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Abstract
Background: The prevalence and incidence of neurogenic
overactive bladder (nOAB) are poorly defined. This systematic literature review identified nOAB epidemiological data
and estimated the incidence and prevalence of urinary incontinence (UI) and detrusor overactivity (DO) in patients
with multiple sclerosis (MS), spinal cord injury (SCI), Parkinson’s disease (PD), stroke and spina bifida. An initial search
of MEDLINE, Embase, PubMed, and the Cochrane library was
supplemented by an internet search for grey literature and
manual searching of the bibliographies of retrieved articles.
Additional study selection identified comparable studies for
statistical analysis. A descriptive statistical analysis, singlearm meta-analysis and stratified analysis were conducted using predefined criteria. Summary: Initial selection identified
189 articles containing prevalence data. Secondary selection
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for statistical analysis identified 39 and 52 articles with prevalence of UI and DO, respectively. Random-effect meta-analysis found the prevalence of UI was 50.9% in patients with
MS, 52.3% with SCI, 33.1% with PD and 23.6% with stroke.
Spina bifida was excluded due to insufficient data. The prevalence of DO may be biased and artificially elevated because
it can only be measured with urodynamic investigations. Key
Messages: A substantial proportion of patients with neurological conditions develop UI that may be attributable to
nOAB.
© 2013 S. Karger AG, Basel

Introduction

Overactive bladder syndrome (OAB), also known as
urge syndrome or urgency-frequency syndrome, is characterized by urgency (with or without urgency urinary
incontinence, UI), frequency and nocturia [1]. Patients
who suffer from symptoms of OAB, where the cause is
neurogenic, are often referred to as having neurogenic
OAB (nOAB). The symptoms of OAB usually stem from
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Methods
Search Strategy
The PICOS (population, interventions, comparisons, outcomes
and study designs) Systematic Reviews [13] elements were as follows: population, patients with nOAB or with conditions considered
to be alternate terms for nOAB (online suppl. table A; for all online
suppl. material, see www.karger.com/doi/10.1159/000353274; alternative terms were considered because of the wide variation in terminology used for neurogenic bladder disorders), UI and/or DO
associated with either MS, SCI, PD, stroke or spina bifida, and outcomes of prevalence or incidence data. The search was divorced
from interventions, comparisons and study design. Relevant papers
were identified through electronic searches of MEDLINE, Embase,
PubMed and the Cochrane library. The searches were performed on
June 25, 2010 and were not limited initially by date or language. In
addition, an internet search was undertaken for grey literature, and
relevant articles were searched manually for further references.

Epidemiology of nOAB

Selection Criteria
Citations/abstracts of identified studies were reviewed and assessed for relevance. Full paper copies of studies considered to be
relevant were reassessed for inclusion against predefined criteria.
This systematic literature review was intended to be exhaustive;
therefore, various types of studies were initially included (e.g. studies assessing prognostic factors or quality of life) in addition to
population-based epidemiological studies. This study selection
based on the predefined criteria has been termed ‘study selection
1’ and the criteria for selection are listed in table 1.
An initial review of the data from the citations identified in
study selection 1 yielded a wide range of point estimates within the
data because of the significant heterogeneity of the patient populations across the studies. To produce a more accurate estimate of
the prevalence of UI and DO, a second study selection was performed (termed ‘study selection 2’) in order to identify the most
comparable studies for statistical analysis. Inclusion/exclusion criteria used for study selection 2 are also listed in table 1.
Two independent researchers performed all stages of study selection. Any disagreements between reviewers were resolved by
discussion until consensus was reached.
Data Collection and Analysis
Two researchers extracted incidence and prevalence data from
included articles after study selection 1 into a data extraction table
according to a predefined set of parameters. Incidence was defined
as the number of new cases of nOAB or equivalent indication within each of the patient populations, with the neurological conditions of interest occurring during a specific time. Prevalence was
defined as the total number of cases of nOAB or equivalent indication within the general patient population with each neurological
condition of interest at a certain time.
Following study selection 2, a descriptive statistical analysis was
conducted, followed by single-arm meta-analysis and stratified
analysis using predefined criteria. The outcomes of interest in this
analysis were the rates of UI and DO in patients with each of the
conditions of interest (MS, SCI, PD and stroke). Results for spina
bifida were not included in the statistical analysis because insufficient data were found. All analyses were performed in Stata SE version 8.2. (Stata Corp LP, College Station, Tex., USA).
UI and DO Meta-Analyses
The rates of DO and UI and their precisions in each study were
calculated. These were then combined to produce a pooled estimate of the rate of DO and UI in patients with each neurological
disease of interest. Pooling was done using both fixed-effect and
random-effect models. The fixed-effect model was run using the
inverse variance method, and the random-effect model was run
using the DerSimonian and Laird methods [14]; the estimate of
heterogeneity was taken from the inverse variance model. Heterogeneity was assessed using Cochran’s Q test and the I2 statistics [15,
16].
For each outcome, additional random-effect models were run
within prespecified subgroups of interest, which included year of
publication, geographical location, sample size, urinary symptoms
assessment method, use of urinary symptoms as criteria for study
inclusion, and study type as stratification factors (online suppl.
table B).
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overactivity of the detrusor muscle of the bladder (detrusor overactivity, DO) but may also be caused by other
forms of urethrovesical dysfunction [1]. Where the cause
of DO is neurogenic, the condition is known as neurogenic DO (nDO) [1, 2]. nOAB is most commonly seen in
patients with multiple sclerosis (MS), spinal cord injury
(SCI), Parkinson’s disease (PD), cerebrovascular accident/stroke and spina bifida [3–7]. In the majority of cases in the literature, UI among patients with underlying
neurological conditions was found to be associated with
nOAB and attributable to DO [8, 9].
The clinical presentation, symptoms and course of
nOAB vary depending on the nature of the underlying
neurological condition. The diagnosis is made based on the
history, examination and urodynamic assessment [10].
A range of terms are used in published literature to
describe bladder dysfunction caused by neurological disorders. The most common term used is ‘neurogenic bladder,’ which describes bladder dysfunction due to neurological dysfunction which may be caused by trauma, disease or injury [11]. Neurogenic bladder is a nonspecific
term that may describe conditions ranging from areflexic
noncontractile bladder to DO. The range of terms used
causes difficulties in evaluating the literature to assess the
prevalence and incidence of nOAB [12].
In the absence of any systematic reviews of the epidemiology of this condition, a systematic literature review
was undertaken to estimate the incidence and prevalence
of UI and DO in patients with 5 neurological conditions:
MS, SCI, PD, stroke and spina bifida. These 5 conditions
were selected as being conditions in which bladder dysfunction is well documented.

Table 1. Inclusion and exclusion criteria: study selection rounds 1 and 2

Selection
stage

Inclusion criteria

Exclusion criteria

Study
selection 1

– Studies reported in English of human subjects
conducted in any country
– Studies evaluating the epidemiology of nOAB
(or alternate terms1), UI or DO associated with
MS, SCI, PD, stroke or spina bifida
– Studies reporting epidemiology end points of
incidence and/or prevalence
– Epidemiology studies [cohort (prospective),
case-control (retrospective), or cross-sectional
(prevalence) in design], systematic reviews or
meta-analyses.

– In vitro or other preclinical studies
– Editorials, letters, case reports, commentaries,
interview-based market research, legal cases, newspaper
articles or patient education materials
– Studies reporting epidemiology data for nOAB (or alternate
terms), UI or DO associated with conditions other than
the neurological conditions of interest
– Studies assessing disease management strategies or
treatments as the primary aim or end point

Study
selection 2

– Studies reporting data from unselected patient
populations only
– Original research in form of observational
studies (prospective or retrospective cohort,
or cross-sectional)
– Studies exploring rates2 of any type of
incontinence and/or DO3
– Studies reporting relevant data in patients with
MS, SCI, PD, stroke or spina bifida
– Adults (>17 years)
– UI only: assessed using validated incontinence
instruments, patient questionnaires, medical
evaluation or review of medical charts
– DO only: diagnosed and assessed
urodynamically

– Studies reporting data from selected patient populations,
i.e. data from:
– Disease subgroups
– Disease severity subgroups
– Subgroup of patients experiencing a particular symptom
– Patients who had undergone a particular treatment or
management strategy
– Patients reviewed in only 1 medical department
– Studies including patients specifically stated to have
surgically altered bladder, prostate enlargement or
preexisting history of any kind of urinary symptoms
– Studies including patients specifically stated to have SCI of
nontraumatic origin
– Stroke studies in which patients were assessed at or prior
to 3 months after stroke

1 See

online supplementary appendix A for a list of alternative terms.
had to be reported as the number of patients who had UI and/or DO as a fraction of the total number of patients with
the neurological condition assessed.
3 Also termed detrusor hyperplasia or detrusor hyperactivity in older literature.
2 Outcomes

Study Selection
An overview of the study selection process and results
are summarized in the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flow
chart in figure 1. A total of 2,742 articles were identified
from the electronic database search during study selection 1, of which 186 contained epidemiology data. Analysis and comparison of the epidemiology data identified
through study selection 1 proved challenging because of
the wide range of terminology used to describe nOAB.
Several studies used a variety of terms such as neurogenic bladder, neuropathic bladder and bladder dysfunction,
while other studies considered specific clinical conditions
such as detrusor hyperreflexia or specific symptoms such
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as incontinence or urgency. In addition, it was difficult to
compare epidemiological data between studies because of
the different baseline characteristics of the patient populations such as different disease stages and severity. All of
these factors contributed to the heterogeneity of the results of this systematic review. The ranges of prevalence
estimates were wide and therefore inconclusive. To address this, a statistical approach was adopted requiring a
second study selection to identify suitable data for the statistical analysis.
To perform the analysis on the existing data, additional study selection (study selection 2) was performed
to identify studies that were closest to the general patient population and comparable within each neurological condition of interest. Using the criteria for study
selection 2 listed in table 1 to assess the 186 studies inRuffion et al.
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Results

Records identified through
electronic database searching
n = 2,868

Additional records identified
through manual searching
n = 24

Identification
Records after duplicates
removed
n = 2,742

Records screened by
citation/abstract review
n = 2,742

Full-text articles assessed for
eligibility
n = 365

Study
selection 1

Studies included in qualitative
synthesis
n = 1881

Studies reviewed for eligibility
for statistical analysis
n = 186

Study
selection 2

Records excluded
n = 2,377

•
•
•
•

Full-text articles excluded: n = 177
Abstract: 14
Article not available: 16
Data for incontinence, but does not state if urinary and/or fecal: 8
Disease management study: 10
Epidemiological data for bowel or bladder incontinence/dysfunction only, not bladder alone: 3
Epidemiological data qualitative (graphic form only) or based on statistical analysis only: 4
Gives epidemiological data for disease initial/first symptoms only: 3
Letter/oral presentation: 6
No epidemiological data for neurological conditions of interest only: 1
No epidemiological data for the conditions of interest: 52
No epidemiological data, PRO/QoL assessment: 2
No epidemiological data, prognostic factors/risk factors/correlation study: 18
Not in English: 3
Number of continent/normal voiding patients given only, no epidemiological data for
incontinence reported: 7
Review article: 20
Study results already included in another study: 56
Systematic review, no relevant epidemiological data: 1
Urodynamic methods or patterns only: 3

•
•
•
•

Studies excluded: n = 106
Studies not reporting UI or DO epidemiological data: 63
UI or DO epidemiological data in spina bifida patients: 3
Studies including patients specifically stated to have SCI of nontraumatic origin: 6
Stroke studies in which patients were assessed at 3 months or prior to 3 months after stroke: 34

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Studies included in
quantitative synthesis
(statistical analysis)
n = 80
(UI: n = 39; DO: n = 52)2, 3

Fig. 1. PRISMA flow chart. PRO = Patient-reported outcomes; QoL = quality of life. 1 186 epidemiological stud-

ies and 2 systematic reviews. 2 11 studies were included for both UI and DO analysis. 3 2 studies measured DO in
multiple neurological populations.

Evidence Identified (after Study Selection 1)
Systematic Reviews
Two systematic reviews that reported the prevalence
of urological problems in patients with MS were identified [17, 18]. Reported clinical symptoms included urgency (32–86%), incontinence or urgency (19–80%), freEpidemiology of nOAB

quency or urgency (31–85%) and incontinence (37–72%).
Conditions that were identified urodynamically included
DO (34–99%) and detrusor underactivity (0–40%).
Qualitative Assessment of Studies
All 186 epidemiology studies identified by the initial
study selection reported prevalence data; however, none
of these studies reported the incidence of urological
symptoms, including nOAB, for any of the neurological
conditions of interest. The earliest study identified was
published in 1973 and investigated detrusor areflexia in
patients with MS [19].
Neuroepidemiology 2013;41:146–155
DOI: 10.1159/000353274
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cluded after study selection 1, 39 articles that reported
prevalence of UI and 52 articles that reported prevalence of DO were included for statistical analysis. Details of these articles are given in online supplementary
tables C and D.
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single-center study of 407 patients [34]. The prevalence
of bladder dysfunction identified urodynamically ranged
from 3% (reported as storage disorder with hypoactive
detrusor) in a Turkish study of 33 patients [35] to 90%
(reported as DO) in a study of 40 patients referred for
urodynamic evaluation in India [4].
Spina Bifida. Data on the prevalence of urological
symptoms in patients with spina bifida were identified in
25 studies. The prevalence of urological symptoms ranged
from 12% (reported as incontinence at long-term followup) in an Italian study of 34 children with occult spinal
dysraphism [36] to 94.9% (reported as bladder dysfunction) in 39 children with myelomeningocele in Taiwan
[37]. The highest prevalence of conditions identified urodynamically was 98% (reported as neuropathic bladder)
in an Italian study of 244 patients with myelomeningocele
[38]. The prevalence of detrusor hyperreflexia varied
from 25% in a US study of 11 patients [39] to 76% in an
Italian study of 34 children with occult spinal dysraphism
[36]. The prevalence of detrusor areflexia varied from
13.0% in an Italian multicenter study of 46 consecutive
patients [22] to 49.5% in a Dutch study of 91 patients followed up for 7 years [40]. Owing to the significant heterogeneity across all studies within each neurological population, these results were not considered conclusive.
Therefore, additional criteria were applied (study selection 2) to isolate studies that specifically measured UI
and/or urodynamically confirmed DO in the general neurological populations of interest so that these data could
be pooled in order to obtain a point estimate.
Statistical Analysis (after Study Selection 2)
Prevalence of UI: Meta-Analysis
The degree of heterogeneity within these data was
highly significant (p < 0.001, I2 >90%) in all 4 neurological diseases. The random-effect model was therefore
more appropriate than the fixed-effect model. The results
of the meta-analysis are summarized in table 2. Spina bifida was excluded at this stage because of insufficient data.
The results of the meta-analysis of studies reporting the
UI rate in MS, SCI, PD and stroke patients are shown in
online supplementary tables E–H and figures 2–5.
Prevalence of DO: Meta-Analysis
The degree of heterogeneity within these data was
highly significant (p < 0.001, I2 >75%) in all 4 neurological diseases. The random-effect model was therefore
more appropriate than the fixed-effect model. The random-effect meta-analysis found that the prevalence of
DO was 58.2% (50.5–65.9) in patients with MS, 49.7%
Ruffion et al.
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Multiple Sclerosis. A total of 45 studies reported rates
of urological symptoms in patients with MS. The prevalence of these symptoms ranged from 6.9% (defined as
incontinence) in an Italian single-center study of 101 unselected patients [20] to 95% (defined as symptomatic
voiding dysfunction) in a Japanese study of 32 patients
referred for neurourological evaluation [21]. The prevalence of detrusor hyperreflexia ranged from 27% in a
sample of consecutive patients admitted to 2 neurological
centers in Italy [22] to 91% among 70 patients who underwent cystometric evaluation in a UK study [9]. The
highest estimate of detrusor hyperreflexia for a relatively
unselected group of patients was 70% among 113 patients
treated at a medical center in Los Angeles, Calif., USA
[23].
Spinal Cord Injury. A total of 35 studies reported prevalence data for urinary symptoms in patients with SCI.
Studies were divided into traumatic and nontraumatic
SCI studies. The prevalence of urinary symptoms in patients with traumatic SCI ranged from 20% in a study of
Medicare beneficiaries admitted to inpatient rehabilitation facilities [24] to 88.3% in a Brazilian study of 60 patients [25]. The prevalence of urinary symptoms in patients with nontraumatic SCI ranged from 5.9% at
6-month follow-up in a UK study of 25 patients with newly diagnosed non-Hodgkin’s lymphoma [26] to 90% in a
Pakistani study of 20 patients with a principal diagnosis
of acute transverse myelitis [27]. The most frequent condition identified urodynamically was detrusor hyperreflexia. Its prevalence ranged from 11% among 70 patients
referred to the Brazilian National Spinal Cord Injury
Centre [28] to 85% among 42 men with thoracic lesions
admitted to an SCI center in India [29].
Parkinson’s Disease. The prevalence of urinary symptoms in patients with PD, reported in 28 studies, ranged
from 3% for detrusor hyperreflexia with detrusor-sphincter dyssynergia in a Japanese study of 70 patients [30] to
94% for urge incontinence in a US study of 17 women
referred to a urodynamic laboratory for evaluation [31].
The prevalence of detrusor hyperreflexia alone ranged
from 7.7% among a sample of 52 consecutive patients in
an Italian study [22] to 93% among 30 patients referred
for urodynamic evaluation for symptomatic urinary dysfunction [32].
Stroke. Data on the prevalence of urological symptoms
in stroke patients were reported in 61 studies. The prevalence of such symptoms ranged from 11.1% (UI) in a
Dutch study of 143 patients with first-time unilateral
hemispheric stroke assessed 36–43 days after stroke onset
[33] to 70% (urgency) and 76% (nocturia) in a Danish

Study (sample size)

Prevalence (95% CI)

Barbalias [54], 1998 (90)
Bradley [19], 1973 (99)
Forbes [83], 2006 (905)
Gallien [55], 1998 (149)
Goldstein [56], 1982 (86)
Gonor [57], 1985 (64)
Hennessey [58], 1999 (191)
Koldewijn [59], 1995 (212)
Nair [60], 2005 (13)
Onal [61], 2009 (198)
Patti [20], 1997 (101)
Pohar [84], 2007 (335)
Porru [62], 1997 (120)
Thomas [63], 1988 (142)
Overall

0.41 (0.31 – 0.52)
0.61 (0.50 – 0.70)
0.76 (0.73 – 0.79)
0.69 (0.61 – 0.76)
0.48 (0.37 – 0.59)
0.56 (0.43 – 0.69)
0.58 (0.50 – 0.65)
0.26 (0.20 – 0.32)
0.62 (0.32 – 0.86)
0.81 (0.75 – 0.86)
0.07 (0.03 – 0.14)
0.29 (0.24 – 0.34)
0.49 (0.40 – 0.58)
0.54 (0.45 – 0.62)
0.51 (0.37 – 0.65)
0

0.1

0.2

0.3

0.4 0.5 0.6
Prevalence

0.7

0.8

0.9

Weight (%)
7.1
7.2
7.4
7.3
7.1
7.0
7.3
7.3
5.8
7.3
7.3
7.4
7.2
7.2
100.0

1.0

Fig. 2. Prevalence of UI in patients with MS (random-effect model) [19, 20, 54–63, 83, 84]. CI = Confidence interval.

Study (sample size)

Prevalence (95% CI)

Blanes [25], 2009 (60)
Gomes [64], 2005 (26)
Hansen [65], 2010 (221)
Vogel [66], 2002 (212)
Overall

0.88 (0.77 – 0.95)
0.54 (0.33 – 0.73)
0.43 (0.36 – 0.50)
0.25 (0.19 – 0.31)
0.52 (0.24 – 0.81)
0

0.1

0.2

0.3

0.4 0.5 0.6
Prevalence

0.7

0.8

0.9

Weight (%)
25.4
23.1
25.7
25.8
100.0

1.0

Fig. 3. Prevalence of UI in patients with SCI (random-effect model) [25, 64–66]. CI = Confidence interval.

Study (sample size)

Prevalence (95% CI)

Hattori [67], 1992 (110)
Hely [68], 2005 (52)
Hely [69], 2008 (30)
Pohar [70], 2009 (261)
Singer [71], 1992 (48)
Verbaan [72], 2007 (420)
Wullner [73], 2007 (3,214)
Overall

0.28 (0.20 – 0.38)
0.42 (0.29 – 0.57)
0.73 (0.54 – 0.88)
0.11 (0.08 – 0.16)
0.13 (0.05 – 0.25)
0.51 (0.46 – 0.56)
0.22 (0.21 – 0.23)
0.33 (0.21 – 0.45)
0

0.1

0.2

0.3

0.4 0.5 0.6
Prevalence

0.7

0.8

0.9

Weight (%)
14.5
12.9
11.9
15.5
14.1
15.4
15.7
100.0

1.0
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Fig. 4. Prevalence of UI in patients with PD (random-effect model) [67–73]. CI = Confidence interval.

Study (sample size)

Prevalence (95% CI)

Addington-Hall [74], 1995 (237)
Barer [75], 1989 (259)
Brittain [49], 2000 (382)
Brittain [76], 2006 (1,342)
Brocklehurst [33], 1985 (28)
Edwards [50], 2006 (361)
Feder [77], 1996 (88)
Jorgensen [51], 2005 (213)
Kolominsky-Rabas [78], 2003 (407)
Motola [79], 1988 (30)
Nakayama [52], 1997 (493)
Patel [80], 2001 (123)
Patel [81], 2007 (150)
van de Port [82], 2006 (217)
Overall

0.51 (0.45 – 0.58)
0.14 (0.10 – 0.19)
0.33 (0.29 – 0.38)
0.25 (0.23 – 0.28)
0.14 (0.04 – 0.33)
0.16 (0.13 – 0.21)
0.16 (0.09 – 0.25)
0.17 (0.12 – 0.23)
0.32 (0.27 – 0.37)
0.50 (0.31 – 0.69)
0.19 (0.16 – 0.23)
0.10 (0.05 – 0.16)
0.15 (0.10 – 0.22)
0.28 (0.22 – 0.35)
0.24 (0.19 – 0.29)
0

0.1

0.2

0.3

0.4 0.5 0.6
Prevalence

0.7

0.8

0.9

Weight (%)
7.3
7.8
7.7
8.1
5.0
7.9
6.8
7.6
7.7
3.9
7.9
7.5
7.4
7.4
100.0

1.0

Fig. 5. Prevalence of UI in patients with stroke (random-effect model) [33, 49–52, 74–82]. CI = Confidence interval.

tinence: pooled rates (95% CI)
Neurological
disease

Random-effect metaanalysis

Heterogeneity

MS
SCI
PD
Stroke

0.509 (0.367 – 0.650)
0.523 (0.238 – 0.807)
0.331 (0.213 – 0.448)
0.236 (0.185 – 0.288)

I2 = 98.4%, p < 0.001
I2 = 97.8%, p < 0.001
I2 = 97.1%, p < 0.001
I2 = 93.0%, p < 0.001

The table summarizes the point estimates (%) for each neurological condition. The random-effect model takes into account
that the effect size (prevalence) is similar, but not identical, across
studies owing to inherent differences across studies. The I2 statistic
is a measure of the inconsistency across study findings and reflects
the amount of variance present across studies on a relative scale.
p values determined using χ2 test.

(37.3–62.2) in patients with SCI, 58.6% (34.3–83.0) in patients with PD and 64.7% (54.2–75.3) in patients with
stroke. Details of the meta-analysis results by neurological condition are presented in online supplementary tables I–L and online supplementary figures A–D.
For both UI and DO, the stratified analysis did not identify any significant trends. However, the number of studies
included in the statistical analysis was limited and was not
sufficient for the analysis to produce meaningful results.
Detailed results of this analysis are not presented here.
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Discussion

Analysis and comparison of the epidemiology data
identified proved challenging because of the wide range
of terminology used to describe nOAB. Several studies
used terms such as neurogenic bladder, neuropathic bladder and bladder dysfunction, while other studies considered specific clinical conditions such as detrusor hyperreflexia or specific urinary symptoms such as incontinence or urgency. The International Continence Society
terminology committee has recently provided strict definitions to be used in order to standardize the terminology
used in this field; however, such naming conventions are
still not being used consistently in the research when describing and studying lower urinary tract symptoms [41].
In fact, 2 large and notable MS studies that focused on
urinary symptoms in this patient population [42, 43] were
excluded during study selection 2 because, even though
they measured the impact of UI symptoms on patients,
they did not explicitly ask patients whether symptoms of
nOAB with UI were present. Therefore, prevalence estimates could not be extracted from those studies.
In addition to inconsistency in the terminology used,
comparison of epidemiological data between studies
proved difficult because of the different baseline characteristics of the patient populations assessed such as underlying neurological disease stage and severity. For example, bladder dysfunction has been shown to correlate
Ruffion et al.
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Table 2. Results of meta-analyses for prevalence of urinary incon-

with disability status in patients with MS [20], voiding
dysfunction has been shown to develop progressively
with advancing disease in patients with PD [30], and the
type of bladder dysfunction is significantly associated
with the degree of injury in patients with SCI [44]. In addition, patients are often reluctant to discuss symptoms
with their health care providers, so it is difficult to assess
at what point over the course of the disease they experienced UI and/or DO [45].
This review found that the prevalence of urinary symptoms is likely to increase with the duration of PD and MS.
For example, the prevalence of urinary symptoms was
39.3% at a mean disease duration of 4.9 years in a Brazilian study of 61 patients with PD [46] and 64.0% at a mean
disease duration of 17.1 years in a Spanish study of 50
patients with PD [47]. In a systematic review of patients
with MS, detrusor-sphincter disorders did not appear until an average of 6 years (range 5.0–9.5) after disease onset
[17]. Another study of patients with MS also showed that
urinary symptoms increase with disease duration [42].
While there is a clear increase in symptoms associated
with nOAB as PD and MS progresses over time to more
advanced stages of the disease, the trend is less clear
among patients with SCI and stroke. Patients with traumatic SCI that affects bladder functioning do not necessarily experience progression in neurological deficits over
time, nor are they typically able to regain neurological
functioning [48]. In stroke patients, this pattern depends
more on the nature and severity of the cerebrovascular
insult, as well as the ability of the patients to recover from
the incident. While UI may be highly prevalent in the
acute phase of a stroke, symptoms may or may not resolve
over time as patients regain neurological functioning
[49–52]. Nevertheless, the prevalence of UI was notable
in each of these patient populations, affecting over half of
the patients with MS and SCI (50.9 and 52.3%, respectively), one third of patients with PD (33.1%), and nearly
a quarter of all stroke patients at least 3 months after the
acute incident (23.6%).
Estimates for the prevalence of DO were also obtained
from this study; however, these results should be interpreted with caution as DO can only be measured with urodynamic investigations. Patients are typically only referred for urodynamic workup if they are experiencing
bothersome symptoms. Therefore, the DO estimates in
this population are likely biased and higher than what
would be expected in the population for each neurological
condition. In addition, most of these studies had small patient populations (39 out of the 52 identified trials reporting DO prevalence data included less than 100 patients).

One limitation of this review is that the number of articles identified was insufficient for a reasonable stratified
analysis. The meta-analysis should be interpreted with
caution for this same reason. In addition, non-English
language studies were excluded at the study selection
stage. It also needs to be noted that no studies were identified reporting incidence data. The review was also limited by the variability in terms used to describe nOAB/
nDO in the literature. Moreover, the restriction of the DO
analysis to include only urodynamic studies caused the
studied patient population to be limited to those with urinary symptoms, which led to smaller sample sizes. Finally, it is important to note that the literature search was
conducted in 2010. Since this time, at least 1 study of interest has been published that was not included in this
analysis to the authors’ knowledge [53].
Despite these limitations, results of this review confirm that a substantial proportion of patients with underlying neurological conditions experience urinary issues.
The available data, however, are insufficient to detail the
exact proportion of the various urological symptoms at
the various stages of the disease. This is partly the result
of inconsistent terminology used to describe lower urinary tract symptoms in neurological patients. Future
epidemiological studies should consistently adhere to
the definitions established in 2002 by the International
Continence Society. Finally, registries stratifying urinary
symptoms at the various stages of diseases like MS, stroke
and SCI are still needed so that clinicians know when inquiry about urinary symptoms is warranted.
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This systematic review of the literature did not identify any data on the incidence of neurogenic bladder disorders in patients with PD, SCI, MS, stroke or spina bifida. The prevalence of urological problems varied widely, most likely reflecting the inconsistent terminology
used to describe the lower urinary tract symptoms of interest. Future epidemiological studies should consistently
adhere to the definitions established in 2002 by the International Continence Society. Despite these limitations,
results of the meta-analysis confirm that a substantial
proportion of patients with underlying neurological conditions develop nDO and UI.
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