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Abstract
Introduction and hypothesis Urinary incontinence (UI) is
common and the relationship among its subtypes complex.
Our objective was to describe the natural history and predic-
tors of the incontinence subtypes stress, urgency, and mixed,
in middle-aged and older US women. We tested our hypoth-
esis that UI subtype history predicted future occurrence, eval-
uating subtype incidence/remission over multiple time points
in a stable cohort of women.
Methods We analyzed longitudinal urinary incontinence data
in 10,572 community-dwelling women aged ≥50 in the 2004–
2010 Health and Retirement Study. Mixed, stress, and urgen-
cy incontinence prevalence (2004, 2006, 2008, 2010) and 2-
year cumulative incidence and remissions (2004–2006, 2006–
2008, 2008–2010) were estimated. Patient characteristics and
incontinence subtype status 2004–2008 were entered into a
multivariable, transition model to determine predictors for in-
continence subtype occurrence in 2010.
Results The prevalence of each subtype in this population
(median age 63–66) was 2.6–8.9 %. Subtype incidence
equaled 2.1–3.5 % and remissions for each varied between
22.3 and 48.7 %. Incontinence subtype incidence predictors

included ethnicity/race, age, body mass index, and functional
limitations. Compared with white women, black women had
decreased odds of incident stress incontinence and Hispanic
women had increased odds of stress incontinence remission.
The age range 80–90 and severe obesity predicted incident
mixed incontinence. Functional limitations predicted mixed
and urgency incontinence. The strongest predictor of inconti-
nence subtype was subtype history. The presence of the re-
spective incontinence subtypes in 2004 and 2006 strongly
predicted 2010 recurrence (odds ratio [OR] stress inconti-
nence = 30.7, urgency OR = 47.4, mixed OR = 42.1).
Conclusions Although the number of remissions was high, a
previous history of incontinence subtypes predicted recur-
rence. Incontinence status is dynamic, but tends to recur over
the longer term.

Keywords Incidence . Predictors .Mixed urinary
incontinence . Stress urinary incontinence . Urgency urinary
incontinence

Introduction

More than 20 million US women suffer from urinary inconti-
nence (UI), a costly condition that increases with age [1–4].
The numbers of longitudinal studies describing overall UI
incidence, remission, and predictors in women have increased
over the last decade, but have largely focused on UI in general
and not on incontinence subtypes, which include stress, ur-
gency, and mixed UI. Complete descriptions of UI subtypes
and predictors in older, non-institutionalized women are few
in number [5–8]. Unprecedented growth of the population
aged over 65 highlights the need to examine the natural his-
tory of incontinence in these older women [9]. We sought to
specifically address this gap in the literature and evaluated the
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natural history of UI subtypes, including stress urinary incon-
tinence (SUI), urgency urinary incontinence (UUI), and mixed
urinary incontinence (MUI) in middle-aged and older
community-dwelling women.

The optimal depiction of the natural history of UI requires
not only recognition of its subtypes, but also better character-
ization of the remission and recurrence of these subtypes over
time. Resolution of UI and its subtypes may be high in this
population [6, 10, 11], but investigators have questioned
whether the resolution is temporary or permanent [1]. Some
have suggested that in the long term, UI and/or its subtypes
tend to recur [10, 12]. To resolve these questions and provide
detailed information on specific UI subtypes we chose to use
transition models to evaluate UI subtypes over sequential in-
crements of time.

Previously, we used a robust data-set, the Health and Re-
tirement Study (HRS), to describe the occurrence and resolu-
tion of overall UI over a single 4-year period [13, 14]. For the
current publication, we utilized the same database, but con-
ducted in depth mathematical modeling (using Markov tran-
sition models) to assess the likelihood of remission and recur-
rence of UI subtypes over three consecutive, 2-year periods
[15]. The objectives of this work were to describe the preva-
lence, incidence, remission, and predictors of UI subtypes in
middle-aged and older women, and to assess the impact of UI
subtype history on the likelihood of recurrence and remission.
We hypothesized that the natural history of UI subtypes varied
in older women and that past UI subtype history could be used
to predict future continence status.

Materials and methods

Data source/study dates

Subjects were community-dwelling women in the HRS 2004–
2010. The HRS has examined older Americans’ health with
in-person, biennial interviews since 1992 and posts results on
a publically available database [13]. HRS participants are cho-
sen using multi-stage probability sampling [16]. Additional
cohorts have been added every 6 years (1998, 2004, 2010)
to maintain a steady state sample of participants. The HRS
oversamples black and Hispanic subjects, allowing sub-
group analysis of minorities and provides sampling weights
based on US Census data to adjust for oversampling [16].
Zero weights are assigned to subjects institutionalized at sur-
vey follow-up to reflect community-dwelling estimates.

Our population consisted of women aged ≥50 with incon-
tinence status information in the HRS database. We
ascertained UI subtype prevalence in these women in 2004,
2006, 2008, and 2010. Subjects for 2-year incidence/
remission analyses (2004–2006, 2006–2008, 2008–2010)
had baseline and follow-up incontinence information. UI

subtype prevalence, incidence and remission were reported
using weight-adjusted proportions. We also included overall
UI estimates to provide a context in which to interpret UI
subtype estimates. This study was granted exempt review
board status (HRRC #07-284) as all information in the HRS
public database was de-identified.

Population characteristics

We previously identified UI risk factors in an earlier HRS
population; these included age, ethnicity/race, BMI, history
of psychiatric illness (including depression), functional limi-
tations, and medical co-morbidities [14]. In the current study,
age was stratified by decade (6–10th). Ethnicity/race was cat-
egorized as white, black, Hispanic, and other. BMI groups are
noted in Table 1. We assessed functional limitations as a con-
tinuous variable (percentage of total) based on nine questions
in the HRS, also described previously [14]. Medical comor-
bidities (hypertension, diabetes, cancer, lung disease, heart
disease, arthritis, stroke) were categorized as ordinal variables
(0, 1, 2, ≥3) based on subject history [14].

Definitions

Incontinence definitions were based on questions noted in
Fig. 1. Frequency of urine loss greater than 1 day in the last
month affirmed UI. We defined UUI as affirmation of the
urgency question, SUI as affirmation of the stress question,
MUI as affirmation of both, and uncategorized UI as affirma-
tion of neither. Figure 1 also includes prevalence, incidence,
and remission definitions. Remission was defined as UI at
baseline, which resolved at the next follow-up interval and
transitions from one UI subtype to another were not consid-
ered remissions.

Computations/statistical analysis

We estimated prevalence and 2-year incidence/remission of
UI/UI subtypes. Because subjects’ ages spanned five decades,
we also estimated proportions as age-stratified data. Multino-
mial logistic regression compared UI subtypes and associa-
tions with decade. Binary logistic regression analyzed associ-
ations between UI and decade (SAS/STAT®9.3). Results were
reported as OR with 95 % CI.

We evaluated incontinence predictors and focused on in-
formation before 2010 that best predicted incontinence in
2010. This longitudinal analysis evaluated whether previous
incontinence status and patient characteristics independently
predicted 2010 incontinence. We developed a binary (present
or absent UI) model for overall UI and a multinomial model
for UI subtypes; MUI, SUI, UUI, and uncategorized. Transi-
tion models (called Markov models) were fitted using multi-
variate logistic regression. These models, as described by
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Diggle et al., assumed that subjects are in one of a limited
number of discrete states (e.g., no UI, UUI, SUI,
MUI, uncategorized), and the probabilities of transition
between states were estimated [15]. These models have
an associated Border,^ which is the number of past time
intervals employed to predict the future and the number

of significant interactions between predictors and past
states. These transition chains are characterized by a
transition matrix, which records probabilities of these
transitions from one state to the next. Transition events
(presence/absence of UI/UI subtypes) were used to gen-
erate odds of incontinence occurrence and resolution

Table 1 Population
characteristics for prevalence data Variables Prevalence

population

2004a

(N=10,572)b

Prevalence

population

2006a

(N=9,717)b

Prevalence

population

2008a

(N=8,991)b

Prevalence

population

2010a

(N=7,908)b

Decade of life

6th: 50 to <60 years 37.6 % (2,654) 33.8 % (2,009) 25.5 % (1,383) 18.1 % (771)

7th: 60 to <70 years 27.3 % (3,541) 30.1 % (3,234) 35.6 % (2,955) 40.7 % (2,652)

8th: 70 to <80 years 21.2 % (2,606) 21.1 % (2,714) 22.6 % (2,880) 24.0 % (2,870)

9th: 80 to <90 years 12.0 % (1,491) 12.7 % (1,456) 13.7 %(1,443) 14.3 % (1,301)

10th: ≥90 years 1.9 % (280) 2.2 % (304) 2.7 % (330) 3.0 % (314)

Median age

years (95 % CI)c
63.0 (62.6–63.4) 63.7 (63.3–64.1) 65.1 (64.7–65.4) 66.5 (66.1–66.9)

Ethnicity

White 80.7 % (7,783) 81.2 % (7,181) 80.9 % (6,591) 80.7 % (5,776)

Black 10.6 % (1,669) 10.2 % (1,527) 10.2 % (1,432) 10.4 % (1,272)

Hispanic 6.6 % (944) 6.6 % (849) 6.8 % (818) 6.8 % (718)

Other 2.0 % (176) 2.0 % (160) 2.0 % (150) 2.1 % (142)

Functional limitations

None 27.1 % (2,557) 25.7 % (2161) 25.5 % (2,018) 28.4 % (1,943)

1 15.7 % (1,631) 14.9 % (1401) 15.1 % (1,258) 14.3 % (1,119)

2 12.1 % (1,284) 12.3 % (1249) 11.6 % (1,087) 12.0 % (929)

3 10.2 % (1,152) 9.5 % (992) 10.9 % (1,011) 9.0 % (776)

9 1.0 % (111) 1.5 % (162) 1.3 % (130) 1.7 % (144)

Median #

(95 % CI)c
1.11 (1.07–1.15) 1.8 (1.6–1.9) 1.8 (1.7–2.0) 1.7 (1.5–1.9)

Number of medical comorbidities

0 18.3 % (1,595) 15.9 % (1,182) 14.2 % (970) 11.9 % (716)

1 28.8 % (2,855) 27.7 % (2,463) 26.1 % (2,140) 25.5 % (1,785)

2 26.8 % (2,993) 27.5 % (2,830) 28.4 % (2,668) 28.3 % (2,348)

≥3 26.1 % (3,129) 28.9 % (3,242) 31.3 % (3,213) 34.3 % (3,059)

Median #

(95%CI)c
1.7 (1.5–1.9) 1.2 (1.2–1.3) 1.3 (1.3–1.4) 1.4 (1.4–1.5)

BMI (kg/m2)

<25 38.1 % (3,861) 36.2 % (3,417) 34.6 % (3,082) 34.8 % (2,762)

≥25 to <30 32.3 % (3,374) 32.1 % (3,113) 33.1 % (2,932) 32.1 % (2,500)

≥30 to <35 17.7 % (1,874) 19.1 % (1,805) 18.9 % (1,673) 20.0 % (1,525)

≥35 11.8 % (1,221) 12.5 % (1,190) 13.4 % (1,138) 13.2 % (979)

Median BMI

(95 % CI)c
26.6 (26.5–26.7) 26.9 (26.7–27.2) 27.3 (27.1–27.5) 27.3 (27.2–27.5)

a Percentages (%) report weight-adjusted proportions. Sums of percentages that do not equal 100 are due to the
rounding off of percentages. Numbers in parentheses report unweighted raw data
bN in each category may not equal the total number of subjects because of missing data. There was <1%missing
data for all categories except BMI, with <3 %
cMedians are weight-adjusted (95 % CI of the median)
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and to indicate the effect that past states have in
predicting future states.

Using logistic regression we modeled subjects’ 2010
incontinence status controlling for the following inde-
pendent variables in 2004, 2006, and 2008: incontinence
status, age, ethnicity/race, medical co-morbidities, func-
tional limitations, BMI, psychiatric history, and associ-
ated interactions. The dependent variable was the
categories’ multinomial outcome of no UI, UUI, SUI,
MUI, and uncategorized UI. Computation was per-
formed using ProcSurveylogistic with sampling weights
from 2010 and generalized logit link in SAS®9.3. This
was a large set of predictor variables and most terms
were nonsignificant. We dropped nonsignificant terms
(p≥0.05) to arrive at a parsimonious model with the
lowest possible order.

Results

Population characteristics are noted in Table 1. For
prevalence data the number of women evaluated ranged
from 10,572 women in 2004 to 7,908 women in 2010.
Incidence data were available for 9,545–7,842 women
during these same years. For each 2-year time increment
for incidence calculations, there was missing follow-up
information on approximately 9–12 % of participants.
Most of this loss to follow-up was due to death or
institutionalization in the older groups of women, and
occurred largely in the group of woman 80 years and
older. Less than 2 % of the loss to follow-up was for
other reasons. Participants for both prevalence and inci-
dence calculations, the majority of whom were white,
had median ages between 63 and 66 years, were

Subjects were queried as follows;

Incontinence Definitions:
Urinary Incontinence: Urine loss > 1 day in the last month

Stress Urinary Incontinence: Stress question (Answered Most/Some of the time) & Urgency question (Answered 

Rarely/Don’t Know)

Urgency Urinary Incontinence: Urgency question (Answered Most/Some of the time) & Stress question

(Answered Rarely/Don’t Know)

Mixed Urinary Incontinence: Stress question (Answered Most/Some of the time) & Urgency question

(Answered Most/Some of the time)

Uncategorized Incontinence: Urgency question (Answered Rarely/Don’t Know) & Stress question

(Answered Rarely/Don’t Know)

Prevalence Definitions:
Urinary Incontinence: # women with UI/ # women with UI information

Urgency Urinary Incontinence: # women with UUI/ # women with UI information

Stress Urinary Incontinence: # women with SUI/ # women with UI information

Mixed Urinary Incontinence: # women with MUI/# women with UI information

Uncategorized Incontinence: # women with Uncategorized UI/# women with UI information

Two year Cumulative Incidence Definitions:
Urinary Incontinence: # women with UI @ 2 year follow-up/# women without UI at baseline. 

UI subtype: # women with UI subtype (UUI, SUI, MUI, Uncategorized) @ follow-up/# women 

without UI at baseline

Two Year Cumulative Remission Definitions:
Urinary Incontinence: # women with UI at baseline whose UI resolved by 2 year follow-up 

UI Subtype: # women with a specific UI subtype (UUI, SUI, MUI, Uncategorized) at baseline who 

had no UI by 2 year follow-up

“This might not be easy to talk about, but during the last 12 months, have you lost any amount of urine beyond 

your control?”

“On about how many days in the last month have you lost any urine?”

Stress Incontinence Question:

“In the last month did you leak urine 

during activities as coughing, 

sneezing, lifting or exercise?”

Urgency Incontinence Question:

“In the last month, how often did 

you leak urine with an urge to 

urinate and could not get to the 

bathroom fast enough?”

Subjects who answered ‘yes’ were asked :

Subjects who answered > 1 day in the last month were asked both of the following questions:

Answers

1. Most of the time 2.Some of the time 3.Rarely or Never 4. Don’t Know

AND

Fig. 1 Diagram of urinary
incontinence and incontinence
subtype definitions
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overweight, and had a median of 1–2 functional limita-
tions and medical co-morbidities (Table 1).

Prevalence of overall UI (defined as the presence of
any UI subtype) ranged between 19 and 26 % and
increased with age during all study periods. Using the
6th decade as a reference, the prevalence of UI in-
creased in all subsequent decades (all P<0.0001). For
example, UI occurred in 14.5–18 % of women in the
6th decade and in 39–42 % of women in the 10th
decade of life. UUI, MUI, and SUI prevalence differed
with respect to aging. UUI increased with age for all
years (P<0.0001), and this was most apparent in the
2004 data. The odds of occurrence of UUI in the 7th
decade were 2.18 (CI=1.5–3.15) compared with the 6th
decade, and by the 10th the odds of UUI increased
nine-fold (OR=9.19, CI=5.56–15.20). MUI prevalence,
consistently increased in the 8th to 10th decades (all
P≤0.005). MUI in the 7th decade did not increase rel-
ative to the 6th at all time intervals and was found to
be increased only in 2004 (P=0 .003) and 2006
(P<0.001). SUI did not increase with the decade in
any time interval (all P=0.28–0.99).

Two-year incidence/remissions are noted in Tables 2 and 3.
UI subtype transitions (e.g., resolution, persistence or change
to other UI subtypes) are noted in Fig. 2. Overall, UI incidence
ranged between 11.8 and 13.3 %, while the incidence of each
UI subtype was approximately 3 % (Table 2). UI remission
was 30.0–34.6 % and remissions of UI subtypes ranged from
22 to 48 % (Table 3). MUI had the lowest probability of
remission. Compared with MUI, the odds of SUI remission
ranged from 1.5 (CI=1.2–2.0) in 2004–2006 to 1.8 (CI=1.4–
2.3) in 2006–2008, and relative to MUI, remission of UUI
ranged from 1.5 (CI=1.1–1.9) in 2004–2006 to 1.7 (CI=
1.3–2.2) in 2006–2008.

Characteristics in the multivariate model that predict-
ed UI subtype incidence/remission included functional
limitations, race/ethnicity, age and BMI, although their
impact varied among subtypes. Increasing functional
limitations predicted MUI and UUI in a linear fashion,
whereas two limitations predicted incident UUI and
MUI (UUI OR=1.1 [CI=1.03–1.15], MUI OR=1.7
[CI=1.5–2.0]), 9 limitations predicted UUI and MUI
odds more markedly (UUI OR=3.0 [CI=1.5–6.2], MUI
OR=11.8 [CI=6.0–23.2]). Race/ethnicity, rather than
functional limitations, were more important predictors
of SUI; black women had decreased odds of incident
SUI (OR=0.5, CI=0.3–0.9) and Hispanic women had
increased odds of SUI remission (OR=7.7, CI=1.1–
53.4). Age and BMI were the only predictors for
MUI; only the 9th decade predicted incident MUI
(OR=2.8, CI=1.5–5.3), and only BMI≥35 predicted in-
creased MUI incidence (OR=1.6, CI=1.1–2.4) and de-
creased remission (OR=0.6, CI=0.4–0.9). Importantly,

the strongest predictor of UI and UI subtype incidence
and remission was previous UI and UI subtype history.
The presence of a specific subtype in 2004 and 2006,
increased odds of the recurrence of that subtype in 2010
thirty to forty-fold (Fig. 3).

Discussion

This study makes a significant contribution to the small
body of literature regarding UI subtype epidemiology in
older women. This large cohort from the HRS database
allowed for robust evaluation of UI subtype predictors.
The longitudinal analysis uniquely included incontinence
status as a variable in the regression analysis, which
both solidified and quantified the importance of incon-
tinence history in UI subtypes.

Our study showed that the 2-year incidence for each
UI subtype was approximately 3 % and remission was
22–48 %. We found that the 2-year incidence for over-
all UI, when calculated annually, was 5.9–6.7 %. This is
comparable to the 7 % incidence reported in older
women by an international review [10] and validates
our definitions and methodology.

Longitudinal studies of UI subtypes in older women
are scarce and even fewer have identified subtype pre-
dictors [5–8]. We were able to evaluate subject charac-
terist ics such as age, ethnicity/race, functional
limitations/physical disability, and BMI to asses which
of these independently predicted UI subtypes. The find-
ings differed among subtypes. UUI and MUI increased
with age, whereas SUI did not. Ethnicity/race was a
predictor of SUI, but not UUI or MUI. Previous work
has found that among young/middle-aged women black
race has been reported to be a negative predictor of SUI
[10, 17]. Our work showed similar findings in older
women. However, unlike reports in younger women
[10, 17], black race did not predict UUI in our study
cohort. The higher overall prevalence of UUI in older
women may overshadow differences in incidence attrib-
utable to race.

We also report on important findings on the relation-
ship of UI subtypes and functional limitations. The
number of functional limitations reported by participants
was a strong predictor for the development of MUI and
UUI. Women with a maximum number of limitations
had 11-fold increased odds of developing MUI. Addi-
tionally, there is currently limited information on the
importance of BMI in the prediction of UI subtype
and most reports have not focused on older populations.
Waetjen et al. reported that in middle-aged women, a
BMI increase of 5 kg/m2 was associated with a 30 %
increase in SUI and a 15 % increase in UUI [17].
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Others have also reported the association between
weight and UI subtypes in younger/middle-aged women;
one study noted that a BMI of ≥35 kg/m2 was associ-
ated with a three-fold increased incidence of SUI, a
five-fold increase in MUI, and a six-fold increase in
UUI [18]. In our study of older women, BMI was found
to predict only an increased risk of MUI. Women with
BMI ≥35 had greater odds of developing MUI, and this
remained significant after accounting for other
covariates.

The most important finding of this current work was that it
ascertained that previous UI subtype history had the greatest
effect in predicting future UI subtypes. Jackson evaluated pre-
vious overall UI history as being an incontinence predictor

using methods similar to ours [19]. That study employed tran-
sitional logistic regression analysis to evaluate overall UI over
2 years in 1,017 post-menopausal women and found that pre-
vious overall UI was the strongest incontinence predictor. Pre-
vious UI increased the odds of overall UI at follow-up by 24.7
(CI=19.5–33.2). Our study specifically evaluated UI subtypes
and did so in sequential, 2-year intervals over a longer period
of time. Utilizing all UI subtypes in a multinomial model, we
found that a repeated UI subtype history had a much
stronger effect than overall UI, increasing UI subtype
incidence 30–40 fold.

Our study quantified the degree to which inconti-
nence history increased the probability of recurrence.
We found that UI subtype status information from all

Baseline: 
NO UI

MUI 3-4%

NO UI
87-88%

UUI 3-4%

SUI 3-4%
uncat 2-3%

2 yr f/u

Baseline: UUI 
Only

No UI 
34-38%

UUI
33%

SUI 4-9%

MUI
16-20%

uncat
6-9%

2 yr f/u

Baseline: SUI 
Only

SUI
32-41%

MUI
16-23%UUI

4%

No UI
32-41%

uncat
6%

2 yr f/u

SUI 
32-41%

Baseline: 
MUI Only

SUI
11-15%

MUI
47-50%

UUI
10-11%

NO UI
22-27%

uncat 
4%

2 yr f/u 

MUI 
47-50%

Fig. 2 Urinary incontinence
status: transitions from baseline to
2-year follow-up. Transitions
from incontinence status at
baseline to 2-year follow-up
(2004–2006, 2006–2008, 2008–
2010). UI status at baseline: no
UI, UUI (UUI only without other
subtypes), SUI (SUI only without
other subtypes) or MUI (both
UUI and SUI present). UI status at
2-year follow-up: percentages of
patients in each subtype at follow-
up are expressed as the range in
percentages for each of the 2-year
follow-up periods
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three preceding time intervals (2004, 2006, 2008) im-
proved the prediction of UI subtypes in 2010 and
underscored the importance of previous incontinence
status as a predictor (Fig. 3). In particular, if the his-
tory of UI subtype was found in both 2004 and 2006
this history was most predictive of 2010 recurrence.
For example, when a specific subtype was present in
2004 and 2006, recurrence odds for that subtype in
2010 increased 30–40 fold. Subtype presence in the
immediately preceding time interval was a stronger pre-
dictor than more distant intervals; 2006 UI subtype
status was more powerful than 2004 status in
predicting 2010 subtypes.

Limitations of this study include the lack of validated ques-
tionnaires and treatment data. However, it should be noted that
questions similar to those used in the HRS have characterized
incontinence in other studies with comparable findings [7, 17,
20]. The likelihood that treatment confounds our results is also
small. Less than 20% of womenwith mild to moderate UI seek
care [10]. In the setting of SUI, surgery is chosen by only 2 %
of patients [21, 22]. Additionally, in our opinion, treatment of
UUI is unlikely to affect long-term continence; a recent meta-
analysis noted that medication achieves continence in less than
20 % of patients and is often discontinued [23].

In conclusion, this study presents a unique, longitudinal
evaluation of UI subtype epidemiology in a large,
community-dwelling population of older women. The inno-
vative models that were used demonstrate that previous incon-
tinence subtype status profoundly affects future incontinence.
Although shorter observation periods suggest that inconti-
nence status might be dynamic with high remission [6, 11,
14], over longer observation periods, incontinence has a pro-
pensity to recur. As populations age, UI will increase and a

better understanding of the incidence and remission of UI
subtypes will affect treatment and healthcare resource
planning.
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