On the other 
hand, for patients with a baseline OABSS<7, continuous anti-
muscarinic therapy may be considered even after 3 months of 
treatment, especially for patients with a questionable response. 
As compared with the IUSS cutoff value (4) for predicting re-
sponse [24], the cutoff values (≥7) for OABSS showed a signifi-
cant clinical advantage with a larger area under the ROC curve. 
 Alpha blockers and/or 5-alpha reductase inhibitor can im-
prove storage symptoms in men with benign prostate hyperpla-
sia, and concomitant antimuscarinic therapy may have an addi-
tional effect on the improvement of storage symptoms [25]. 
Despite the presence of benign prostate hyperplasia or con-
comitant alpha blocker/5-alpha reductase inhibitor, there were 
no independent predictors to determine responsiveness to 
therapy in our analysis (Table 2). Our results may exaggerate 
the therapeutic effect of antimuscarinics, especially in men 
treated with alpha blockers and/or 5-alpha reductase inhibitor.
 However, this study has several limitations. Only 76% of our 
patients had at least one follow-up visit. D’Souza et al. [26] also 

reported that only 57.3% of patients obtained a refill of toltero-
dine ER after the initial prescription. In addition, this study was 
not a randomized trial, and thus the differences in the thera-
peutic efficacy of solifenacin and tolterodine may be over- or 
underestimated. 
 To conclude, the median interval for the occurrence of a re-
sponse to antimuscarinic therapy was 3 months, and OABSS 
was the only independent predictor for a positive response to 
antimuscarinic therapy. These findings may serve as an impor-
tant guideline when prescribing antimuscarinic therapy for 
OAB patients.
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