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better tolerated than solifenacin in the safety, indicated 
by constipation (OR 0.21, 95 % CI 0.08–0.53, p = 0.001) 
and any adverse events (OR 0.33, 95 % CI 0.15–0.71, 
p = 0.004).
Conclusions This meta-analysis indicates that imidafena-
cin was similar to propiverine or solifenacin in its efficacy 
for OAB and was better tolerated than propiverine or solif-
enacin in the safety for OAB. We conclude that imidafena-
cin is preferable to propiverine or solifenacin from a per-
spective of safety.
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Introduction

Overactive bladder (OAB) is a highly prevalent, chronic, 
and debilitating condition, which, although not life-threat-
ening, has a profound impact on the health-related quality 
of life of patients [1–4]. OAB syndrome is defined by the 
International Continence Society (ICS) as urgency, with 
or without urgency incontinence, usually with frequency 
and nocturia, in the absence of infection or other obvious 
pathology [5]. It is caused by spontaneous, involuntary 
contractions of the bladder wall during urinary filling that 
can be associated with reduced bladder wall compliance 
and elevated filling pressures [6]. Antimuscarinic agents 
are the current pharmacological mainstay for OAB [7, 8]. 
However, many patients discontinue their use due to inad-
equate efficacy and/or intolerable side effects [9–11].

Imidafenacin, as a novel anti-muscarinic agent to 
treat OAB, has high affinities for the M3 and M1 mus-
carinic receptor subtypes, a low affinity for M2 receptors, 
and a potent inhibitory activity against rhythmic bladder 

Abstract 
Purpose We carried out a systematic review and meta-
analysis to assess the efficacy and safety of imidafenacin 
for treating overactive bladder in adult.
Methods A literature review was performed to identify 
all published randomized placebo-controlled trials of imi-
dafenacin for the treatment of OAB. The search included 
the following databases: MEDLINE, EMBASE. The refer-
ence lists of retrieved studies were also investigated.
Results Five publications involving a total of 1,428 
patients were used in the analysis, which compared imi-
dafenacin with propiverine and solifenacin. We found 
that imidafenacin was effective in treating OAB in our 
meta-analysis, which was similar to propiverine in its effi-
cacy. The mean number of UI per week (the standardized 
mean difference (SMD) = 1.23, 95 % CI −0.19 to 2.65, 
p = 0.09), the mean number of urgency episodes per day 
(SMD = 0.26, 95 % CI −0.11 to 0.63, p = 0.17), the 
mean number of micturitions per day (SMD = 0.01, 95 % 
CI −0.30 to 0.31, p = 0.96), and the mean urine volume 
(ml) per micturition (SMD = −13.04, 95 % CI −20.45 to 
−5.62, p = 0.0006) indicated that imidafenacin was similar 
to propiverine in its efficacy. Mean OABSS (SMD = 0.48, 
95 % CI −0.08 to 1.03, p = 0.09) indicated that imidafena-
cin was also similar to solifenacin in its efficacy. Besides, 
imidafenacin was better tolerated than propiverine in the 
safety, indicated by dry mouth (OR 0.73, 95 % CI 0.54–
0.98, p = 0.04) and any adverse events (OR 0.63, 95 % CI 
0.46–0.88, p = 0.006). Moreover, imidafenacin was also 
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contractions in rats [12, 13]. Imidafenacin also inhibits the 
contractions of isolated human detrusor smooth muscles 
by blocking both postjunctional M3 receptors and prejunc-
tional M1 receptors [14]. In addition, imidafenacin displays 
organ selectivity for the bladder over salivary gland tissues 
[13]. In OAB, imidafenacin has been shown to significantly 
decrease urgency, urgency urinary incontinence, and noc-
turia episodes at doses of 0.1 mg twice daily compared 
with placebo in several randomized placebo-controlled tri-
als. Besides, the novel antimuscarinic agent imidafenacin at 
a dose of 0.1 mg twice daily was not inferior to propiverine 
and solifenacin for the reduction of incontinence episodes, 
and well tolerated for the treatment of OAB symptoms, 
which has also been shown in several randomized placebo-
controlled trials.

Because of imidafenacin was more effective than pla-
cebo in many trials [15, 16], but the efficacy and safety 
compared with other antimuscarinic agents were unknown. 
The goal of the present study was to perform a meta-anal-
ysis to evaluate the safety and efficacy of imidafenacin 
compared with propiverine or solifenacin in treating OAB, 
which may resolve some of the current controversies over 
use of the drug.

Materials and methods

Inclusion criteria

Randomized controlled trials that met the following criteria 
were included: (1) a study design that included treatment 
with imidafenacin; (2) the study provided accurate efficacy 
and safety data that could be analyzed, including the total 
number of subjects and the values of each index, and (3) 
the full text of the study could be accessed. If these inclu-
sion criteria were not met, then the study was excluded 
from the analysis.

Search strategy

MEDLINE (from 1966 to November 2014), EMBASE 
(from 1974 to November 2014), and the reference lists 
of retrieved studies were searched to identify RCTs that 
referred to the effects of imidafenacin treatment. The fol-
lowing search terms were used: imidafenacin, OAB, and 
randomized controlled trials.

Trial selection

When the same study was published in various journals 
or in different years, the most frequently cited one was 
used for the meta-analysis. If the same group of research-
ers studied a group of subjects with multiple experiments, 

then each study was included. Together, we discussed each 
of the RCTs that were included and excluded studies that 
either failed to meet the inclusion criteria or could not be 
agreed upon by the authors. A flow diagram of the study 
selection process is presented in Fig. 1.

Quality assessment

The methodological quality of each study was assessed 
according to how patients were allocated to the arms 
of the study, the concealment of allocation procedures, 
blinding, and the data loss due to attrition. The studies 
were then classified qualitatively according to the guide-
lines published in the Cochrane Handbook for Systematic 
Reviews of Interventions 5.1.0 [17]. Based on the quality-
assessment criteria, each study was rated and assigned to 
one of the three following quality categories: A: if all qual-
ity criteria were adequately met, the study was deemed to 
have a low risk of bias; B: if one or more of the quality 
criteria were only partially met or were unclear, the study 
was deemed to have a moderate risk of bias; or C: if one or 
more of the criteria were not met, or not included, the study 
was deemed to have a high risk of bias. Sensitivity analyses 
were then performed on the basis of whether these quality 
factors were adequate, inadequate, or unclear. Differences 
were resolved by discussion among the authors.

Data extraction

The following information was collected: (1) the name 
of the first author and the publication year; (2) the study 
design and sample size; (3) the therapy that the patients 
received; (4) the source of the patients; (5) data including 

Fig. 1  Flow diagram of the study selection
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urgency incontinence episodes per week, urgency episodes 
per day, the mean number of micturitions per day, urine 
volume (ml) per micturition, OABSS, adverse events.

Statistical analysis

The meta-analysis of comparable data was carried out 
using Review Manager 5.1.0 [17]. Due to the large number 
of plots, we combined the 6 forest plots into 1 plot using 
Adobe Photoshop CS.

Results

Characteristics of individual studies

The database search and reference lists of retrieved studies 
found 142 potential articles to be used in our meta-analysis. 
Based on the inclusion and exclusion criteria, 117 articles 
were excluded after reading the titles and abstracts of the 
articles. Sixteen articles were not randomized controlled 
trials. Four articles lacked useful data. In all, five articles 
[15, 16, 18–20] with 10 RCTs that compared imidafena-
cin with propiverine and solifenacin were included in the 
analysis (Fig. 1). The baseline characteristics of the studies 
included in our meta-analysis are listed in Table 1.

Quality of individual studies

All ten RCTs were double blinded, and all described the 
randomization processes that they had used. All included 
a power calculation to determine the optimal sample size 
(Table 2). The level of quality of each identified study 
was A–B (Table 2). The funnel plot provided a qualitative 

estimation of publication bias of the studies, and no evi-
dence of bias was found (Fig. 2).

Efficacy

Urgency incontinence episodes per week

There were four RCTs, representing 1,016 participants 
(519 in the imidafenacin group and 497 in the propiverine 
group) (Fig. 3). According to our analysis, no heterogene-
ity was found among the trials, and a fixed-effects model 
was thus chosen for the analysis. Based on our analysis, the 
pooled estimate of standardized mean difference (SMD) 
was 1.23, and the 95 % CI was –0.19 to 2.65 (p = 0.09). 
This result suggests that imidafenacin showed no signifi-
cant reductions in the mean number of UI per week com-
pared with propiverine.

Urgency episodes per day

There were four RCTs, representing 1,016 participants 
(519 in the imidafenacin group and 497 in the propiverine 
group) (Fig. 3). According to our analysis, no heterogene-
ity was found among the trials, and a fixed-effects model 
was thus chosen for the analysis. Based on our analysis, the 
pooled estimate of SMD was 0.26, and the 95 % CI was 
−0.11 to 0.63 (p = 0.17). This result suggests that imi-
dafenacin showed no significant reductions in the mean 
number of urgency per day compared with propiverine.

The mean number of micturitions per day

There were four RCTs, representing 1,016 participants 
(519 in the imidafenacin group and 497 in the propiverine 

Table 1  Study and patient characteristics

OAB overactive bladder, UI urgency incontinence

References Therapy in  
experimental 
group

Therapy in 
control group

Country Sample size Duration of 
treatment

Inclusion population

Experimental Control

Homma [28] Imidafenacin Placebo Japan 260 95 2 weeks ≥20 years, micturition (≥8 voids/day), 
urgency (≥1 episode/day), UI (≥5 
episodes/week)

Homma [28] Imidafenacin Propiverine Japan 318 305 2 weeks ≥20 years, micturition (≥8 voids/day), 
urgency (≥1 episode/day), UI (≥5 
episodes/week)

Park [20] Imidafenacin Propiverine Korea 67 64 2 weeks ≥19 years, micturition (≥8 voids/day), 
urgency (≥1 episode/day), UI (≥5 
episodes/week)

Yokoyama [19] Imidafenacin Solifenacin Japan 55 54 No mention ≥20 years, urgency (≥1 episode/day)

Zaitsu [18] Imidafenacin Solifenacin Japan 17 18 4 weeks ≥20 years and <80 years, OABSS ≥3 
points, urgency (≥2 episode/day), 
untreated OAB
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group) (Fig. 3). Based on our analysis, the pooled estimate 
of SMD was 0.01, and the 95 % CI was −0.30 to 0.31 
(p = 0.96). This result suggests that imidafenacin showed 
no significant reductions in the mean number of micturi-
tions per day compared with propiverine.

Urine volume (ml) per micturition

There were four RCTs, representing 1,016 participants (519 
in the imidafenacin group and 497 in the propiverine group) 
(Fig. 4). According to our analysis, no heterogeneity was 
found among the trials, and a fixed-effects model was thus 
chosen for the analysis. Based on our analysis, the pooled 
estimate of SMD was −13.04, and the 95 % CI was −20.45 
to −5.62 (p = 0.0006). This result suggests that imidafena-
cin showed statistically significant increases in the mean 
urine volume per micturition compared with propiverine.

OABSS

There were six RCTs, representing 412 participants (204 in 
the imidafenacin group and 208 in the solifenacin group) 
(Fig. 5). According to our analysis, no heterogeneity was 

found among the trials, and a fixed-effects model was thus 
chosen for the analysis. Based on our analysis, the pooled 
estimate of SMD was 0.48, and the 95 % CI was −0.08 
to 1.03 (p = 0.09). This result suggests that imidafenacin 
showed no significant reductions in the mean OABSS com-
pared with solifenacin.

Safety

Dry mouth and any adverse events

Two RCTs, representing 787 participants (402 in the 
imidafenacin group and 385 in the propiverine group), 
included the dry mouth data (Fig. 6). According to our 
analysis, no heterogeneity was found among the trials, 
and a fixed-effects model was thus chosen for the analy-
sis. Based on our analysis, the pooled estimate of odds ratio 
(OR) was 0.73, and the 95 % CI was 0.54–0.98 (p = 0.04). 
And two RCTs, representing 787 participants (402 in the 
imidafenacin group and 385 in the propiverine group), 
included the any adverse events data (Fig. 6). According to 
our analysis, no heterogeneity was found among the trials, 
and a fixed-effects model was thus chosen for the analysis. 
Based on our analysis, the pooled estimate of OR was 0.63, 
and the 95 % CI was 0.46–0.88 (p = 0.006). This result 
suggests that imidafenacin showed statistically significant 
reductions in the incidence of dry mouth and any adverse 
events compared with propiverine.

Constipation and any adverse events

Two RCTs, representing 145 participants (73 in the imi-
dafenacin group and 72 in the solifenacin group), included 
the constipation data (Fig. 7). According to our analysis, no 
heterogeneity was found among the trials, and a fixed-effects 
model was thus chosen for the analysis. Based on our analy-
sis, the pooled estimate of OR was 0.21, and the 95 % CI 
was 0.08–0.53 (p = 0.001). And two RCTs, representing 
145 participants (73 in the imidafenacin group and 72 in 
the solifenacin group), included the any adverse events data 

Table 2  Quality assessment of individual study

A, all quality criteria met (adequate): low risk of bias; B, one or more of the quality criteria only partly met (unclear): moderate risk of bias; C, 
one or more criteria not met (inadequate or not used): high risk of bias

References Allocation sequence 
generation

Allocation 
concealment

Blinding Loss to 
follow-up

Calculation  
of sample size

Statistical  
analysis

Intention-to-
treat analysis

Level  
of quality

Homma [28] A B A 45 Yes The paired t test Yes B

Homma [28] A A A 70 Yes The paired t test Yes A

Park [20] A A A 22 Yes The paired t test Yes A

Yokoyama [19] A A A 0 Yes The paired t test Yes A

Zaitsu [18] A A B 6 Yes` The paired t test Yes B

Fig. 2  Funnel plot of the studies represented in our meta-analysis
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Fig. 3  The incidence of urgency incontinence episodes per week, urgency episodes per day and the mean number of micturitions per day in imi-
dafenacin versus propiverine

Fig. 4  Urine volume (ml) per micturition in imidafenacin versus propiverine

Fig. 5  OABSS in imidafenacin versus solifenacin
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(Fig. 7). According to our analysis, no heterogeneity was 
found among the trials, and a fixed-effects model was thus 
chosen for the analysis. Based on our analysis, the pooled 
estimate of OR was 0.33, and the 95 % CI was 0.15–0.71 
(p = 0.004). This result suggests that imidafenacin showed 
statistically significant reductions in the incidence of consti-
pation and any adverse events compared with solifenacin.

Discussion

OAB is highly prevalent and has a profoundly negative 
impact on ordinary quality of life. The major treatment 

for OAB is anticholinergics, including darifenacin, 
fesoterodine, oxybutynin, propiverine, solifenacin, and 
tolterodine. But their effectiveness has been limited by 
poor compliance due to side effects. Dry mouth is the 
most common and problematic side effect, and often 
leads to discontinuation of treatment [11]. Imidafenacin, 
as a novel antimuscarinic agent, is used to treat OAB and 
has high affinity for the M3 and M1 muscarinic receptor 
subtypes and low affinity for the M2 subtype [12, 13]. 
In addition, it shows organ selectivity for the bladder 
over the salivary glands [14]. Thus, it is highly likely that 
imidafenacin is safe, efficacious, and tolerable to control 
symptoms of OAB.

Fig. 6  The incidence of dry mouth and any adverse events in imidafenacin versus propiverine

Fig. 7  The incidence of constipation and any adverse events in imidafenacin versus solifenacin
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Our study reveals that imidafenacin was similar to 
propiverine for the reduction of UI episodes, urgency epi-
sodes, the mean number of micturitions, and was more 
effective than propiverine for the increase of urine volume 
(ml) per micturition. Our study also reveals that imidafena-
cin was similar to solifenacin for the reduction of OABSS. 
The results demonstrate that treatment with imidafenacin 
provides both statistically significant and, more impor-
tantly, clinically relevant improvements in the OAB symp-
toms. Furthermore, different trials assessing the effects of 
imidafenacin on nocturia and sleep quality showed that 
imidafenacin ameliorates sleep quality and duration in 
patients with OAB and nocturia [21–26]. We conclude that 
imidafenacin was effective in improving nocturia and sleep 
disorder in patients with OAB and in decreasing nocturnal 
urine volume and nocturnal polyuria index in patients with 
nocturnal polyuria [26], while solifenacin does not. And 
further more studies are needed to identify the efficacy of 
imidafenacin compared with other antimuscarinic agents 
on nocturia and sleep disorder.

The most common adverse reactions of anticholiner-
gics are dry mouth and constipation. According to the 
study, dry mouth was reported in 29.95 and 35.14 % of 
imidafenacin and propiverine group, significantly lower in 
the imidafenacin group (p = 0.04). Our study reveals that 
the incidence of dry mouth induced by imidafenacin was 
significantly lower than propiverine. And the incidence 
of moderate-to-severe dry mouth is significantly lower in 
patients taking imidafenacin (5.0 %) than in those receiv-
ing propiverine (9.2 %, p = 0.043) [15, 16]. Moreover, the 
episodes of dry mouth in patients treated with imidafena-
cin were milder than those observed in patients treated with 
solifenacin (p = 0.009), and the duration of dry mouth with 
imidafenacin was shorter than that with solifenacin (imi-
dafenacin 2.16 ± 5.0 h, solifenacin 3.44 ± 5.9 h, 1 month 
after; p = 0.042) [18, 19]. We conclude that imidafenacin 
is related to the shortest duration of dry mouth symptoms 
compared with other AMs [18, 19, 27]. Besides, constipa-
tion was reported in 11 and 42.1 % of imidafenacin and 
solifenacin group, significantly lower in the imidafenacin 
group (p = 0.001). Moreover, the incidence of total adverse 
events induced by imidafenacin was significantly lower 
than propiverine (p = 0.006) or solifenacin (p = 0.004). 
The possible mechanisms of less dry mouth and constipa-
tion in our study are attributable to a higher selectivity of 
imidafenacin for the bladder over other organs. In addition, 
imidafenacin has higher affinities for M3 and M1 receptors 
and higher selectivity for the urinary bladder than for the 
salivary gland.

As the dose of imidafenacin was 0.1 mg twice daily, so 
we can conclude that imidafenacin 0.1 mg twice daily is an 
effective and well-tolerated treatment for OAB symptoms. 
Besides, efficacy and safety data were concluded from 4, 

8, 12 and 28 weeks, and the data on longer-term safety 
and efficacy of imidafenacin cannot be extrapolated from 
the included RCTs. Homma et al. [28] conducted a RCT 
and reported that the rate of continuation of imidafenacin, 
evaluated in a long-term administration study at 52 weeks, 
was significantly high (78.7 %). Therefore, imidafenacin is 
expected to be useful for the long-term treatment of chronic 
OAB symptoms.

This meta-analysis includes studies which are all find-
ings from randomized double-blind, placebo-controlled 
trials. According to the quality-assessment scale that 
we developed, the quality of the individual studies in the 
meta-analysis was conforming. The results of this analy-
sis acquire great importance from scientific standpoint but 
also in the everyday clinical practice. However, the number 
of included studies was not many. The longer-term safety, 
efficacy, and persistence of imidafenacin cannot be extrap-
olated from this article. In addition, unpublished studies’ 
data were not included in the analysis. These factors may 
have resulted in a bias. More high-quality trials with larger 
samples are proposed to learn more about the efficacy and 
safety of the therapy on OAB.

Conclusion

This meta-analysis indicates that imidafenacin was similar 
to propiverine or solifenacin in its efficacy for OAB and 
was better tolerated than propiverine or solifenacin in the 
safety for OAB. We conclude that imidafenacin is prefer-
able to propiverine or solifenacin from a perspective of 
safety.

Conflict of interest The authors had no conflict of interest to 
declare in relation to this article.
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