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Abstract
Introduction and hypothesis The aim of study is to
prospectively investigate the prevalence, incidence, and
remission of urinary incontinence (UI) in a cohort of
middle-aged women.
Methods In 1997–1999, 2,229 randomly selected women
aged 41–45 agreed to participate in the Hordaland Women’s
Cohort, and six almost identical postal questionnaires were
sent them during the following 10 years. Response rate was
95.7% at inclusion and has remained 87% to 93% in
subsequent waves; 64.1% answered all six questionnaires.
UI variables include type, amount, frequency, and severity.
Results Prevalence of UI increased by age until a peak in age
group 51–52 years for any (50.3%) and significant (10.0%)
UI. There was then a decrease in prevalence caused by a
decrease in incidence and decrease in remission. Stress UI was
the major type and most UI was of low severity.
Conclusion Prevalence of any UI is high in middle-aged
women but reaches a peak followed by a decrease.

Keywords Incidence .Middle-aged women . Prevalence .

Remission . Urinary incontinence

Introduction

Urinary incontinence (UI) is a prevalent condition among
middle-aged women [1, 2]. UI is a subjective symptom that

can be presented in a variety of ways depending on type,
frequency, and amount of leakage. It can be perceived as a
part of normal life without any negative impact, or it can be
a major physical or psychological health issue. Many
factors can affect the development, progression, and
remission of UI, and together, they increase the complexity
of the natural history of UI, which is not yet fully
understood. In particular, the transitional state of meno-
pause in middle-aged women induces many hormonal
changes. Decrease in sex hormones and other aging
processes, together with predisposing and preexisting risk
factors, induce changes in the urinary tract, vagina, and
pelvis, and women become more susceptible to the
development of bladder storage symptoms like urinary
frequency, urgency, and stress incontinence [3–6].

Generally, the prevalence of UI increases steadily with
age, especially there is an increasing proportion of urgency
UI, but detailed analyses of the prevalence curve or the
development patterns are scarce. Reviews have revealed an
intriguing pattern of an increasing prevalence by age
reaching an early peak in midlife and then, after a slight
decrease, a further steady increase among the elderly [2, 7, 8].
This understanding is based on a few large high-quality
cross-sectional studies [9–11]. For example, the Norwegian
EPINCONT study found a peak prevalence of 27.1% in the
age group 50–54 years, then a decrease to 22.4% among
women aged 60–64 years, and then a further increase to a
maximum of 29.9% among women 80–84 years of age.

Principally a decrease in prevalence can be due to
treatment of UI patients, remission of existing UI, or
decreased incidence. The latter can be due to several
mechanisms and factors: a true biological effect, a reduced
magnitude, or level of precipitating factors (e.g., sports or
physical activity). An increased acceptance of existing
symptoms as nonsignificant or also an age-dependent
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change in how women respond to surveys can also change
the incidence or remission rate. So far, there are no studies
scrutinizing reason(s) of this change. Most epidemiolog-
ical surveys are cross-sectional and use a wide age-span
like a decade or half-decade and do not correlate to
important risk factors that may change in perimenopausal
phase of life.

In middle-aged women, information on incidence of UI
is rather small and has been derived mainly from cohorts
with either few follow-ups (mostly one) or rather long
interval(s) between data recordings. There is often a limited
description of the type and severity for incident cases [12–
15]. The amount of information regarding remission of UI
is even smaller [13, 15–19], and rates of remission vary
considerably across the few studies that have investigated
them [2, 13, 16].

The aim of this study was to investigate the prevalence,
incidence, and remission patterns of UI in middle-aged
women including type and severity, using a prospective
cohort design. We especially wanted to search for a
possible prevalence peak, using information from the
same group of women during several waves of data
recording. If such a peak was found, we wanted to
determine how it was influenced by changes in incidence
and remission rates.

Materials and methods

In order to analyze details of the natural history of UI in
middle-aged women, data from a prospective cohort study
with several follow-ups and detailed information about UI
were used.

The Hordaland women’s cohort

The Cohort was established in 1997 based on the Horda-
land Health Study (HUSK). From the HUSK female source
population aged 40–44 (N=14,349), a random sample of
one fifth (N=3,453) was selected for participation. Two
thousand, three hundred thirty-one (67.5%) of the selected
women met at the screening station, and after oral and
written information, 2,230 (95.7%) consented to take part
in the study. Postal questionnaires, which were identical for
the UI part each time, have been sent to participants of the
Cohort every second year. Repeated questionnaire mailings
to nonresponders ensure maximum follow-up, which
remains 87% to 93% in the different waves of data
collection. In 2008, the Cohort reached to the tenth year
of follow up with six waves included. The age range of the
participants was 41–45 in the first and 51–55 in the sixth
wave of the Cohort. Details of the Cohort’s methodology
have been published separately [20].

Respondents included in the analysis

In order to analyze the prevalence curve of UI, we first used
all data from the Cohort over a time period of 10 years. The
age span was 41–55 years, but for power reasons, we
analyzed the data by eight age groups (age span of 2 years
in first seven groups and age 55 solely in the last one). We
refer to these data as the first dataset. In the second step, for
more detailed analysis, only women with complete datasets
over the 10-year period were included; women who died,
withdrawn, or did not answer one or more of the
questionnaires were excluded. We refer to these data as
the second dataset. Each woman could thus contribute to
the datasets more than once depending on their age in
different waves, but only once in each age group. Finally,
we analyzed the group of 55-year-old women in the three
last data collections on a one to one basis, so changes
among the identical group of women could be shown.

UI variables

Types of UI were determined by questions about specific
urinary symptoms [20]. If the woman answered “yes” on the
question about loss of urine when coughing, sneezing,
laughing, or lifting heavy items, a “stress” component was
defined. If the woman answered “yes” on the question about
leakage accompanied by sudden compelling desire to void,
an urgency component was defined. If answering “yes” on
both questions, mixed incontinence was defined. If the
woman had answered “yes” on the question: “Do you have
urinary leakage in other situations?” the leakage was defined
as “other” type of UI; the same was done if the women
answered “no” to both questions about leakage situation.

Frequency of UI was assessed by the question; “How often
you have urinary leakage?” with five response categories
(never, less than once a month, once or more than once a
month, once or more than once a week, or every day/night).
Amount of leakage was assessed by the question; “Howmuch
urine do you leak each time?” with four response categories
(none, drops or little, small splashes, or larger amounts).

An incontinence severity index (ISI) developed by
Sandvik et al. was used to characterize the severity of
incontinence. ISI is based on information about frequency
[0–4] and amount of leakage [0–3]. By multiplying the
values of these two questions, an index value [0–12] is found.
This index value is further categorized into a severity index
with four levels: slight [1, 2], moderate [3–6], severe [8, 9] and
very severe [12] UI. “Very severe” denotes leakage of large
amounts every day and/or night, and because of the small
percentage with this grade, we combined the “very severe”
and “severe” groups into one group for the analyses.

In the analyses, “continent” was defined as ISI equal to
zero. All other women were defined as having “any UI”
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and categorized by ISI. Each woman’s indication of impact
of UI was dichotomized to two levels: minor problem (no
problem/a small nuisance) or bothersome (some to much
bothered). Women with moderate and severe incontinence
(ISI≥3) and who stated their UI to be bothersome were
defined as having significant UI. The term “nonsignificant”
UI was used for the rest.

Prevalence, incidence, and remission

Prevalence of any UI was calculated as the number of women
reporting incontinence in each age group divided by the total
number of women in the same age group. The prevalence of
significant UI was calculated in the same way.

Two-year incidence of UI was calculated by dividing the
number of new-onset incontinence by the number of
“women at risk.” All continent women in one age group
were defined as “at risk” for the next group. A 10-year
incidence for any UI was calculated, and corresponding
average incidence per year was calculated by dividing this
number by 10.

Remission was defined as a change from “any UI” to
“continent” after 2 years. We also calculated changes from
significant to nonsignificant UI.

Ethics and approvals

The Norwegian Data Inspectorate and Regional Committee
for Medical Research Ethics approved the Cohort. All
personnel and staff involved in the Cohort are bound by an
oath of confidentiality.

Statistics

All data are descriptive and presented as percentages.
Prevalence estimates and 95% confidence intervals (CI)
and differences between proportions for 95% CI were
calculated. Fisher’s test was used to estimate a two-tailed p
value. Statistical analyses were conducted using the SPSS,
version 16.

Results

The first dataset consisted of a total of 13,058 question-
naires answered during 10 years, in six different waves of
the Cohort. Any UI was reported 5,246 times (40.2%),
while significant UI was reported 960 times (7.3%).

A total of 1,430 (64.1%) women answered all six
questionnaires, and this gave us 8,580 complete data record-
ings for the second dataset. In the overall age range of 41–
55 years, 46.6% reported any UI. In the same age range, 8.0%
had significant UI. Themean age of all womenwas 47.8 years,

48.1 for women with any UI, 48.6 years for women with
significant UI, and 47.6 years for continent women.

Prevalence of UI

Figure 1 shows the prevalence of UI in the eight age groups
including all women who participated in one or more waves
(the first dataset). For any UI, the prevalence increased by
age up to the sixth age group (51 to 52 years) and then
decreased in the next two age groups. The fifth age group
showed a small peak for significant UI, and then the
prevalence decreased slightly. Relative increase in prevalence
rate from the first age group to the peak was 34% (p<0.001)
for any UI and 105% (p<0.001) for significant UI. The
relative decrease in prevalence from the peak value to the

Fig. 1 Prevalence of “any” and “significant” UI by age groups for all
women

Fig. 2 Prevalence of “any” and “significant” UI by age groups for
women with complete data set
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last (55 years old) group is 10% and 12% for any and
significant UI, respectively.

Since the last age group only contains women who were
55 years old in the sixth wave, we analyzed their pattern of
change in prevalence separately. For any UI, the prevalence
increased up to 49.3% in the fourth wave while they were
51 years old and then decreased to 46.5% at age 53 and
44.5% at age 55 (p=0.29). The pattern is thus similar to the
total group.

Figure 2 shows the prevalence of UI for the second
dataset (women with complete data). For both any and
significant UI, the prevalence increased by age up to the
sixth age group and then decreased in the seventh and
eighth age group. Relative increase in prevalence rate from
the first age group to the peak was 29% (p<0.001) for any
and 122% (p<0.001) for significant UI. The relative
decrease in prevalence from the peak value to the last
(55 years old) group is 13% (p=0.10) and 5% (p=0.93) for
any and significant UI, respectively. The proportion of
significant UI increased from 12% in the youngest age
group to 22% in the oldest (p=0.03). Analyses of the oldest
group only showed a prevalence peak of 51.3% when they
were 49 years old and then reduced to 43.9% when aged
55 years (absolute reduction of 7.4%, relative reduction of
14.4%, p=0.18).

Analyses of type distributions were performed using the
second dataset. Among women with any UI in all ages,
42.6%, 12.3%, and 36.0% had stress, urgency, and mixed
symptoms, respectively, while type distribution among
women with significant UI was 25.5%, 8.4%, and 61.7%.
Unclassified types of UI were found to be 8.1% for any UI
and 4.2% for significant UI. Table 1 shows the distributions
of any UI by type and severity for the eight age groups in
the second dataset. For any UI, stress symptom is the most
frequent type for all age groups, except the last. The
proportion of mixed UI increases by age and becomes the
most frequent type in the last age groups. The proportion of
urgency symptoms and “other” types of UI varies only
slightly between age groups, with absolute levels of about
10–15% and 6–10%, respectively. A stress component
(stress and mixed symptoms combined) is thus present in
75–80% of the incontinent women, relatively stable over
this age span.

For significant UI, mixed symptom was the most
prevalent type for all age groups (data not shown), with a
maximum proportion of 69.2% in the sixth age group,
while stress UI had a maximum in the third age group
(36.1%).

Distribution of severity groups by age groups is also
shown in Table 1. A majority of women with UI has slight
UI; this proportion decreases by age, however, while the
proportion of moderate UI remains relatively stable around
a third throughout the age span. Severe/very severe UI T

ab
le

1
D
is
tr
ib
ut
io
n
of

ty
pe

an
d
se
ve
ri
ty

of
an
y
ur
in
ar
y
in
co
nt
in
en
ce

by
ag
e
gr
ou

ps

A
ge

gr
ou

ps
(y
ea
r)

T
yp

e
S
ev
er
ity

S
tr
es
s

U
rg
en
cy

M
ix
ed

O
th
er

S
lig

ht
M
od

er
at
e

S
ev
er
e/
V
S

41
–4
2

38
.0

(3
1.
7–

44
.5
)

16
.9

(1
2.
4–
22

.3
)

32
.6

(2
6.
8–
38

.9
)

12
.4

(8
.5
–1
7.
2)

63
.2

(5
7.
0–

69
.0
)

32
.2

(2
6.
7–
38

.4
)

4.
5
(2
.6
–8

.0
)

43
–4
4

45
.0

(4
0.
6–

49
.4
)

11
.2

(8
.6
–1
4.
3)

35
.5

(3
1.
3–
39

.8
)

8.
3
(6
.0
–1
1.
0)

63
.5

(5
9.
2–

67
.6
)

33
.3

(2
9.
4–
37

.5
)

3.
2
(2
.0
–5

.1
)

45
–4
6

46
.7

(4
2.
6–

47
.9
)

9.
6
(7
.4
–1
2.
1)

34
.2

(3
0.
5–
37

.9
)

9.
6
(7
.4
–1
2.
2)

66
.3

(6
0.
1–

67
.4
)

28
.9

(2
5.
5–
32

.5
)

4.
8
(3
.4
–6

.7
)

47
–4
8

45
.5

(4
1.
8–

49
–3

)
12

.6
(1
0.
1–
15

.3
)

33
.7

(3
0.
2–
37

–3
)

8.
2
(6
.3
–1
0.
5)

62
.9

(5
9.
2–

66
.4
)

32
.4

(2
9.
0–
35

.9
)

4.
8
(3
.4
–6

.6
)

49
–5
0

42
.1

(3
8.
4–

45
.8
)

11
.3

(9
.1
–1
3.
9)

38
.8

(3
5.
2–
42

.5
)

7.
3
(5
.5
–9
.5
)

61
.6

(5
7.
9–

65
.1
)

32
.5

(2
9.
1–
36

.0
)

5.
9
(4
.4
–7

.9
)

51
–5
2

38
.8

(3
5.
2–

42
.5
)

14
.3

(1
1.
8–

17
.1
)

35
.5

(3
1.
6 –
38

.7
)

7.
2
(5
.5
–9
.4
)

60
.4

(5
6.
7–

63
–9

)
33

.8
(3
0.
4–
37

.3
)

5.
8
(4
.4
–7

.8
)

53
–5
4

40
.6

(3
5.
8–

45
.5
)

13
.6

(1
0.
6–
17

.3
)

39
.8

(3
5.
1–
44

.7
)

6.
0
(4
.1
–8
.6
)

58
.6

(5
3.
7–

63
.3
)

33
.8

(2
9.
3–
38

.5
)

7.
7
(5
.5
–1

0.
7)

55
33

.7
(2
4.
5–

44
.4
)

10
.8

(5
.8
–1
9–

3)
49

.4
(3
8.
9–
59

.5
)

6.
0
(2
.6
–1
3.
4)

57
.8

(4
7.
1–

67
.9
)

31
.3

(2
2.
4–
41

.9
)

10
.8

(5
.8
–1

9.
3)

D
at
a
gi
ve
n
as

%
(9
5%

C
I)

1226 Int Urogynecol J (2010) 21:1223–1229



increased by age from less than 5% in the youngest to more
than 10% in the eldest age group (p=0.06).

Incident UI and remissions

Figure 3 shows the 2-year incidence and remission of any
UI by age groups in the second dataset. The patterns for
incidence and remission of any UI are very similar up to the
sixth age group, then the curves markedly separated as
incidence decreases and remission increases for the seventh
and eighth age groups. For the cohort as a whole, the
absolute number of women with new onset UI is larger than
the number of women with remission for the first five age
groups, while for the seventh and eighth age groups,
remission is higher than incidence also in absolute numbers
(data not shown on figure).

For significant UI, there is a rather stable incidence rate
around 3.5–4.5% for each age group (Table 2). The
remission rate is stable around 30% until the two oldest
age groups, where a marked increase to more than 40% is
found, although not statistically significant (p=0.08).

At start, 61.4% (n=878) of 1,430 women were continent
and defined as women at risk. After 10 years, 48.9% (n=429)
of them had symptoms of any UI. The overall 10-year
incidence of any UI thus corresponds to an average incidence

of 4.9% per year for women aged 41–55 years, when first
and final data collection were used for the calculation.

Discussion

This 10-year prospective follow-up study with six waves of
data collection confirms that the point prevalence of both
any and significant UI in middle-aged women steadily
increases by age until it reaches a peak in the age groups of
49–52 years. There is then a decrease in prevalence for both
groups. This pattern is found when all women in the cohort
are analyzed and also when only those with complete data
recordings are included. The cohort design reveals that the
decrease is caused both by a decrease in incidence and an
increase in remission. Symptoms of stress UI are the major
type, and most UI is of low severity, although increasing
over the observation period.

Strengths and limitations of the study

The Cohort represents a relatively large random sample of
about 15% of the total population of women born between
1953 and 1957 in the county of Hordaland, Norway. The
overall recruitment rate was very high (96%), the later
response rates very satisfactory, and with a minimal number
of dropouts. Almost 65% of the women participated with
complete datasets in all the six waves of data collections
used in the present report. Together with the cohort’s rather
narrow age span, short intervals between the waves, and
studying the same women with the same measures, we are
allowed to study details of changes in the epidemiology of
UI during this decade of women’s life, at a level not usually
found in follow up studies of UI. We have an extensive
number of variables, and we mostly use validated ques-
tionnaires or questions used in previous research, so results
can be compared between studies [9, 20, 21]. The
incontinence case definition is in accordance with the new
definition of the ICS [22].

Even though more than 2,000 women included, statisti-
cal power was a problem during analyses due to small
sample size for some subgroups, thus increasing the risk of
Type II errors. Analyses including only women who
contributed in all six waves may have favored women

Fig. 3 Two-year incidence and remission of any UI by age groups

Table 2 Incidence and remission of “significant” urinary incontinence by age groups

Age groups (year) 43–44 45–46 47–48 49–50 51–52 53–54 55

Incidence (%) 21/590 (3.6) 48/1172 (4.1) 46/1316 (3.5) 57/1302 (4.4) 46/1279 (3.6) 27/882 (3.1) 8/169 (4.7)

Remission (%) 8/28 (28.6) 18/65 (27.7) 35/108 (32.4) 37/120 (30.8) 43/139 (30.9) 42/101(41.6) 8/18 (44.4)

Data given as proportions and (%)
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especially interested or generally more concerned about
their health status, potentially increasing the prevalence of
UI. We have, however, no indication that the inclination to
respond is somehow linked to type or severity distribution
of UI and thus reducing the generalizability of our results.
A more detailed analysis of the small differences between
the source and cohort populations is found in a previous
publication [20].

Prevalence, incidence, and remission

Despite the fact that we somewhat limited the definition of
any UI by using Sandvik index, the prevalence of any UI
was high and steadily increased from the first to the sixth
age group. Other studies have found peak prevalence at age
50–55 years [9, 11] and 50–59 years [10], but with different
prevalence levels (27–60%), probably partly depending on
the definition of UI and the age categorization [23]. Over
the 10-year period, we found a relative increase in
prevalence of about 30% for any UI and more than a
doubling of significant UI. The high prevalence of mixed
UI could be due to confounding factors such as severity of
UI, and there is, therefore, a need for further investigations
of this issue.

Our definition for significant UI was the same as used in
EPINCONT study, which reported 7% significant UI,
similar to our result (8%). The pattern and peak for
significant UI was also similar. There is, however, no
general agreement upon criteria for what might be called
significant UI, and most studies using this term are more
clinical series than epidemiological surveys. Our definition
for significant UI is rather strict and may include most
women that should be denoted potential patients.

Probably due to lack of statistical power, the reduction in
prevalence of UI in women aged 53+ was not statistically
significant. But similar trends were found in all our
analyses, and we, therefore, acknowledge this decrease as
a real epidemiological effect. The eventual biological
mechanisms behind this pattern are not known. We have
found, however, the decrease is due to a combined effect of
decreased incidence and increased remission rates, with the
latter surpassing incidence both in relative and absolute
numbers in the two oldest age groups.

We found a relatively stable incidence rate until the peak
prevalence value. Previous studies have generally reported
incidence estimates close to ours [13, 24, 25], while the
decrease in incidence rate has not been published before.
Also, our overall remission rate fits well with previous
literature [13, 15, 18, 26], again with no previous
documentation of the significant increase for women aged
53+. Our data confirm earlier concepts of UI being a
dynamic condition, with many women shifting from a state
of incontinence to continence and vice versa [13, 27].

Severity and type

Over the observation period, we saw a shift in both type
and severity distributions. Mixed symptoms and severe/
very severe grade of UI increased, as found in other studies
[7, 9, 28, 29]. It is unresolved how the natural history of
type and severity is linked [12, 30], and this topic should be
further investigated.

Conclusion

By detailed analyses of data from a prospective cohort, we
have been able to show how prevalence and incidence
patterns of UI change in middle-aged women. The
mechanisms behind the decreased incidence, increased
remission, and thus the reduction in prevalence are not
known, and dimensions like physiological changes, treat-
ment effects, and explanations associated with epidemio-
logical methodology should be further investigated.
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