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Urinary incontinence (UI) in community-dwelling men affects quality of life
and increases the risk of institutionalization. Observational studies and ran-
domized, controlled trials published in English from 1990 to November 2007
on the epidemiology and prevention of UI were identified in several databases
to abstract rates and adjusted odds ratios (OR) of incontinence, calculate 
absolute risk difference (ARD) after clinical interventions, and synthesize 
evidence with random-effects models. Of 1083 articles identified, 126 were
eligible for analysis. Pooled prevalence of UI increased with age to 21% to
32% in elderly men. Poor general health, comorbidities, severe physical 
limitations, cognitive impairment, stroke (pooled OR 1.54; 95% confidence
interval [CI], 1.14-2.1), urinary tract infections (pooled OR 3.49; 95% 
CI, 2.33-5.23), prostate diseases, and diabetes (pooled OR 1.36; 95% CI, 
1.14-1.61) were associated with UI. Treatment with tolterodine alone (ARD
0.17; 95% CI, 0.02-0.32) or combined with tamsulosin (ARD 0.17; 95% CI,
0.08-0.25) resulted in greater self-reported benefit compared with placebo.
Radical prostatectomy or radiotherapy for prostate cancer compared with
watchful waiting increased UI. Short-term prevention of UI with pelvic floor
muscle rehabilitation after prostatectomy was not consistently seen across 
randomized, controlled trials. The prevalence of incontinence increased with age
and functional dependency. Stroke, diabetes, poor general health, radiation, and
surgery for prostate cancer were associated with UI in community-dwelling
men. Men reported overall benefit from drug treatments. Limited evidence of
preventive effects of pelvic floor rehabilitation requires future investigation.
[Rev Urol. 2009;11(3):145-165 doi:10.3909/riu0416]
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Urinary incontinence (UI) affects substantial proportions of men1; the esti-
mated prevalence of UI varied from 11% among those aged 60 to 64 years
to 31% in older men, and from 16% among white men to 21% among

African American men.2 Daily UI was reported by 30% to 47% and weekly UI by
15% to 37% of community-dwelling men.2 A small proportion (22%) of men with
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weekly UI episodes ever sought med-
ical care for this problem, whereas
40% of treated men reported moder-
ate to great frustration with contin-
ued urine leakage.3

Baseline mechanisms of UI include
overactive bladder that may result in
urge UI and poor urethral sphincter
function that can result in primary
urethral incompetence and stress
UI.4,5 Baseline mechanisms of inconti-
nence lead to variable definitions, risk
factors, and effective interventions to
prevent and treat UI.5

This review was commissioned as
background material for a National
Institutes of Health Office of Medical
Applications of Research State of the
Science Conference on Incontinence.
We aimed to synthesize evidence of
the effectiveness of different clinical
interventions to prevent the occur-
rence and progression of UI in com-
munity-dwelling men.

Methods
Literature Search Strategy 
and Eligibility Criteria
Studies were sought from a wide vari-
ety of sources, including MEDLINE via
PubMed, the Cumulative Index to
Nursing and Allied Health Literature,
Cochrane databases, and manual
searches of reference lists from system-
atic reviews. Search strategies are de-
scribed in the full-text report, available
at http://www.ahrq.gov/downloads/
pub/evidence/pdf/fuiad/fuiad.pdf.

Three investigators independently
decided on the eligibility of the stud-
ies.6 Full texts of the original epi-
demiologic studies published in
English after 1989 were examined to
include studies with eligible out-
comes, defined as prevalence and in-
cidence of incontinence, absolute and
adjusted relative risk (RR) of inci-
dence, and progression of urinary in-
continence in community-dwelling
men. We included randomized, con-
trolled trials (RCTs) of clinical inter-

ventions on incontinence. We ex-
cluded studies with children and ado-
lescents, studies with no information
relevant to incidence and progression
of incontinence, and case series with
fewer than 100 men and no control.
We also excluded observational stud-
ies of men in nursing homes, case
series to describe incontinence after
different treatments for prostate dis-
eases, and randomized, controlled
clinical trials that did not report pa-
tient outcomes but did report changes
in instrumental tests (these studies are
included in the full report, available
at http://www.ahrq.gov/downloads/
pub/evidence/pdf/fuiad/fuiad.pdf ).

Quality Assessment and Rating 
the Body of Evidence
Study quality was analyzed using the
following criteria: subject selection,
length and loss of follow-up, adjust-
ment for confounding factors in ob-
servational studies and intention to
treat principle in clinical trials, mask-
ing the treatment status, randomiza-
tion scheme and adequacy, allocation
concealment, and justification of
sample sizes in RCTs.7 Incidence and
prevalence of cases of incontinence,
as well as RR of incontinence in cate-
gories of risk factors and clinical in-
terventions, were abstracted.8,9 Base-
line data were compared in different
studies to test differences in the target
population and unusual patterns in
the data.10,11 Regression coefficients,
absolute risk, and their 95% confi-
dence interval (CI) were calculated
from reported cases.8,9 The protocol
for the meta-analyses was created
according to recommendations for
meta-analysis of RCTs, the Improving
the Quality of Reports of Meta-Analyses
of Randomized Controlled Trials
statement,12 and the Meta-analysis of
Observational Studies in Epidemiol-
ogy group.13 We used the Grading
of Recommendations Assessment,
Development and Evaluation working

group definitions to evaluate the
overall strength of the evidence as
high, moderate, low, very low, or in-
sufficient.14,15

External validity was estimated by
evaluating the selection of the subjects
in observational studies and clinical
trials.16 Large observational cohorts
based on national registries, popula-
tion-based surveys, and nationally
representative administrative and
clinical databases had high applicabil-
ity. We compared the differences in
prevalence of incontinence in studies
that selected men from administrative
and clinical databases and that re-
ported random and convenience sam-
pling of participants.17 Applicability
of the intervention duration was high
for studies with follow-up of 1 year or
more and acceptable for studies with
follow-up of 6 to 12 months.

We assumed the presence of publi-
cation bias and did not use statistical
tests for bias, defined as the ten-
dency to publish positive results and
to predict association when all con-
ducted (published and unpublished)
studies are analyzed.6,18-20 We used
several strategies to reduce bias, in-
cluding comprehensive literature
searches of published and unpub-
lished evidence in several databases,
the reference lists of systematic re-
views and proceedings of the Inter-
national Continence Society (ICS),
contacts with experts for additional
references they might provide, and
agreement on the eligibility status by
several investigators.

Data Extraction
Evaluations of the studies and data
extraction were performed manually
and independently by 3 researchers.
Errors in data extraction were as-
sessed by a comparison with the es-
tablished ranges for each variable and
the data charts with the original arti-
cles. Any discrepancies were resolved
by discussion.
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Data Synthesis
The results of individual studies (ex-
pressed as event rates or adjusted for
confounding factors odds ratios [ORs]
or RR), summarized in evidence tables
to analyze differences in incontinence
in categories by age, race, ethnicity,

and risk factors, are available at
http://www.ahrq.gov/downloads/pub/
evidence/pdf/fuiad/fuiad.pdf.

Definitions of Incontinence. We an-
alyzed incontinence using the defini-
tions of signs and symptoms of UI
promoted by the ICS, including stress,
urge, and mixed incontinence.1,5,21

Continence was defined as self-
reported absence of involuntary urine
loss or negative results on stress and
pad tests. Frequency of UI was ab-
stracted as daily, weekly, or monthly
episodes of urine leakage. Severity of
incontinence was defined using the
objectively measured urine loss in pad
weight tests or self-reported pad use.
We defined true population incidence
as newly diagnosed cases of inconti-
nence that developed annually in the
target population. True population in-
cidence estimates were derived from
large population-based surveys. How-
ever, for clinical interventions we de-
fined incidence as the probability of
developing incontinence under study
after active and control interventions
during time of follow-up.1,22 We de-
fined reported incontinence as the
prevalence of total incontinence or
episodes of different types of inconti-
nence when the authors did not ac-
cess continence status as baseline or
did not exclude prevalence cases from
overall estimation.

We analyzed continence separately
from improvement in incontinence
because continence is the most clini-
cally desirable patient outcome and is
well defined, whereas improvement
can include substantial differences in
definitions and changing perceptions

of qualitative and quantitative para-
meters of improvement. We used such
conservative approaches to generate
precise estimates of the effectiveness.
Clinicians and patients can make in-
formed decisions on the basis of the
treatments that resulted in greater
rates of long-term continence in well-
designed RCTs.

We applied the intention-to-treat
principle and calculated the number
of cases in the active and control
groups. Pooling criteria included the
same operational definitions of in-
continence outcomes and the same
risk factors or clinical interventions.23

Homogeneity in clinical interventions
was analyzed comparing published
information on behavioral, instru-
mental (devices), pharmacologic, and
surgical treatments. Meta-analysis
was used to assess the consistency of
the association between treatments
and incontinence outcomes with ran-
dom-effects models.24 Consistency in
results was tested by comparing the
direction and strength of the associa-
tion. Chi-squared tests and I-squared
tests were used to assess heterogene-
ity in study results: a P value of less
than .01 and an I-squared value
greater than 50%, respectively, were
considered high.25,26 We calculated
standard error and CI for population
prevalence with the Wilson estimate
and logarithm of prevalence for

pooling analysis.27 The number needed
to treat to prevent 1 event of inconti-
nence was calculated as reciprocal to
absolute risk differences in rates of
outcomes events in the active and
control groups and the number of
attributable events per 1000 treated as
absolute risk difference multiplied by
1000.28,29 Calculations were performed
using STATA software (StataCorp,
College Station, TX) at the 95% confi-
dence level.28

Role of the Funding Source. The
Agency for Healthcare Research and
Quality suggested the initial questions
and provided copyright release for
this article but did not participate in
the literature search, data analysis, or
interpretation of the results.

Results
Figure 1 traces the flow of our litera-
ture search for the report. We re-
trieved 6103 potentially relevant ref-
erences and included 126 articles on
prevalence, risk factors, and clinical
interventions in community-dwelling
men in the present review. The over-
all summary of evidence is shown in
Table 1. Detailed evidence tables are
included in the full report, available
at http://www.ahrq.gov/downloads/
pub/evidence/pdf/fuiad/fuiad.pdf.

Prevalence of UI 
in Community-Dwelling Men
The samples used in epidemiologic
studies in men varied substantially in
terms of age categories and defini-
tions of UI. Although there is a broad
age range in the prevalence studies,
the majority concentrate on middle-
aged and older male populations (eg,
beginning at age 40, 60, or 65 years
and older),2,30-50 with fewer studies of
men younger than 40 years,36,46,51-57

including a recent national survey of
men aged 18 years and older in the
United States.57 The majority of these

Continence is the most clinically desirable patient outcome and is well de-
fined, whereas improvement can include substantial differences in defini-
tions and changing perceptions of qualitative and quantitative parameters
of improvement.
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studies have been conducted in North
America or European countries using
predominantly white populations.
Two studies have incorporated Asian
populations.40,41 Pooled analysis of
69 studies30-38,41,43,46,48,49,51-53,55,57-107

(Table 2) detected a clear pattern of
increased prevalence of total UI in
aging men, from 4.8% in those aged
19 to 44 years (11 studies) to 11.2% in
those aged 45 to 64 years (27 studies),
to 21.1% in men older than 65 years

(41 studies). The highest prevalence of
UI (32.2%) was reported in elderly
men (17 studies). Urge UI was the
most prevalent type of UI in men
among all age categories, increasing
from 3.1% in those aged 19 to 44 years
(7 studies) to 11.7% in those older
than 65 years (20 studies).

Fewer studies provided estimates of
severity of UI in American
men.36,52,66,75,100 A community-based
cross-sectional survey of 778 men

older than 40 years reported that
10.8% of the responders had wet un-
derclothing during the last year.75

Among men aged 41 to 60 years from
primary care clinics in a US Depart-
ment of Veterans Affairs facility, 4.8%
experienced daily UI.36 The preva-
lence of daily UI increased to 8.9%
among those older than 60 years.
Pooled analysis of the American stud-
ies estimated that daily UI was expe-
rienced by 4.8% of men aged 45 to 64
years (95% CI, 4.8-4.8), 8.3% of those
older than 65 years (95% CI, 7.0-9.6),
and 9.3% of men older than 80 years
(95% CI, 4.5-14.1).36,52,66,75,100 Severe
UI that required a change of under-
wear was reported by 2% of those
aged 45 to 64 years and 4% of men
older than 65 years (95% CI, 3.9-4.1). 

Three studies from the United
States provided data on prevalence
rates in racial/ethnic groups, but the
survey methodology varied, including
methods for estimating preva-
lence.2,36,50 In 1 large population-
based survey using a weighted preva-
lence estimate, non-Hispanic black
men had a higher rate of UI (21%)
compared with non-Hispanic white
men (16%) and Mexican American
men (14%).2 In the other study, non-
Hispanic men (38%) were more likely
than Hispanic men (31%) to have UI.50

White men (32%) and black men
(33%) in a sample of male veterans
receiving care in primary care clinics
had similar rates of UI.36

Data are scarce on the incidence of
UI in community-dwelling men, ex-
cluding studies of men after prostatec-
tomy.30,98,108,109 One-year incidence
rates vary depending on the age of
the study population. In 1 study of
men aged 40 years and older residing
in the United Kingdom, the 1-year
incident rate was 4%, with incidence
of involuntary leakage increasing
from 2% in those aged 40 to 49 years
to 11% in those 80 years and older.98

In a study of American men aged

Databases

The National Library of Medicine via PubMed: 5954
CINAHL – Cumulative Index to Nursing & Allied Health Literature: 13
The Cochrane Library and manual search of reference lists in relevant

reviews and articles: 127
Contact with experts: 3

Total citations: 6103*       

Eligible for review: 1083 Excluded 5020†  for the following
reasons:
Comment: 183
Review: 62
Not eligible target population: 531
Not eligible outcomes: 1171
Not eligible exposure: 322
Guidelines: 14
Congresses publication: 1
Case reports: 567
Patient education handout: 5
News: 13
Case series: 1764
No associative hypothesis tested,
not eligible level of evidence: 358
Secondary data analysis: 16
Interview and letter: 5
No full texts available: 66                 

Included in the present review:
126† studies in community-dwelling
men
Prevalence of UI: 69
Observational studies of risk factors
of UI: 39
RCT of clinical interventions on
UI: 37    

Excluded 933 studies in long-
term care facilities, in women,
and not reported clinical
outcomes in men   

Excluded 24 studies of FI  

Figure 1. Study flow diagram. *Literature search was conducted to examine diagnosis, prevalence, incidence, risk
factors, and clinical interventions of urinary incontinence (UI) and fecal incontinence (FI) in adults from commu-
nity and long-term care settings. †Sum of the studies not equal to the total number because of overlap in eligibil-
ity criteria. RCT, randomized clinical trial.
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Table 1
Evidence of the Association Between Risk Factors and Male Incontinence

Tested Association Studies Level of Evidence Conclusions

Age on UI 69 studies of High Prevalence of UI increases with age; urge UI is the most common type
prevalence30-38,41,43,46,48,49,51-53,55,57-107 of UI in men.
8 studies of odds 
ratio37,42,67,91,120,122,126,128

Ethnicity on UI 1 study120 Low Odds of UI were the same in nonwhite vs white race (odds ratio 0.88;
95% CI, 0.72-1.07).

Physical activity on UI 1 study89 Low Men with physical activity 1 or more times per week had 51% lower
relative risk of UI (relative risk 0.49; 95% CI, 0.25-0.96).

Education on UI 2 studies35,89 Low Men with secondary or higher education had the same odds of UI as
men with primary education.

Marital status on UI 1 study90 Low Single or never-married men had the same odds of UI as married men.

Body weight on UI 4 studies35,89,90,93 Low 1 study reported that obese men had 220% increased odds of UI
compared with men with normal weight (OR 3.2; 95% CI, 1.2-9); 
other studies did not find a significant association.

Coffee intake on UI 1 study35 Low Men who regularly consumed 2 cups per day had 70% reduction in
odds of UI (OR 0.3; 95% CI, 0.1-0.7).

Alcohol intake on UI 3 studies35,89,90 Low Alcohol intake did not demonstrate consistent association with UI.

Smoking on UI 2 studies35,89 Low Smoking did not demonstrate consistent association with UI.

Self-reported general 2 studies67,90 Moderate Self-reported poor general health was associated with 200%–300% 
health on UI increase in odds of UI in both studies.

Comorbidities on UI 6 studies35,42,49,58,93,117 Low Inconsistent evidence of positive association with comorbidities on UI.
Cardiovascular, cardiorespiratory, Protracted coughing was associated with higher odds of UI in men 
joint, and gastrointestinal diseases, �75 years of age in 1 study (OR 1.33; 95% CI, 1.04-1.69).
9 studies35,37,38,42,49,54,58,89,117 Arthritis was associated with increased odds of UI by 59%–80%

in 2 studies.
Men with back problems had increased odds of UI by 110% (OR 2.10;
95% CI, 1.5-2.93) in 1 study.
Men with fecal incontinence had increased odds of UI in 1 study 
(OR 17; 95% CI, 7.5-40), with nonsignificant changes in another.

Social and psychological 4 studies58,67,89,90 Low Depressive mood was associated with increased odds of UI in 1 study
factors on UI (OR 2.69; 95% CI, 1.14-6.34). Increased stress level and low social 

activity did not demonstrate significant association with UI.

Impaired glucose 6 studies35,42,54,67,89,117 Moderate Increased borderline fasting glucose was not associated with UI. 
metabolism and Pooled analysis of 5 studies found a consistent significant increase in
diabetes on UI odds of UI in men with diabetes (pooled OR 1.36; 95% CI, 1.14-1.61,

heterogeneity NS).
(Continued)
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Table 1 
(Continued)

Tested Association Studies Level of Evidence Conclusions

Medication use on UI 2 studies54,58 Low Antibiotics, antidepressants, asthma medication, blood pressure 
medications, heart medication, hypnotics, pain medications, polyphar-
macy, sleep medications, and tranquilizers were not associated with UI.
Use of diuretics (OR 2.11; 95% CI, 1.28-3.47), laxatives (OR 2.34; 
95% CI, 1.46-3.75), and narcotics (OR 2.03; 95% CI, 1.28-3.20) was
associated with increased odds of UI.

Mental and neurologic 7 studies35,42,49,54,67,101,117 Moderate Cognitive impairment, memory problems, and presence of any 
diseases on UI neurologic diseases were associated with increased odds of UI; 

dementia, depression, transient ischemic attack, and Parkinson’s 
disease did not demonstrate a significant association.
Pooled analysis of 5 studies found a significant increase in odds of UI
in men after stroke (pooled OR 2.7; 95% CI, 1.3-5.5; heterogeneity
significant).

Physical dependency 4 studies42,49,58,93 Moderate Severe physical limitations were associated with increased odds of UI
and limitation in daily in 1 study (OR 3.34; 95% CI, 1.52-7.34). Men who reported difficulty
activities on UI talking and walking had higher odds of UI. Impaired activities of daily

living were associated with increased odds of UI in a dose–response
manner.

Urinary tract infection 9 studies35,37,42,49,58,73,89,91,115 Moderate Pooled analysis of 5 studies demonstrated consistent increase in odds 
and urinary symptoms of UI by 260% (pooled OR 3.6; 95% CI, 2.2-6; heterogeneity NS) 
on UI among men with urinary tract infections.

Men with lower urinary symptoms had increased odds of UI in 
2 studies, with random changes in 1 study.

Prostate diseases and 4 studies of association with Moderate Men with prostate diseases had a 520% increase in odds of UI (OR 6.2; 
treatments for prostate prostate diseases71,93,117,126 95% CI, 3.6-10.6), men with prostate cancer had a 100% increase in 
cancer on UI 7 observational studies of odds of UI (OR 2; 95% CI, 1.5-2.8). History of any previous prostate 

different treatments for prostate surgery was associated with a 110% increase in odds of UI (OR 2.1; 
cancer35,36,71,89,122,124,126 95% CI, 1.2-3.7), history of radical prostatectomy was associated with 
13 RCT of behavioral a 330% increase in relative risk of UI (RR 4.3; 95% CI, 2.6-7.3), and a 
interventions for prostate history of previous transurethral resection of prostate at time or 
diseases142-154 following radical prostatectomy was associated with a 80% increase 

in relative risk of UI (RR 1.8; 95% CI, 1.1-3).
Transurethral resection of prostate compared with watchful waiting 
(1 RCT) did not result in higher rates of persistent UI.
Radical prostatectomy compared with watchful waiting (1 RCT)
resulted in a significant increase in UI of moderate or greater severity
that caused distress and affected sexual life.
Radical prostatectomy compared with external beam radiation
increased the risk of UI (1 RCT).
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Radiotherapy for prostate cancer compared with watchful waiting (1 RCT)
resulted in a significant increase in UI that required use of pads.
Adjuvant external beam radiation compared with radical prostatectomy
alone (1 RCT) did not increase relative risk of UI and severe UI that
would require implantation of artificial sphincter.
Different doses and regimes of radiotherapy resulted in the same rates
of UI (2 RCTs).
Bladder neck preservation techniques resulted in the same rates of UI
(2 RCTs).
Artificial urethral sphincter implantation compared with macroplastique
injection above or around the striated sphincter region of the urethra 
(1 RCT) increased rates of continence.
Different methods of transurethral resection of prostate (3 RCTs)
resulted in the same rate of UI. 

Pelvic floor muscle 9 RCTs129-137 Low Inconsistent prevention of UI after pelvic floor muscle training with 
training and physical biofeedback and support group.
rehabilitation on UI

Medical devices on UI 2 RCTs140,141 Low UroLume sphincteric stent compared with conventional external
sphincterotomy did not prevent UI (1 RCT).
C3 penile compression device, Cunningham clamp, and U-Tex Male
Adjustable Tension resulted in the same UI (1 RCT).

Pharmacologic Corticosteroids, 2 RCTs155,156 Low Betamethasone cream applied locally to both neurovascular bundles
treatments of UI or methylprednisolone orally beginning on the day of radical

prostatectomy did not prevent UI compared with placebo.
Antidepressants, 1 RCT158 Low Duloxetine 40 mg daily combined with pelvic floor muscle training

compared with pelvic floor muscle training alone increased continence
rates at 16 but not 24 wk of treatment.

Muscarinic antagonists Moderate Tolterodine ER 4 mg daily alone and combined with tamsulosin
compared with placebo or resulted in greater self-reported overall benefit of the treatment
adrenergic �-antagonists, compared with placebo. The most commonly reported adverse effects
2 RCTs159-162 compared with placebo included dry mouth (16% vs 7%), constipation

(4% vs 9%), dyspepsia (4% vs 1%), dizziness (5% vs 1%), and
somnolence (3% vs 1%).

Evidence was rated as follows: high � further research is very unlikely to change our confidence in the estimates; moderate � further research is likely to have an important 
impact on our confidence in the estimate of effect and may change the estimate; low � further research is likely to have an important impact on our confidence in the estimate 
of effect and is likely to change the estimate. UI, urinary incontinence; OR, odds ratio; CI, confidence interval; NS, nonsignificant; RR, relative risk; RCT, randomized controlled
trial.
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60 years and older, the 1-year inci-
dence rate of involuntary leakage
was 20% (weighted for nonrespon-
ders).30 There are no data available
on the incidence of the different
types of UI or comparisons by
racial/ethnic groups. There is limited
evidence on the progression and re-
mission of UI in men. Evidence indi-
cates that when men became inconti-
nent, they developed urge or other
types of UI; those with urge UI alone
either stayed as urge UI or developed
mixed UI.30 In 1 study over a 10-year
period, 3% of men without either ur-
gency or urgency with incontinence

at baseline developed urge UI. There
was a slight nonsignificant decline in
men with urge UI at baseline to have
it at the 10-year follow-up (5% vs
4%, respectively).95

Risk Factors for UI 
in Community-Dwelling Men
Associations between UI and risk fac-
tors adjusted for confounding factors
were reported in 39 studies35-38,42,49,54,58,

64,67,71,73,74,78,83,86,89-91,93,101,110-127 (Table 1;
Appendix Table 1 [available at
www.medreviews.com]). Age as an in-
dependent risk factor for UI was ana-
lyzed in 8 studies,37,42,67,91,120,122,126,128

with significant positive association
with total UI in 2 studies42, 67 and urge
UI (OR 5.34; 95% CI, 2.26-12.62)
among those older than 70 years com-
pared with younger men in 1 study.37

Diabetes demonstrated consistent
positive association with UI (Figure 2).
Comorbidities and poor general
health were associated with UI in
several studies (Table 1).38,42,90,93 The
presence of fecal incontinence was
associated with an increased odds of
urge UI in 1 study of 2198 men (OR
17; 95% CI, 7.5-40)117 but with ran-
dom changes in another.58 Men with
arthritis had higher adjusted odds of
total UI (OR 1.6; 95% CI, 1.1-2.4)54

and urge UI (OR 1.8; 95% CI, 
1.4-2.4).117 The National Population
Health Survey in Canada reported
that use of narcotics, laxatives, and
diuretics was associated with greater
odds of UI independent of other risk
factors.54 Memory problems, epi-
lepsy, and neurologic diseases were
associated with higher rates of 
UI.35,42,54,67,101,117,125 Stroke was asso-
ciated with UI (Figure 2) in commu-
nity-dwelling men (pooled OR 2.7;
95% CI, 1.3-5.5) with variable estima-
tions from individual studies, depend-
ing on time of follow-up and defini-
tions of UI. Restrictions in activities
of daily living were associated with
higher adjusted odds of UI in men
in all studies that examined the
relationship.42,49,58,93

Men with urinary tract infections
had higher adjusted odds of UI
(Figure 2), with a pooled OR of 3.6
(95% CI, 2.17-6).35,37,42,58,93 Men with
prostate diseases had higher rates of
UI after adjustment for confounding
factors in the majority of stud-
ies.71,93,117,126 Prostate cancer (RR 2;
95% CI, 1.5-2.8), radical prostatec-
tomy (RR 4.3; 95% CI, 2.6-7.3), and
radiotherapy for prostate cancer 
(RR 2.3; 95% CI, 1.3-4.1) were associ-
ated with increased adjusted relative
risk of UI.71

Table 2
Pooled Prevalence of Male Urinary Incontinence 
Among Age Categories (Random-Effects Model, 
Statistical Test for Heterogeneity Significant)

Prevalence 
Age (y) (studies) (95% CI)

19-44

Total UI (11) 4.81 (3.69-5.94)

Mixed UI (3) 0.70 (0.11-1.29)

Stress UI (5) 0.74 (0.14-1.34)

Urge UI (7) 3.09 (1.96-4.21)

45-64

Total UI (27) 11.20 (10.14-12.26)

Mixed UI (4) 1.53 (0.94-2.12)

Stress UI (13) 3.78 (1.56-6.00)

Urge UI (14) 7.75 (4.99-10.50)

65+

Total UI (41) 21.13 (19.90-22.35)

Mixed UI (10) 6.13 (2.53-9.74)

Stress UI (15) 2.67 (1.95-3.39)

Urge UI (20) 11.70 (9.27-14.14)

80+

Total UI (17) 32.17 (29.62-34.73)

Mixed UI (1) 9.40 (9.34-9.46)

Urge UI (3) 18.18 (6.84-29.51)

UI, urinary incontinence.
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Clinical Interventions for UI 
in Community-Dwelling Men
Outcome: Continence. Behavioral
interventions for UI in men with
prostate diseases were examined in

10 RCTs (Table 3; Appendix Table 2
[available at www.medreviews
.com]).129-137 Continence rates in the
control groups were more than 60%
across all RCTs, with no statistically

significant differences compared with
active treatments. The highest conti-
nence rate was reported in a large
well-designed RCT of early pelvic
floor rehabilitation in patients who

Stroke

Finkelstein (25,400)

Landi (2178)

Jorgensen (123)

Nakanishi (1405)

Koskimaki (2198)

Subtotal (I-squared � 84.1%; P � .000)   

Urinary tract infection

Bortolotti (1198)

Ueda (845)

Van Oyen (3462)

Landi (2178)

Nuotio (171)

Subtotal  (I-squared � 38.4%; P � .165) 

Lower urinary tract symptoms

Schmidbauer (1236)

Nuotio (171)

Stenzelius (1642)

Subtotal  (I-squared � 79.8%; P � .007) 

Diabetes

Bortolotti (683)

Finkelstein (25,400)

Landi (2178)

Ueda (968)

Nakanishi (1405)

Koskimäki (2198)

Subtotal  (I-squared � 29.9%; P � .211) 

Author (N) 

8.26 (3.63-18.80)

1.23 (0.98-1.54)

Odds Ratio (95% CI)

2.80 (1.50-5.20)

2.63 (0.93-7.42)

2.30 (0.90-5.20)

2.68 (1.31-5.45)

12.50 (2.70-57.30)

3.07 (1.10-8.50)

5.32 (2.29-12.30)

3.20 (2.20-4.66)

1.06 (0.25-4.55)

3.60 (2.17-6.00)

0.58 (0.27-1.23)

3.49 (1.42-8.57)

1.67 (1.10-1.71)

1.48 (0.67-3.27)

1.60 (0.50-4.90)

0.94 (0.53-1.67)

1.37 (1.05-1.78)

1.24 (1.20-1.50)

1.75 (0.73-4.20)

2.00 (1.40-3.10)

1.36 (1.14-1.61)

0.57 1 57

Figure 2. Association between risk factors and prevalence of urinary incontinence (adjusted odds ratios from individual studies and pooled analysis with random-effects models).
CI, confidence interval.
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had radical retropubic prostatectomy
for clinical stage T1 or T2 prostate
cancer136 (Figure 3). The majority of
patients (99%) reported continence
after the intervention that included
verbal explanations, palpation, and
Kegel exercises, with a small signifi-
cant relative benefit compared with
usual care (RR 1.1; 95% CI, 1.1-
1.2).136 The relative effect in the same
RCT was slightly larger when conti-
nence status was measured with a
scale specific for UI (RR 1.3; 95% CI,
1.2-1.5).136 Pelvic floor muscle train-
ing combined with biofeedback re-
sulted in greater self-reported conti-
nence compared with standard care
(pooled absolute risk difference 0.1;

95% CI, 0.05-0.14), but the effect
size was not consistent across the
studies (P value for heterogeneity,
.03).131,136,137

Outcome: UI in Community-
Dwelling Men. The effects on sever-
ity of UI of behavioral interventions
were inconsistent in direction and
size compared with usual care. Few
RCTs reported significant benefits of
behavioral treatments to reduce the
risk of UI. The rate of self-reported
UI was 70% less after verbal instruc-
tion and feedback on contractions of
pelvic floor muscles in 63 patients
with bladder outflow obstruction and
diagnosis of symptomatic benign

prostatic hyperplasia who underwent
transurethral prostatectomy (RR 0.3;
95% CI, 0.1-0.9).138 Pelvic floor mus-
cle training, including a strong
postvoid “squeeze out” pelvic floor
muscle contraction, biofeedback, and
suggestions to change lifestyle, sig-
nificantly reduced postmicturition
dribble and urine loss in men with
erectile dysfunction.139 One large
trial showed a substantial benefit of
a complex floor rehabilitation pro-
gram, including patient education,
assessment of pelvic floor muscle
strength, and visualization of Kegel
pelvic floor muscle training com-
pared with regular care with reduc-
tion in severity and pad utilization

Pelvic Floor Muscle Training  

 Wille (139/NPT, 12) 

Parekh (38/SR, 12) 

Parekh (38/SR (diary), 12) 

Pelvic Floor Muscle Training � Biofeedback  
Filocamo (300/SR, 12) 

Filocamo (300/ICS, 12) 
Mathewson-Chapman (53/SR, 3)

Van Kampen (102/SR, 12) 

Van Kampen (102/VAS, 12) 
Bales (100/SR, 6) 

Franke (30/Pad free, 6) 

Filocamo (300/occasional leakage in ICS, 12) 

Filocamo (300/SR UI, 12) 

Pelvic Floor Muscle Training � Support Group
Zhang (29/SR, 3) 

Electrical Stimulation
Yokoyama (36/Pad free, 6) 

Wille (139/SR, 12) 

Wille (139/NPT, 12) 

Author (N/definition of continence, months of follow-up)  

  

�0.15 (�0.29-0.00)

0.05 (�0.19-0.30)

0.11 (�0.15-0.36)

0.11 (0.05-0.16)

0.22 (0.13-0.31) 
�0.04 (�0.14-0.06) 

0.13 (0.01-0.26) 

0.19 (0.03-0.34) 
�0.08 (�0.19-0.03) 

0.00 (�0.24-0.24) 

�0.10 (�0.18-0.02)

�0.11 (�0.16-0.05)

0.38 (0.04-0.72) 

0.00 (�0.30-0.30) 

�0.09 (�0.23-0.06) 

�0.09 (�0.22-0.05) 

36/47

16/19

16/19

148/150

134/150
26/27

48/51

44/50
44/50

13/15

 14/150

2/150

10/14

10/12

37/46

38/46

Treatment

Events,

42/46

15/19

14/19

132/150

101/150
24/24

42/52

36/52
48/50

13/15

29/150

18/150

5/15

10/12

41/46

42/46

Control

Events,Risk Difference

(95% CI)

0�0.72 0.72

*I:Favors regular care *Favors active 

Figure 3. Effects of conservative treatments on continence compared with regular care (results from randomized controlled clinical trials). RD, 
absolute risk difference; NPT, negative pad test; SR, self-reported; ICS, completely dry in International Continence Society–male questionnaire; VAS,
visual analogue scale.
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(RR of using 2 pads per day 0.1; 
95% CI, 0.01-0.7).136

Two RCTs examined medical de-
vices on UI in men (Appendix Table 2
[available at www.medreviews
.com]).140,141 One small RCT did not
show a relative benefit of a UroLume
sphincteric stent inserted cystoscopi-
cally to conventional external sphinc-
terotomy in 57 men with spinal cord
injury and electromyographic and
manometric evidence of external
detrusor–sphincter dyssynergia.140 A
second small crossover RCT compar-
ing penile compression devices in
men 6 months after radical prostatec-
tomy141 did not show differences in
resistance index and urine loss during
the 4-hour pad test compared with no
device.

Effects of Clinical Interventions 
for Urologic Diseases on UI
Effects of clinical interventions for
urologic diseases on UI142-154 were ex-
amined after treatments for prostate
cancer143-145,147-150,153,155-157 or benign
prostate diseases146,151,152,154 (Appendix
Table 2 [available at www.medreviews
.com]).

Transurethral resection of prostate
compared with watchful waiting 
(1 RCT) did not result in higher rates
of persistent UI.152 Radical prostatec-
tomy compared with watchful waiting
(1 RCT) resulted in significant in-
crease of UI of moderate or greater
severity that caused distress and af-
fected sexual life.142 Radical prostatec-
tomy compared with external beam
radiation increased risk of UI 
(1 RCT).143 Radiotherapy for prostate
cancer compared with watchful wait-
ing (1 RCT) resulted in significant
increase in UI that required use of
pads.145

Adjuvant external beam radiation
compared with radical prostatectomy
alone (1 RCT) did not increase relative
risk of UI and severe UI that would
require implantation of artificial
sphincter.153 Different doses and regi-

mens of radiotherapy resulted in the
same rates of UI (2 RCTs).144,147,148

Bladder neck preservation techniques
resulted in the same rates of UI 
(2 RCTs).144,150

Artificial urethral sphincter implan-
tation compared with macroplastique
injection above or around the striated
sphincter region of the urethra (1 RCT)
increased rates of continence.149 Dif-
ferent methods of transurethral resec-
tion of prostate (3 RCTs) resulted in
the same rate of UI.146,151,154

Patient Outcome: Continence. Uri-
nary continence was reported in
3 RCTs.144,149,153 The highest rate of uri-
nary continence (�92%) was reported
after radical retropubic prostatectomy
with bladder neck preservation.144

Artificial urethral sphincter implan-
tation and macroplastique injection in
the sphincter region of the urethra re-
sulted in continence in 80% and 91%
of patients with minimal baseline in-
continence, respectively.149 The rates
of social continence were lower and
differed substantially, depending on
baseline incontinence.149 Only 1 RCT
reported continence (77%) after com-
bined therapy of prostate cancer.153

No evidence showed a significant rel-
ative benefit of continence between
compared interventions. 

Almost all patients with benign
prostate diseases were continent
after transurethral resection of the
prostate with the thick vapor resec-
tion loop146 and transurethral resec-
tion of the prostate.154 In contrast,
Holmium laser enucleation resulted
in 50% of UI in the same population
of men with bladder outflow obstruc-
tion secondary to benign prostatic
hyperplasia.151

Patients with prostate cancer re-
ported different rates of UI depending
on the type and definition. Retropubic
radical prostatectomy and vesi-
courethral anastomosis with and
without bladder neck eversion re-
sulted in UI in more than 90% of

patients.150 The highest rate of urge UI
(44%) was shown after radiation ther-
apy with a 4-field box technique to a
dose of 70 Gy.148 The same treatment
resulted in only 7% of self-reported
stress UI in this trial.148 The lowest in-
cidence of UI among patients with
prostate cancer was reported after
supplemental beam radiation with 
I-125 (144 Gy) (1%).147

Indirect comparisons showed in-
consistent relative risks of UI after
surgical treatments and radiotherapy.
The largest relative differences were
observed in the risk of transient stress
incontinence after transurethral re-
section of the prostate compared with
electrovaporization in patients with
benign hypertrophy of the prostate
(0.1% vs 18.6%, respectively).154 The
rates of UI were substantially higher
after adjuvant hormone therapy and
surgery (300 mg of diethylstilbestrol
diphosphate per day) compared with
adjuvant hormone therapy and exter-
nal beam radiation (RR 35.5; 95%
CI, 2.2-569.3). Patients with total
baseline incontinence for more than
6 months after radical retropubic
prostatectomy, transvesical prostatec-
tomy, or transurethral prostatectomy
reported continence more often after
macroplastique injection to the
sphincter region of the urethra com-
pared with artificial urethral sphincter
implantation (RR 0.3; 95% CI, 0.1-
0.9).149 Pad utilization was higher
after radiotherapy compared with
active surveillance (RR 8.3; 95% CI,
1.1-62.6).145

Pharmacologic Treatments for UI
Pharmacologic treatments for UI in-
cluded antidepressants combined with
pelvic floor muscle training,158 mus-
carinic antagonists, and adrenergic �-
antagonists159-162 (Appendix Table 3
[available at www.medreviews .com]).
Duloxetine combined with pelvic
floor muscle training compared with
pelvic floor muscle training alone was
more effective at 16 but not 24 weeks
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of treatment158 (Figure 4). Tolterodine
alone and combined with tamsulosin
resulted in greater perception of over-
all benefit of the treatment compared
with placebo (Figure 4). Adverse
events (Appendix Table 3 [available at
www.medreviews.com]) included dry
mouth and dizziness.

Discussion
The present report confirmed the sig-
nificant diversity of interventions
used, sampling strategies and defini-
tions, and measurement of out-
comes.22,163,164 Preventive nonsurgical
interventions were examined in men
with prostate diseases but not in pa-
tients with other risk factors for in-
continence. Such studies relied
largely on patients in clinics134,135,165

and followed them for less than 
6 months,137-139 with few studies

reporting long-term outcomes.131,133,134,136

Selection criteria varied for the same
interventions. For example, some tri-
als of pelvic floor muscle rehabilita-
tion after radical prostatectomy ex-
cluded patients with prior UI136,166 or
severe UI135; others included inconti-
nent patients only.131 Pooled analysis
was questionable owing to sampling
differences in the present report and
previous systematic reviews.167,168

Applicability of observational studies
and clinical trials was restricted to the
sampled male populations and defini-
tions of incontinence. Whether the
same effects would be observed in
population-based samples requires
future research.

Despite extensive efforts to stan-
dardize the definitions of inconti-
nence,21 the original studies measured
self-reported symptoms and signs of

incontinence, severity, and quality of
life related to incontinence and objec-
tive instrumented evidence of leakage
inconsistently within and across the
studies. Prevalence and incidence es-
timates differed according to mea-
sures of length (ever, last year, last
month), type (total UI vs urge or stress
UI), severity (frequency and amount
of urine), and effects on quality of
life. Ratings of success, including im-
provement in incontinence and in
quality of life by doctors and patients,
were also different.169 Objective mea-
sures of UI demonstrated random
changes in most RCTs (the data not
shown are available in the full text of
the report: http://www.ahrq.gov/
downloads/pub/evidence/pdf/fuiad/
fuiad.pdf). The objective improvements
in selected physiologic measures
were not consistent after the same

Continence at 16 wk 

Duloxetine 40 mg � PFMT vs PFMT (112) 

Continence at 24 wk 

Duloxetine 40 mg � PFMT vs PFMT (112) 

Overall benefit of treatment 

Tolterodine ER, 4 mg vs placebo (163) 

Tolterodine ER, 4 mg vs placebo (879)

Tamsulosin, 0.4 mg vs placebo (879)

Tolterodine ER � tamsulosin vs placebo (879)

Failure to cure or improve 

Tolterodine ER, 4 mg vs placebo (879) 

Tamsulosin, 0.4 mg vs placebo (879)

Tolterodine ER �  tamsulosin vs placebo (879) 

Active Treatment vs Control Treatment (N)

0.26 (0.08-0.44)

�0.17 (�0.34-0.01)

0.17 (0.02-0.32)

0.03 (�0.06-0.12)

0.08 (�0.01-0.17)

0.17 (0.08-0.25)

�0.03 (�0.12-0.06)

�0.08 (�0.17-0.01)

�0.17 (�0.25-0.08)

Risk Difference
(95% CI)

39/50

31/50 

49/77 

136/217

146/215 

172/225

81/217 

69/215 

53/225 

Events,
Treatment

27/52

41/52 

40/86 

132/222

132/222 

132/222

90/222 

90/222 

90/222 

Events,
Control

0�0.5 0 0.5

Figure 4. Effects of pharmacologic treatments on continence compared with placebo or pelvic floor muscle training (results from randomized controlled clinical trials). PFMT,
pelvic floor muscle training; ER, extended release.
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interventions and did correlate with
self-reported continence and reduc-
tion in severity of UI.137,140,141,151,166

Other systematic reviews concluded
that the data are not sufficient to pro-
pose the invasive and costly urody-
namic testing as a measure of success
to reduce risk of incontinence.170 A
small proportion of RCTs reported the

effects of clinical intervention on im-
provements in quality of life.142,143,145

Composite outcomes, including both
self-reported changes in severity of
incontinence and physiologic para-
meters in a common scale, may offer
a better choice to measure success of
clinical interventions.171,172

Despite substantial heterogeneity
among studies, attributable benefit
for public health can be estimated
from individual RCTs. Compared with
regular care, an early pelvic floor
muscle rehabilitation program after
radical prostatectomy would result in
107 additional cases of continence per
1000 treated men (95% CI, 47-170).136

Pelvic-floor muscle exercises and
biofeedback would result in 180 addi-
tional continence cases per 1000
treated (95% CI, 23-396).131

Different treatments for prostate
diseases resulted in comparable rates
of incontinence, with higher risk for
UI after radical prostatectomy. Med-
ical devices were examined in a few
trials and failed to improve UI. Phar-
macologic treatments for overactive
bladder included an effective combi-
nation of tolterodine and tamsulosin.
We did not analyze case series that
described the experience of individual
institutions to treat UI (available at
http://www.ahrq.gov/downloads/pub/
evidence/pdf/fuiad/fuiad.pdf). Such
publications may be useful to gener-
ate hypotheses for well-designed

trials but have poor internal and ex-
ternal validity and do not provide
good evidence about comparative ef-
fectiveness of different treatments.
Ongoing trials examine the effects of
stem cells, botulinum toxin type A,
solifenacin, pelvic floor muscle train-
ing with biofeedback, and new med-
ical devices on male incontinence 

(Appendix Table 4 [available at
www.medreviews.com]).

The independent contribution of
risk factors on UI was analyzed with
adjusted ORs in cross-sectional and
retrospective cohort studies. Care
must be taken to distinguish associa-
tions from actual risks. Observational
studies cannot establish causality be-
tween comorbidities and UI. Adjusted
ORs estimated probability of having
incontinence among men with partic-
ular diseases compared with those
without such diseases. The estima-
tions are still valuable because they
identify subgroups at higher probabil-
ity of incontinence. However, multi-
variate models included different sets
of risk factors. Because causality be-
tween risk factors and incontinence
could not be determined from such
studies, and the majority of risk fac-
tors are not modifiable, we hesitated
to estimate events attributable to the
risk factors.

Policy Implications
Systematic standardized evaluation
of incidence and risk factors for in-
continence is possible using the be-
havioral risk factor surveillance sys-
tem in large nationally representative
population groups. Routinely col-
lected clinical history should include
evaluation of the risk factors, symp-
toms, and signs of incontinence. Men
with prostate diseases, poor general

health, diabetes, and physical limita-
tions should be actively treated for
incontinence. Early pelvic floor reha-
bilitation after treatments for prostate
diseases, including pelvic floor mus-
cle training, may reduce UI in men.
Preventive strategies might include
assessment and reduction of modifi-
able risk factors in early stages of
incontinence, when incontinence is
minimal and does not affect the qual-
ity of life.
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