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Multiple randomized controlled trials (RCTs) have examined first-line pharmaco-
logical agents such as anticholinergics and b3 agonists for the management of over-
active bladder symptoms (OAB). Although earlier systematic reviews and
(network) meta-analyses aimed to summarize the evidence, a substantial number
of trials were not included, so a comprehensive and methodologically rigorous
evaluation of the comparative effectiveness of all first-line pharmacological treat-
ments is lacking. We aim to conduct a series of systematic reviews and network
meta-analyses (NMAs) for a comprehensive assessment of the effectiveness and
safety of first-line pharmacological treatments for OAB. Eligible studies will include
RCTs comparing anticholinergics and b3 agonists to one another or to placebo in
adults with OAB or detrusor overactivity. Pairs of reviewers with methodological
training will independently evaluate candidate studies to determine eligibility
and extract relevant data. We will incorporate patient-important outcomes,
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Table 1 – Major guidelines for the manageme

Guideline Level/stren
recommen

By medicat

AUA/SUFU 2024
Non-neurogenic OAB in adults

AC/b3A: Stro

EAU 2024
Non-neurogenic female LUTS

AC: Strong
b3A: Strong

EAU 2024
Non-neurogenic male LUTS

AC: Strong
b3A: Weak

NICE 2019
Urinary Incontinence in women

NR

NICE 2010 c

LUTS in men
NR

AUA = American Urological Association; SUFU = So
Urology; NICE = National Institute for Health and C
b3 agonist; NR = not reported.
a Grade A = very confident that the true effect lie
controlled trials; 2 = evidence obtained from on
quasi-experimental study.

b Guideline established a threshold to assess if th
c The guideline was updated in 2015 but there w

Muscarinic antagonists
Adrenergic b3 receptor agonists

including urinary urgency episodes, urgency incontinence episodes, any type of
incontinence episodes, urinary frequency, nocturia, and adverse events. We will
conduct the NMAs using a frequentist framework and a graph theory model for each
outcome. Analysis will follow rigorous methodologies, including handling of missing
data and assessment of the risk of bias. We will conduct sensitivity and subgroup
analyses and will apply the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) approach to rate evidence certainty. Our approach aims to
address the knowledge gap in the treatment of OAB by synthesizing evidence from
RCTs worldwide. We will employ robust statistical methods, including frequentist
NMA, to general clinically relevant and patient-important insights. Sensitivity and
subgroup analyses will enhance the robustness and generalizability of our findings.
Our reviews strive to inform evidence-based decisions in the management of OAB, to
ultimate improve patient outcomes. Our study results may guide health policy
decisions, such as reimbursement policies, and future studies in functional urology.
The protocol for the review series is registered on PROSPERO as CRD42023266915.
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1. Introduction

Overactive bladder symptoms (OAB) affect hundreds of mil-
lions of people worldwide [1,2] and account for substantial
health care expenditure [3,4]. OAB is often bothersome and
associated with a reduction in quality of life and work pro-
ductivity [5,6]. As the risk of developing OAB increases with
age, OAB prevalence is likely to increase with the ageing of
the population [7,8].

Behavioral and lifestyle interventions have limited long-
term benefits in reducing OAB [9,10]. These interventions
are often used in conjunction with pharmacological ther-
apy, including anticholinergics and b3 agonists. Even
though first-line pharmacological treatments are recog-
nized and recommended in guidelines worldwide, clinicians
do not currently have a clear basis for recommending one
nt of overactive bladder sy

gth of
dation

Certainty
of
evidence a

Ma
of
rep

ion class

ng Grade A No

1a
1a

No
No

2
2

No
No

NR No

NR Yes

ciety of Urodynamics, Female
are Excellence; OAB = overactiv

s close to that of the estimat
e well-designed controlled stu

e actual impact of the medicat
ere no changes to the 2010 rec
medication or dose over another [11–15]. Table 1 presents
the major guidelines addressing OAB treatment.

Multiple randomized controlled trials (RCTs) have stud-
ied the first-line pharmacological treatments for OAB. In
addition, many meta-analyses are available. However, ear-
lier systematic reviews and (network) meta-analyses
included only a proportion of the RCTs completed. This sit-
uation has probably occurred for many reasons, including
restrictions on eligibility criteria and specific patient popu-
lations. We are therefore planning to conduct a comprehen-
sive analysis of all the available trial data to assess the
efficacy and adverse effects of first-line OAB pharmacologi-
cal treatments. Our aim is to encompass a wide range of
RCTs and provide a thorough analysis to establish the
impact of first-line OAB medications on patient-important
benefits and harms in adults with a diagnosis of OAB.
mptoms

gnitude
effect
orted

Level/strength of
recommendation

Certainty
of
evidence

Magnitude
of effect
reported

Threshold for
magnitude of
effect
reported b

By medication type

NR NR No No

NR
NR

NR
NR

Yes
No

No
No

NR
NR

NR
NR

No
No

No
No

NR NR No No

NR NR No No

Pelvic Medicine & Urogenital Reconstruction; EAU = European Association of
e bladder; LUTS = lower urinary tract symptoms; AC = anticholinergic; b3A =

e of the effect; 1a = evidence obtained from meta-analysis of randomized
dy without randomization or from at least one other type of well-designed

ion on the outcomes of interest is patient-important/clinically relevant.
ommendations for the anticholinergics and b3 agonists.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


E U R O P E A N U R O L O G Y O P E N S C I E N C E 6 9 ( 2 0 2 4 ) 8 9 – 9 9 91
2. Design

We adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols (PRISMA-P) guidance
to report this protocol [16]. Our series of articles will estab-
lish the impact of OAB medications on patient-important
benefits and harms in adults with OAB. Given the multiple
pathophysiological reasons for OAB symptoms and their
influence on medication response, we will perform the anal-
ysis for different patient groups, such as the older popula-
tion, OAB associated with lower urinary tract symptoms
suggestive of benign prostatic obstruction, and neurogenic
OAB [17]. The analysis for each patient population will be
presented as a separate publication within the series. The
study protocol has been registered in the International
Prospective Register of Systematic Reviews (PROSPERO
CRD42023266915). No protocol amendments have been
carried out since inception of the protocol. Possible future
amendments will be recorded in the PROSPERO registry.
2.1. Eligibility criteria

We will include RCTs that compared anticholinergics or b3
agonists for OAB to placebo, anticholinergics, b3 agonists,
or combinations of medications including anticholinergics
and b3 agonists. Eligible anticholinergic medications are
oxybutynin, tolterodine, propiverine, trospium, solifenacin,
darifenacin, fesoterodine, emepronium, propantheline, and
imidafenacin (Fig. 1). Eligible b3 agonists are mirabegron,
solabegron, and vibegron (Fig. 1). We will incorporate any
dose and type of formulation (eg, immediate release,
extended release, and transdermal). We will include trials
enrolling adults (>95% of patients at least 18 yr of age) with
a diagnosis of OAB or detrusor overactivity with follow-up
of at least 4 wk. We will include RCTs published since incep-
tion of the search databases. In the event of new medica-
tions being tested in RCTs with results published after the
initial search date and before conclusion of our research
project, we will also incorporate these results.
2.2. Outcomes to assess benefits and harms

Several outcomes have been used in RCTs on OAB medica-
tions. However, many of these outcomes have limited
importance to patients. We will limit our analyses to out-
comes that have been shown to be important to patients
[18,19]. Our outcomes for benefits will be the change from
baseline in the number of episodes per day in:

� Urinary urgency;
� Urinary urgency incontinence;
� Any type of incontinence;
� Average times of voiding per day;
� Nocturia.

We will also assess adverse events. We reviewed the list
of adverse events included in published systematic reviews
and we created a comprehensive list of adverse events
(Table 2 [20,21]).
2.3. Literature search

In collaboration with an experienced information specialist
(Neera Bhatnagar), we developed a comprehensive search
strategy. Our search encompasses three electronic data-
bases: CINAHL, EMBASE, and MEDLINE. The search strategy
comprises keyword searches for the different medication
names and includes keywords that restrict the search to
randomized trials (Supplementary material). We will also
undertake a review of systematic reviews to identify articles
that may have been missed in the initial literature search.
We will also search in abstract books from major urology
and incontinence conferences, including the annual meet-
ings of the American Urological Association (AUA), the
International Incontinence Society, the European Associa-
tion of Urology (EAU), and the International Urogynaecolog-
ical Association. We will search the abstracts for potential
unpublished studies and their data. We will not impose
any language restrictions and will remove the duplicates
before the screening phase.
2.4. Study selection, application of eligibility criteria, and
data extraction processes

We will create and pilot test standardized data forms for
screening of articles and extraction of data before their
use for training of the research team. Training for reviewers
will involve written and video guidance, followed by online
meetings to cover important concepts and address ques-
tions. After training, reviewers will use the forms to assess
the eligibility of study reports and to extract data from eli-
gible articles. To ensure a high level of agreement, reviewers
will carry out pilot screening and data extraction exercises
and receive feedback. Reviewers will repeat the pilot
screening exercises until they achieve a high level of
agreement.

We will conduct screening and data extraction using Dis-
tillerSR [22]. Pairs of reviewers will work independently to
scan all titles, abstracts, and full-text articles (Fig. 2). To
obtain information from publications in languages other
than English, two reviewers proficient in the respective lan-
guage will review and extract the data. Adjudicators (one of
the lead authors and/or a clinician-methodologist) will
resolve any disagreements regarding screening and data
extraction.

Once reviewers have conducted screening by title and
abstract and full text and determined the eligibility of an
article, two trained reviewers will independently extract
data items, including the study setting, type of trial (paral-
lel, crossover, factorial), funding, inclusion and exclusion
criteria, study duration (or follow-up time), number of par-
ticipants enrolled in each of the arms, baseline characteris-
tics of participants, doses, and route of administration. For
our outcomes of interest, we will collect the number of par-
ticipants included in the analysis, the measure of central
tendency and dispersion for each outcome at baseline, the
end of follow-up period, and the change from baseline to
the end of follow-up period. In addition, we will collect
information on the number of patients experiencing any
adverse event or any serious adverse events or withdrawing
from the study because of adverse events. We will extract



Fig. 1 – Timeline of approval of overactive bladder medications by year. Antimuscarinics are shown in blue, and b3 agonists in green. Approval year and
medication information are from the US Food and Drug Administration unless otherwise indicated. An application for solabegron was accepted on September
4, 2018. However, it has not been approved. a Emepronium information from the UK. b Propiverine information from Germany. c Imidafenacin information
from Japan.

E U R O P E A N U R O L O G Y O P E N S C I E N C E 6 9 ( 2 0 2 4 ) 8 9 – 9 992



Table 2 – List of adverse events in alphabetical order by system a

Cardiovascular Integumentary Reproductive
Chest pain Dry skin Breast discomfort
Electrocardiograph
abnormalities

Edema Erectile dysfunction

Hypertension Pruritus Vaginal spotting
Hypotension Muscular Respiratory
Palpitations Fatigue Cough
Tachycardia Nervous Influenza

Digestive Anxiety Nasal congestion
Abdominal distension Back pain Nasopharyngitis
Abdominal pain Blurred vision Respiratory events
Alanine
aminotransferase
increase

Cognition
impairment

Upper respiratory
tract infection

Constipation Confusion White blood cells
urine positive

Diarrhea Depression Urinary
Dyspepsia Dizziness Dysuria
Dry mouth Dry eye Postvoid residual

volume
Flatulence Fall Red blood cell

positivity for urine
Gamma-glutamyl
transferase increase

Headache Urinary tract
infection

Nausea Insomnia Urinary retention
Stomach discomfort Keratoconjunctivitis
Vomiting Lethargy

Endocrine Nasal dryness
Blood triglycerides
increased

Psychotic episodes

Hematopoietic Somnolence
Decrease in white cell
count

Syncope

Hyponatremia Visual impairment
a The classification by anatomic system was generated on the basis of the
hierarchical anatomic classification schema for the prediction of pheno-
typic side effects [20]. In an approach involving iterative discussion and
consensus-building and informed by prior literature [21], we estimated the
minimally important difference for postvoid residual volume (PVR) to be
50 ml in this context. While a PVR of 50 ml may not be patient-important
in everyday practice, we accounted for the possibility that most of the trials
excluded both patients with higher PVR at baseline and patients with high
risk of developing an increase in PVR or urinary retention and did not have
long-term follow-up (to develop an increase in PVR). We therefore
considered a lower MID for PVR than what would typically be used in
routine clinical practice.

E U R O P E A N U R O L O G Y O P E N S C I E N C E 6 9 ( 2 0 2 4 ) 8 9 – 9 9 93
the data items for each publication included after full-text
screening, regardless of whether more than one publication
corresponds to a single RCT or not. This approach ensures
that we collect all relevant data, even if it is mentioned in
one publication and not in another.

2.5. Organization of RCTs

Identification of independent trials can be challenging for
various reasons, such as (1) the absence of registration
numbers in some articles and (2) the variability of registra-
tion systems in RCTs. To ensure that we do not miss any tri-
als and to avoid counting several articles from the same trial
as independent, we will assess all publications included in
the review according to the following process. We will iden-
tify articles containing the primary results from each RCT, as
well as those with supplementary results, such as articles
with partial results and conference abstracts. The identifica-
tion of primary and secondary publications will be based on
several variables, including NCT number (ClinicalTrials.gov
identifier) or any other trial registration ID, year of publica-
tion, authors and their affiliations, the number of partici-
pants enrolled, the treatments compared, the number and
location of study sites, and descriptive variables for each
arm. If required, we will also contact the authors of the orig-
inal publications. For instance, for cases in which only con-
ference abstract(s) are available, we will contact the authors
to request a full summary of the study.

2.6. Risk-of-bias assessment

Pairs of reviewers will independently evaluate the risk of
bias of eligible RCTs using a modified version of the
Cochrane Collaboration risk-of-bias tool developed by the
Clinical Advances Through Research and Information Trans-
lation (CLARITY) Group at McMaster University [23]
(Table 3). Our assessment will specifically focus on deter-
mining the adequacy of blinding and whether the allocation
sequence was adequately generated and concealed in the
RCT (Table 3). We will also examine the frequency of loss
to follow-up and missing data, selective outcome reporting,
and any other potential source of bias on an outcome-speci-
fic basis (Table 3). If two or more domains are classified as
being at high risk of bias, the overall risk of bias will be
rated as high. We will subsequently use the overall risk of
bias for assessment of the evidence certainty.

2.7. Preparation and transformation of outcome measures
for analyses

The data analysis requires information for each of the out-
comes, specifically the mean change as a measure of central
tendency and the standard deviation (SD) as the measure of
dispersion of the change from baseline. For publications
that do not include such estimates, we will use the follow-
ing strategies to prepare the data for analysis.

When the median and range or interquartile range are
available and when it is reasonable to assume a normal dis-
tribution, we will follow the method of Wan et al [24] to
calculate the mean and SD. If the median (m), minimum
(a), maximum (b), and sample size (n) are given, we will cal-
culate the mean and SD as follows:

Mean � aþ 2mþ b
4

SD � b� a

2U�1 n�0:375
nþ0:25

� �

We will estimate the mean and SD with the following for-
mulas when the first (q1) and third (q3) quartiles are also
provided:

Mean � aþ 2q1 þ 2mþ 2q3 þ b
8

SD � b� a

4U�1 n�0:375
nþ0:25

� �� q3 � q1

4U�1 0:75n�0:125
nþ0:25

� �

When q1 and q3 are available but the minimum and maxi-
mum are not available, we will use the following formulas:

Mean � q1 þmþ q3

3

SD � q3 � q1

2U�1 0:75n�0:125
nþ0:25

� �



Fig. 2 – Study flow chart. OAB = overactive bladder symptoms; RCT = randomized controlled trial. a OAB medication includes oxybutynin, tolterodine,
propiverine, trospium, solifenacin, darifenacin, fesoterodine, emepronium, propantheline, imidafenacin, mirabegron, solabegron, and vibegron. b Outcomes
of interest include episodes of urinary urgency, urinary urgency incontinence, any type of incontinence, average times of voiding, nocturia, and adverse
events.

Table 3 – Risk of bias assessment for randomized trials on medications for overactive bladder symptoms

Domain Description

Allocation sequence Process by which participants are assigned to different treatment groups
Examples of risk of bias:
Low: Random number table or computer generator
High: Rules based on dates or record numbers

Allocation concealment Procedures used to prevent individuals from knowing in advance the participants’ treatment group assignation
Examples of risk of bias:
Low: Centralized computerized randomization, or consecutive numbered, opaque, sealed envelopes
High: Unsealed, transparent, or nonconsecutive labeled envelopes

Blinding Technique used to prevent individuals from knowing which treatment group a participant has been assigned to
Examples of risk of bias:
Low: Complete blinding of participants and trial personnel
High: No blinding, or the blinding protocol could have been broken

Loss to follow-up a Inability to collect outcome data from a subset of participants who were initially enrolled in the trial
Examples of risk of bias:
Low: No missing data or proper use of imputation techniques
High: Improper use of imputation techniques or missing outcomes that impact the effect estimate

Selective outcome
reporting

Practice of reporting only a subset of the outcomes measured in a trial
Examples of risk of bias:
Low: The protocol is accessible and all relevant predetermined outcomes have been reported as originally intended
High: Results do not include all the predetermined primary outcomes or include primary outcomes that were not originally
designated for the trial, or primary outcomes were analyzed using tools, methodologies, or data subsets that were not initially
specified

Other sources of risk of
bias a

Presence of any other flaws in the design, development, or analysis that may systematically affect the validity of the trial results
Examples of risk of bias:
Low: Voiding diary completed for �3 d at each time point or adverse events assessed at each time point whether participants
mentioned or not
High: Terminated prematurely for a data-dependent process or demonstrated major disparities in the baseline characteristics

a Assessment by type of outcome (benefits and harms),
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When only the within-group standard error (SE) is available,
we will calculate the SD by multiplying the square root of
the total number of participants (N) by the SE [25]:

SD ¼
ffiffiffiffi
N

p
� SE

If only the within-group confidence interval (CI) is available,
we will calculate the SD in two steps. First, SE will be calcu-
lated by subtracting the lower CI limit from the upper CI
limit, divided by two times the z or t value. We will choose
either the z or t value depending on their availability in
the publication. Second, we will determine the SD by multi-
plying the square root of the total number of participants by
the SE calculated in step 1 [25]:

SE ¼ Upper CI limit � lowerCI limit
2� ðzvalueÞ or SE

¼ Upper CI limit � lower CI limit
2� ðt valueÞ

SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N � SE

p

These two formulas are limited to the availability of the z or t
value. If these values are not available, we will follow the
recommendations of the Cochrane Handbook. In this case,
the SD is derived by dividing the width of the CI by 5.15
(for 99% CI), 3.92 (for 95% CI), or 3.29 (for 90% CI), and then
multiplying the result by the square root of the total number
of participants [26]:

SD ¼
ffiffiffiffi
N

p
� ðupper CI limit � lower CI limitÞ =3:92

When only pre- and post-measures are available, we will
calculate the mean change by subtracting the baseline mean
from the final mean. In this case, we will determine the SD of
the mean change using a correlation coefficient (CC) [27].
We will assume a moderate CC of 0.5:

Mean change ¼ Finalmean � baselinemean

SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BaselineSD2 þ finalSD2 � ð2 � CC � baselineSD � final SDÞ

q

When themean change and pre- and post-measures are avail-
able, we will calculate the missing SD for the mean change
assuming a CC of 0.5 using the following formula [27]:

SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BaselineSD2 þ finalSD2 � ð2 � CC � baselineSD � final SDÞ

q

When there are no pre- and post-measures,measure of disper-
sion, or correlation coefficient reported, we will replace the
missing SD with the median SD from all the RCTs that have
the same outcome and arm [27]. First, we will select the SD
Table 4 – Network meta-analysis concepts for the systematic reviews [2

Concept Components

NMA
assumptions

Transitivity
� If two OAB medications have been compared in separate stu
ications will be made by linking the two studies through th

� The indirect comparisons will be free of bias if the effect mo
Consistency
� Degree of agreement in the treatment estimates across diffe

Network plot The geometry of our network will comprise the following eleme
� Node color: type of OAB medication
� Node size: number of participants randomized to each medi
� Edge thickness: number of studies comparing two medicatio

OAB = overactive bladder
from all the RCTs that have the same outcome and arm. Then,
wewill calculate themedian for those selected SDs. Finally, we
will treat the median SD as if it was observed in the RCTs.
3. Statistical methods

We will use the same statistical methods for all articles in
our series of systematic reviews and meta-analysis articles.
For each outcome, we will conduct random-effects NMA
using a frequentist framework and a graph theory model
[28]. Table 4 shows the main concepts for NMA [29]. We
will perform a separate NMA for each outcome. Each med-
ication will be represented by a separate node. We will
include all doses and administration routes for the same
medication in a single treatment node. When an interven-
tion includes more than one active medication, it will be
included as a separate node. When an intervention includes
one active medication and placebo, it will be included
within the same node for the active medication.

For efficacy outcomes (urinary urgency, urinary urgency
incontinence, any type of incontinence, average times of
voiding, and nocturia), we will report each estimate as a
mean difference and corresponding 95% CI. For safety out-
comes, we will report the absolute risk difference (RD)
and corresponding 95% CI. We will use automated genera-
tion of node-splitting models to assess local incoherence
and to obtain indirect estimates. We will report the direct,
indirect, and network estimates for each comparison for
each outcome. We will present the risk of bias results, forest
plots for all direct comparisons, and a network plot for each
outcome [30]. We will refrain from generating and report-
ing treatment rankings, such as p scores. Instead, we will
use a grouping approach for the medications in categories
from the most to the least effective and from the least to
the most harmful, as described in Section 5 [31]. We will
use the Netmeta package in R v4.0.0 (RStudio, Boston, MA,
USA) to conduct our meta-analyses [32].
3.1. Sensitivity analyses

We will impute data for studies with missing outcome data
[27,33]. We will impute values by replacing them with data
from studies with similar characteristics as described in
Section 2.7. We will conduct a sensitivity NMA by excluding
imputed data to test the impact of imputation on the overall
findings.

We will assess the width of the CI for all the estimates in
each comparison. If we detect that the CI for the network
9]

dies with a common comparator, indirect comparisons between these med-
e common comparator.
difiers of the direct comparisons have a similar distribution.

rent OAB trials.
nts:

cation
ns



Table 5 – MID values for benefit outcomes a

Outcome MID

Daily urinary urgency episodes �1.7
Daily urinary urgency incontinence episodes �1.0
Any type of daily urinary incontinence episodes �1.0
Average times of voiding per day �1.5
Nocturia episodes �1.0

MID = minimally important difference.
a We took MID data for urinary urgency, urinary urgency incontinence,
and urinary frequency (average times of voiding per day) from an
international multicenter study [41]. Using data from the same
international multicenter study and a population-based study [18],
we used a comprehensive discussion and consensus building to
estimate MID values for any type of daily urinary incontinence and
nocturia.
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estimate is notably broader in comparison to the direct-
estimate sparse network for one or more comparisons, we
will infer that the assumption of common between-study
heterogeneity across the network is not viable. Therefore,
we will conduct a sensitivity analysis using frequentist
fixed-effect models. In this case, the sensitivity analysis will
assume the role of the principal analysis [34].

3.2. Subgroup analyses

We will assess the inconsistency of the direct estimates by
looking at the similarity of the point estimates and the over-
lap of the CI. This assessment will be complemented by esti-
mating the variance between studies using the I2 statistic and
the v2 test for heterogeneity. While lower I2 values will raise
only minimal concerns, higher I2 values will increase con-
cerns. In case of substantial inconsistency, we will explore
the possible reasons for inconsistency via subgroup analyses.

We have identified the following potential effect modi-
fiers [35,36]: (1) type of medication: antimuscarinics or b3
agonist (effect expected to be greater with antimus-
carinics); (2) funding: industry-funded or not industry-
funded (effect expected to be greater in industry-funded
studies); and (3) end of follow-up time: short-term or
long-term. We will conduct subgroup analyses for these
effect modifiers. We will use the ICEMAN tool to determine
the credibility of these analyses [37]. If these subgroups
analyses do not reveal an explanation for substantial incon-
sistency, we will rate down for inconsistency when rating
the certainty of the evidence. Moreover, we considered
age as a potential effect modifier and conducted a survey
among urologists who frequently treat patients with OAB
symptoms (Supplementary material). However, owing to
the variability in the results and the lack of consensus, we
decided not to incorporate age as a potential effect modifier.

3.3. Secondary analysis

We will conduct a secondary analysis to determine whether
different administration routes and doses yield varying
effects. In this secondary analysis, each dose and adminis-
tration route will be represented by a separate node in the
network. We will include doses used in clinical practice
around the globe. To gain insights into the doses used in
clinical practice, we will examine clinical practice guideli-
nes from major urological associations (including the
AUA/Society of Urodynamics, Female Pelvic Medicine &
Urogenital Reconstruction, EAU, and National Institute for
Health and Care Excellence) and official documentation
from drug regulators. We will also seek input from urolo-
gists across all continents identified via a convenience sam-
ple by surveying them regarding their clinical practices
(covering all the doses identified in the RCTs).

4. Certainty-of-evidence assessment

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) Working Group provides
guidelines and tools for assessing the certainty of the evi-
dence (also known as quality of evidence) [30,34,38]. We
will use the GRADE approach for rating the overall certainty
of the evidence at the outcome level for each of the compar-
isons and each of the estimates (direct, indirect, and net-
work) [30]. As an initial step, we will assess the risk of
bias, publication bias, inconsistency, and indirectness for
all direct estimates.

We will establish the certainty of the indirect evidence
for each comparison on the basis of the most dominant
first-order loop and intransitivity. The most dominant
first-order loop is defined as the loop with ‘‘only one com-
mon comparator between the two medications being com-
pared’’ and contributes the most to the indirect estimate
[30]. Ratings for the certainty of indirect evidence will be
the lowest of the certainty ratings for the direct compar-
isons with the most dominant first-order loop [30].

We will use the direct and indirect estimates to calculate
the network estimates according to the GRADE guidance
and using automated sheets [30]. If the direct estimate
has a high certainty rating and contributes the most to the
network estimate, we will not rate the indirect estimates
[39]. First, we will choose the rating of evidence that con-
tributes the most to the network estimate [30]. Second,
we will assess for incoherence as explained in Section 3.2.
Third, we will analyze imprecision on the basis of upper
and lower CI limits for the network estimates [40]. Using
a minimally contextualized approach, we have selected a
minimally important difference (MID) value for each benefit
outcome as our threshold (Table 5) [41]. If the CI crosses any
of the selected thresholds, we will rate down for impreci-
sion [40]. If the CI does not cross the selected thresholds,
we will evaluate the effect size and the optimal information
size (OIS) according to the GRADE guidance [40]. If the
effect size is modest or the OIS is met, we will not rate down
for imprecision. Then we will establish the final certainty of
the evidence for each comparison using the automated tool
from the GRADE Working Group [30].
5. Interpretation of results

Once we complete assessment of the certainty of the evi-
dence for each comparison, we will draw our conclusions
according to the minimally contextualized approach [31].
As the initial step, we will select the most connected node
within the network as the reference intervention [31]. In
case two or more nodes are highly connected, we will select
the medication with higher certainty as the reference inter-
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vention. We hypothesize that the most connected interven-
tion in our network will be placebo. We will use the same
thresholds established for judging imprecision as our deci-
sion thresholds.

We will develop the first classification based on a com-
parison with the reference intervention [31]. If the 95% CI
crosses the decision threshold, we will place the interven-
tion in the same group of the reference intervention. Con-
versely, if the 95% CI does not cross the decision
threshold, we will classify the intervention as more or less
effective/harmful than the reference intervention. We
expect to organize all the medications included in our
NMA in the following categories: medications less effective
than the reference intervention; medications similar to the
reference intervention; and medications more effective
than the reference intervention. For safety outcomes, we
will classify the medications as follows: medications more
harmful than the reference intervention; medications less
harmful than the reference intervention; and medications
similar to the reference intervention.

Wewill develop a second classification based on compar-
isons of the pairs of medications within each of the cate-
gories established during the first classification [31]. We
will again use the same decision threshold described above.
If a medication is more effective than another medication
within the same category, themore effectivemedicationwill
be moved to a higher category. We will apply the same pro-
cedure to distinguish between medications within each cat-
egory until we are not able to establish further groupings.
We will subsequently use the level of certainty of the evi-
dence for each medication in comparison to the reference
intervention to divide the intervention into two groups:
(1) high or moderate certainty; and (2) low or very low cer-
tainty [31]. As the final step, we will review the pairwise
comparisons not previously evaluated, checking for consis-
tency with the rest of the comparisons [31]. We will present
the final interpretation of the results as a summary table.

6. Summary

Despite numerous RCTs and systematic reviews investigat-
ing OAB medications, there is a lack of comprehensive anal-
yses that could inform evidence-based recommendations
for OAB treatment. As prior systematic reviews on this topic
have not included all the RCTs available for OAB treatments,
our aim is to fill this gap by conducting comprehensive sys-
tematic reviews and NMAs encompassing all published
RCTs worldwide.

Our study methods adhere to rigorous standards, includ-
ing PRISMA-P and GRADE guidance. The comprehensive lit-
erature search spanning multiple electronic databases,
conference abstracts, information from content experts,
and published systematic reviews is a strength of our study
that is aimed at minimizing publication bias. The meticu-
lous study selection and data extraction processes, includ-
ing the use of standardized forms and pilot testing, should
enhance the reliability of our results. We carefully defined
our eligibility criteria to encompass the various medica-
tions, doses, and formulations used most frequently in
OAB management. The inclusion of both anticholinergic
and b3 agonist medications, along with consideration of dif-
ferent patient populations, enhances the applicability of our
findings. In addition, the outcomes selected focus on those
directly relevant and important to patients.

Our statistical methods provide a robust framework for
synthesizing evidence. On the basis of previous studies
and simulations, frequentist and Bayesian frameworks and
their models for NMAs show little to no significant differ-
ence in their performance, with overlapping results in most
circumstances [28]. Therefore, we have selected a frequen-
tist approach. Similarly, we will not report treatment rank-
ings because these rankings have several limitations [42].
Specifically, they fail to include the magnitude of differ-
ences between the interventions in their calculation, pre-
sent challenges when the NMA includes multiple relevant
outcomes, and, most importantly, do not consider the evi-
dence certainty [42]. Instead, we will interpret our results
using the minimally contextualized approach. This
approach offers a comprehensive evaluation of the results
and their certainty, while making the results easier to
understand and implement.

We have considered sensitivity analyses to assess the
impact of missing data and secondary analyses to assess
the influence of follow-up time and administration routes
and doses on our results. To the best of our knowledge, this
is one of the first, if not the first, systematic review of OAB
to conduct these types of analyses. Our methods also
include strategies to deal with missing data. Many previous
systematic reviews have only analyzed the data that were
available, without addressing missing data. We will need
to use substitute values from the same outcome and arm
when no measure of dispersion is available. While widely
used, this strategy neglects to account for the uncertainty
for both imputed values and results [27]. By conducting
data imputation and sensitivity analyses for missing data,
we aim to evaluate how the patient-important outcomes
might change. The inclusion of subgroup analyses by med-
ication type and funding source adds further depth to our
findings.

There will be limitations to our reviews. These limita-
tions are likely to reflect the weaknesses of the eligible
studies. First, many RCTs have relatively short follow-up
periods, which may not capture long-term efficacy or safety
concerns associated with OAB medications. Chronic condi-
tions such as OAB may require longer observation periods
to assess the sustainability of treatment effects and to mon-
itor for potential adverse events that could emerge over
time. Second, although we have created a very comprehen-
sive list of adverse events, RCTs may not fully capture the
spectrum of potential harms of the treatment in real-world
settings. Third, certain populations, such as patients with
cognitive impairment, those with complex medical histo-
ries, and individuals of ethnic minority status, may be
under-represented in the RCTs. This can limit the applicabil-
ity of trial results to these groups, who may have unique
treatment considerations or responses.

In conclusion, the aim of our series of systematic reviews
and NMAs is to contribute valuable insights into the effec-
tiveness and safety of first-line OAB medications. Our com-
prehensive assessment will support evidence-based choices
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in addressing OAB that could lead to enhanced outcomes
and better quality of life for patients. Our research findings
have the potential to influence health care policies,
advances in clinical epidemiology methods, and forthcom-
ing studies in functional urology.
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