Ebbesen et al. BMIC Urology 2013, 13:27

http://www.biomedcentral.com/1471-2490/13/27
p BMC

Urology

RESEARCH ARTICLE Open Access

Prevalence, incidence and remission of urinary
incontinence in women: longitudinal data from
the Norwegian HUNT study (EPINCONT)

Marit Helen Ebbesen', Steinar Hunskaar', Guri Rortveit'* and Yngvild Skaatun Hannestad'

Abstract

Background: To determine incidence and remission of Ul as well as changes in Ul prevalence in the Norwegian
EPINCONT surveys.

Methods: The EPINCONT surveys were conducted in the county of Nord-Trendelag, Norway, as part of two large
cross-sectional health surveys (HUNT2 and HUNT3) in 1995 — 1997 (EPINCONT1 (E1)), and 2006 — 2008 (EPINCONT2
(E2)). EPINCONT collected information about prevalence of U, as well as information about type and severity of Ul.

Results: A 16% relative increase in Ul prevalence was found in 11 years. The women who answered E2 were
significantly older, had a higher BMI and higher prevalence of diseases such as asthma, diabetes and angina
compared with the women who answered E1.

The incidence of Ul was 18.7%. Increase in BMI (OR 1.03, 95% Cl: 1.02 — 1.04), weight increase (OR 1.29 (95% Cl: 1.14
- 1.45) for gaining 3 — 10 kilos and OR 1.71 (95% Cl: 1.47 — 1.99) for gaining 10 kilos or more) and parity (OR 1.37
(95% Cl: 1.04 — 1.79) for 1 childbirth, OR 1.28 (95% Cl: 1.03 — 1.61) for 2 childbirths, and OR 1.56 (95% Cl: 1.26 — 1.95)
for 3 or more childbirths when participating in E2) were all found to be associated with increased odds of incident
Ul in adjusted regression analyses. Increasing age reduced the odds of incident Ul. The 11 year remission of Ul was
34.1%. Increasing age (OR 0.98, 95% Cl: 0.98 — 0.99), increasing BMI (OR 0.96, 95% Cl: 0.95 — 0.98) and large weight
gains of 10 kilos or more (OR 0.69, 95% Cl: 0.54 — 0.88) were all associated with reduced remission of Ul.

Conclusion: Crude Ul prevalence increased between the studies. Changes in known risk factors for Ul such as age,

HUNT

BMI, weight and parity could explain some of the relative increase in prevalence, and were also found to be
associated with either incidence of Ul, remission of Ul or both.

Keywords: Prevalence, Incidence, Remission, Urinary incontinence, Diabetes, Women, Epidemiology, EPINCONT,

Background

There are abundant studies on prevalence of urinary in-
continence (UI), and a large prevalence span has been
reported [1]. Few cohort studies have reported change in
prevalence [2-4], and repeated cross- sectional studies
based on entire adult female populations (20+) are to
the best of our knowledge scarce [5]. Studies reporting
incidence of UI are increasing in number, and a recent
review of studies on overactive bladder and UI found
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annual incidence rates between 0.9 and 19% [6]. Differ-
ences in study design [7-9], definitions used [2,10] and
interval between studies [3,11] could possibly explain
some of the large variation.

The Norwegian HUNT study (The Nord-Trendelag
Health Study) can provide useful information about
changes in UI prevalence as well as incidence and remis-
sion of Ul in large adult female populations, since all
women aged 20 years or older in a Norwegian county
were invited to participate at two different points in time
(1995 - 1997 and 2006 - 2008). The UI part of HUNT,
the EPINCONT substudy (Epidemiology of Incontinence
in the County of Nord-Trgndelag) was included on both
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occasions. The EPINCONT surveys use validated ques-
tions to determine severity of UI [12,13] as well as
definitions of UI in concordance with the recent recom-
mendations from the International Continence Society
(ICS) [14]. As EPINCONT is part of a large prospective
general health study extensive information about other
health and life style topics is provided. This provides op-
portunities for assessing predictors for change in UI
prevalence, incidence and remission of UI, as well as
clarifying the roles of known or less determined risk fac-
tors for U, such as diabetes.

The current article presents prevalence as well as inci-
dence and remission data on UI in the Norwegian
EPINCONT population, with two data points approxi-
mately 11 years apart. We also investigate associations
with some known risk factors for Ul such as age, BMI,
parity and diabetes, and discuss their possible influence
on the changes found.

Methods

The Norwegian HUNT study was performed in the
county of Nord-Trendelag at three different occasions,
baseline in 1984 - 1986 (HUNT1), and two follow up
surveys in 1995 -1997 (HUNT?2, baseline for EPINCONT)
and 2006 - 2008 (HUNTS3). The incontinence part
(EPINCONT) was first introduced in the HUNT2 survey
(1995 - 1997, EPINCONT1 (E1)), with follow up ques-
tions in HUNT3 (2006 - 2008, EPINCONT2 (E2)). Every-
one living in the county aged 20 years or older was invited
by mail to participate. Along with the invitation was
Questionnaire 1 (Q1). Screening stations were set up on
different locations in the county, and those who chose to
participate were to bring Q1 with them to one of these
screening stations. At the screening station the partici-
pants underwent some clinical examinations, and add-
itional information was gathered by interviewing the
participants as well as providing everyone with Question-
naire 2 (Q2), which should be filled in at home and then
returned by mail in a prepaid envelope. The EPINCONT
part was included in Q2. Those answering affirmative to
some specific questions in Q1 also received Questionnaire
3 (Q3) to collect depth information on that specific topic,
e.g. diabetes. Some of the information collected by ques-
tionnaires in HUNT2 was collected by interviews at the
screening stations in HUNT3, e.g. parity.

The EPINCONT part consisted of the same questions
on both occasions. The women first answered yes or no to
the entry question “Do you have involuntary loss of
urine”? Severity of Ul was then determined by asking the
women about amount (3 levels) and frequency (4 levels)
of leakage. Amount and frequency were multiplied and
Sandvik’s Severity index calculated in order to classify the
women as having slight, moderate, severe or very severe
UI [13]. Due to a technical error the question about
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amount of leakage only contained two levels in approxi-
mately 25% of the questionnaires in the E1 survey, and
hence these women are missing on the 4-level Severity
index analyses. Information about type, duration, impact
of Ul and help seeking due to UI were also collected [15].
Women participating in E2 also answered a question
about treatment of UL

The women were defined as incontinent if they an-
swered affirmatively to the entry question about any invol-
untary leakage of urine. Those who answered no to this
question or had a missing answer were still included as in-
continent if they provided answers to the questions about
type, frequency and amount of leakage (all three had to be
answered), in accordance with the definitions used in pre-
vious publications from the E1 survey [15]. Incidence of
UI was defined as having no Ul in E1 and having Ul in E2,
whilst remission of Ul was defined as having UI in E1 but
not in E2. Average yearly incidence and remission of Ul
were calculated to compare the results from EPINCONT
to existing literature. Average yearly incidence/remission
of Ul was determined by dividing the incidence/remission
by the years passed between surveys.

For the crude prevalence analyses, women answering
E1l or E2 were analysed separately (Tables 1, 2 and 3),
whilst in the analyses of incidence and remission of UI
longitudinal data was used; hence only women who par-
ticipated in both EPINCONT surveys were included in
these analyses. Analyses presented in Tables 2, 3, 4 and
5 are limited to the women who had given a valid an-
swer to the incontinence questions in one or both of the
EPINCONT surveys.The women were analysed in 5 -
year age groups with regards to crude prevalence of any
UI as well as analyses on type and severity of UL For
analyses of incidence and remission (Table 4) the women
were divided into 3 groups 20 - 39, 40 - 54, 55+ years of
age (age when participating in E1 was used). Known risk
factors for UI such as age, BMI and parity were adjusted
for in the multivariate regression analyses. Based on pre-
vious publications [16] and preliminary analyses smok-
ing was also included amongst the adjustment variables
(Table 5). Age, BMI and smoking status were obtained
from the E1 survey whilst parity was obtained from E2,
hence age, BMI and smoking status could be investi-
gated as possible risk factors for incidence and remission
of UL Parity (E2) and weightchange could have occurred
after incidence/remission of UI, so it is only possible to
investigate associations between these variables and inci-
dence/remission of UL Diabetes was investigated separ-
ately as a risk factor for incidence and remission of UI,
but was not included in the final regression model.

A new category was added to the smoking variable in
HUNTS3 compared with HUNT2; -smoking occasionally.
Those who reported smoking occasionally were included
as current smokers in all analyses.
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Table 1 Participation rates for the HUNT and EPINCONT surveys
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HUNT2 HUNT3 Both HUNT2 and HUNT3

N % N % N %
Women invited to HUNT 47177 100.0 47 415 100.0 35 263 100.0
Answered Q1 34 662 735 27 758 585 20 465 580
Attended screening (source population EPINCONT) 34 548 732 27 691 584 20417 57.8
Answered EPINCONT® 27 992 81.0 21 804 787 14 606 715

2 Percentage of source population.

Ethics

The main study had ethical recommendation from both
the Regional and National Ethics Review Boards. Attend-
ance was completely voluntary and subjects gave and ex-
tensive written consent to use of the collected material.
The survey was also approved by the Norwegian Data
Inspectorate.

Statistics

Data were analysed using PASW Statistics version 18.0.
Statistical significance was accepted at a 5% level (p <
0.05). Age and BMI of the participants in E1 and E2
were presented as means with Standard Deviations (SD).

Chi - square tests were used to compare characteris-
tics of the women who had participated in E1, E2 or
both. Mean age and BMI in E1 and E2 were compared
with t — tests.

Logistic regression analyses were performed with inci-
dence or remission as dependent variables. Women who
were continent and women who were incontinent on
both occasions were used as reference categories for in-
cidence and remission of Ul respectively. Among the ad-
justment variables age and BMI were used as continuous
variables. The rest of the adjustment variables were
treated as categorical and the following reference values
were used: nulliparous women, weight change between -
3 /+3 kilos and no smoking. Odds ratios (ORs) with cor-
responding 95% confidence intervals (CI) were the effect
measures.

Results and discussion

Results

Table 1 displays participation rates for the two HUNT
surveys as well as the EPINCONT parts, E1 (1995-1997)
and E2 (2006-2008). Most women who attended the
screening stations and received Q2 (containing the
EPINCONT questions) chose to participate and thus re-
sponse rates were close to 80% in both EPINCONT
surveys.

Approximately 11 years after the E1 survey the crude Ul
prevalence had increased significantly from 25.0% (N =7
008) in E1 to 29.0% (N =6 332) in E2 (p<0.001). The
women who participated in E2 were older, with a mean
age of 53.0 years (+ 15.9 SD) compared with 49.3 years (+

17.1 SD) in E1 (p <0.001). The mean age of the women
participating in both surveys was 57.6 (+ 13.2 SD) years of
age. A rise in mean BMI was found, from 26.21 (+ 4.54
SD) in E1 to 26.96 (+ 4.84 SD) in E2 (p < 0.001). The mean
BMI for women who attended both studies was 27.19 (+
4.73 SD).

Figure 1 shows crude UI prevalence in 5-year age
groups. In E1 a peak was observed in the group 50 —
54 years of age, the peak was followed by a decline and
around 62 years of age the prevalence started to increase
again. A similar pattern was observed among partici-
pants in E2, but the overall prevalence was higher, the
peak occurred at a younger age, and the decline in E2
came at the age of the peak in E1.

Table 2 displays characteristics of the women partici-
pating in E1, E2 as well as the women who participated
in both surveys. The women who participated in E2
were significantly older, had a higher BMI as well as
more overweight and obesity, and they consumed more
alcohol compared with the women in E1. Other statisti-
cally significant differences were more asthma, chronic
cough, diabetes and stroke in the participants in E2, they
also had less angina, fewer hysterectomies, while nul-
liparous women were more common in E1. The women
who participated in both EPINCONT surveys, had even
more overweight and obesity as measured by BMI, they
smoked less and consumed more alcohol compared with
all the E2 women. They also had a higher prevalence of
angina, heart attack, stroke and diabetes compared with
all the E2 women, while fewer of them were nulliparous.

Prevalence of any UI, type of UI and severity of UI in
5 - year age groups are presented in Table 3 for the E1
and E2 women. The women in E2 had higher prevalence
of UI in all age groups except for the groups 50 — 54
and 75 - 79 years of age (see also Figure 1). The differ-
ences in prevalence of any Ul were statistically signifi-
cant in most age groups. Stress Ul was overall the most
prevalent type of Ul in both E1 and E2, followed by
mixed, urgency and other UL Mixed Ul became the
most prevalent type of Ul after 60 years of age in both
El and E2. The type distribution among E1 and E2
women was relatively similar, but was significantly differ-
ent in the age groups 45 - 59, 65 - 69 and 75 - 79 years,
with less stress Ul among E2 women compared with the
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Table 2 Characteristics of the women participating in EPINCONT1 (E1, 1995 - 1997), EPINCONT2 (E2, 2006 - 2008) and
both EPINCONT surveys

E1 E2 p° E1 and E2° pe
Participants® N =27 992 N=21 804 N =14 606
N % N % N %

Age distribution (years) <0.001 <0.001

20-34 6 630 23.7 3113 143 494 34

35-49 8 671 31.0 6132 28.1 3967 27.2

50 - 64 6 589 235 7 352 337 5910 405

65 + 6101 218 5207 239 4235 290
BMI <0.001 <0.001

Underweight (< 184) 267 1.0 182 0.8 89 0.6

Normal (18.5 — 24.9) 12 169 43.8 8212 378 5095 35.0

Overweight (25.0 - 29.9) 10 301 37.1 8260 380 5839 40.1

Obese (= 30) 5028 18.1 5072 233 3538 24.3
Self-perceived health status 0.038 <0.001

Bad 449 16 274 13 176 1.2

Not entirely good 7312 26.3 5569 264 4 007 284

Good 15 488 558 11 834 56.1 7 935 56.2

Excellent 4 505 16.2 3424 16.2 2 006 14.2
Smoking 0.095 0.009

Not smoking 19 651 71.2 15 273 714 10 395 731

Smoking 7952 288 5975 28.1 3818 269
Glasses alcohol last 2 weeks <0.001 0.016

0 7002 340 5947 323 3805 309

1-4 11 425 555 9421 51.2 6 356 516

>5 2160 105 3047 16.5 2147 174
Parity <0.001 <0.001

0 3931 14.2 2633 12.1 895 6.1

1 3229 1.7 2 090 96 1150 79

2 8 951 323 7 633 35.1 5 446 37.3

3+ 11595 419 9415 432 7101 487
Hysterectomy 1773 134 2 040 10.6 <0.001 1574 11.2 0.111
Asthma 2390 86 2318 106 <0.001 1534 105 0.694
Chronic cough 829 30 881 4.1 <0.001 605 42 0.615
Diabetes 739 26 816 3.7 <0.001 613 42 0.029
Angina 979 35 534 24 <0.001 415 2.8 0.021
Heart attack 415 1.5 327 1.5 0.893 258 1.8 0.047
Stroke 459 16 474 2.2 <0.001 368 2.5 0.032

% Women with a valid answer to the entry question in EPINCONT.

B. p - values from chi - square tests comparing the women who participated in E1 with those who participated in E2.

©: Variables from HUNT3 were used.

<. p - values from chi - square tests comparing women who participated in E2 with those who participated in both E1 and E2.

E1 women. Moderate severity dominated in both E1 and  groups (40 — 44, 50 — 54 and 55 — 59 years of age) there
E2, followed by slight, severe and very severe UL Slight Ul were significant differences in severity distribution in E1
was most prevalent in the younger age groups, and mod-  compared with E2, with less severe symptoms in E2.

erate Ul was the most prevalent grade of severity after Table 4 shows incidence and remission of Ul by type and
50 years of age in E2 and after 55 years in E1. In three age  severity for the women participating in both EPINCONT
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Table 3 Prevalence of any Ul, type and severity of Ul in EPINCONT1 and EPINCONT2 in 5 - year age groups
Age - Survey Any Ul p Type of Ul P Severity of Ul p
group N Stress Urgency Mixed Other N  Slight Moderate Severe Very Severe
N % % % % % % % % %
20-24 E1 222 112 0951 218 431 124 303 142 0326 172 535 36.6 8.1 1.7%* 0.220
E2 116 113 116 466 18.1 241 1.2 113 637 30.1 6.2 0*
25-29 E1 320 150 0.001 318 544 11.9 264 7.2 0.139 229 555 39.3 39 1.3% 0.310
E2 173 200 173 549 179 19.1 8.1 170 618 353 29 0*
30-34 E1 479 191 <0.001 479 576 9.8 26.7 58 0595 343 595 382 1.7 0.6* 0.756
E2 299 245 299 532 12.0 29.1 57 297 633 350 1.3 0.3*
35-39 E1 576 210 <0.001 570 595 6.8 288 49 0571 432 576 396 2.5 0.2* 0.640
E2 528 293 525 581 9.1 28.2 4.6 516 579 388 33 0*
40 - 44 E1 728 246 <0.001 724 610 83 27.3 33 0.230 511 515 427 5.1 0.8*% 0.031
E2 633 305 633 569 104 30.2 25 624 537 439 2.1 0.3*
45 - 49 E1 851 287 0.098 849 633 6.5 27.7 26 <0.001 59 522 397 6.6 1.5 0.166
E2 695 308 691 498 11.3 36.2 2.7 681 479 457 54 1.0
50 - 54 E1 832 303 0.039 828 542 7.6 36.0 2.2 0.034 554 457 43.0 10.5 0.9* 0.039
E2 663 276 660  47.1 105 40.0 24 645  46.2 47.0 6.0 0.8*
55-59 E1 567 281 0371 558 509 9.7 364 30 0.023 394 365 49.7 1.7 20 0.032
E2 725 294 721 437 14.0 383 40 694 445 46.0 84 1.2
60 - 64 E1 480 263 0.008 474 409 105 454 32 0.207 297 354 455 16.5 2.7 0.091
E2 746 300 741 386 14.7 44.0 2.7 720 358 51.0 1.1 2.1
65 - 69 E1 513 279 0.240 500 360 146 44.8 46  0.009 312 224 516 20.8 5.1 0.052
E2 529 296 526 300 16.7 513 19 509 295 51.1 163 3.1
70-74 E1 572 316 0302 563 329 15.5 464 53 0.159 390 215 50.8 226 5.1 0.307
E2 458 334 456 274 184 50.0 4.2 438 235 523 21.5 2.7
75-79 E1 481 349 0.864 474 329 192 409 70 0.024 317 221 445 259 76 0.920
E2 367 346 362 257 171 514 58 342 211 459 266 6.4
80 + E1 386 360 0.037 366 298 19.7 410 96 0197 238 147 429 357 6.7 0.713
E2 400 404 389 237 20.6 473 8.5 370 16.5 44.6 314 76
Total E1 7008 250 <0.001 6921 494 109 350 47 <0.001 4784 419 435 12.1 25 0.006
E2 6332 290 6292 429 139 393 40 6119 421 455 10.5 1.9

*: < 5 participants.

surveys (E1 and E2), divided into three age groups (using
the age on participation in E1). A total of 2 054 (18.7%)
women reported incident UI whilst 1 238 (34.1%) reported
remission of UL The average yearly incidence rate was
1.7%. Incidence of UI was highest in the youngest women
(20 - 39 years (E1)). Most of the women with incident UL
experienced stress UI (46.6%), followed by mixed (33.9%),
urgency (15.0%) and other UI (4.6%). After 55 years of age
(E1) incident UI was mostly of mixed type. Slight severity
was the most common grade of severity, with 50.6% of the
women with incident Ul reporting this severity degree.
After 55 years of age (E1), moderate Ul was the most
prevalent grade of severity, 48.5%. The average yearly inci-
dence rate was 3.1%. Remission was highest in women
younger than 55 (E1), and most women who experienced

remission had stress type and slight severity at baseline in
E1. This was the case for all age groups.

Table 5 displays adjusted odds ratios for incidence and
remission of Ul Parity and increasing BMI were found
to be associated with increased odds of incident UI,
whilst increasing age reduced the odds of incident Ul,
with a 1% reduction in incident UI for each year increase
in age. Weight gain was also associated with more inci-
dence of Ul and a certain dose response effect was
found. Increasing age and BMI, as well as large weight
gains (> 10 kilos) were associated with reduced odds for
remission of UL

Separate logistic regression analyses were performed
to investigate diabetes as a risk factor for incidence and
remission of UL Having diabetes in E1 was not found to
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Table 4 Incidence and remission of any Ul and distributions by type and severity in EPINCONT

Any Ul Type of Ul Severity of Ul
Stress Urgency Mixed Other Slight Moderate Severe Very Severe

N % N % N % N % N % N % N % N % N %
Incidence of Ul
Age / years®
20 - 39 897 223 493 551 108 121 262 293 32 36 536 611 322 367 16 1.8 3 03
40 - 54 665 159 300 454 105 159 228 345 28 42 323 501 296 459 23 36 3 05
55+ 492 179 157 324 93 192 201 415 33 68 142 310 222 485 80 175 14 3.1
Total 2054 187 950 466 306 150 691 339 93 46 1001 506 840 424 119 60 20 1.0
Remission of Ul
Age / years®
20 -39 322 372 178 562 33 104 73 230 33 104 152 647 76 323 6 26 1 04
40 - 54 620 368 384 621 48 78 161 261 25 40 258 603 153 357 17 4.0 0 0
55+ 296 274 156 540 26 9.0 91 315 16 55 93 463 87 433 16 80 5 25
Total 1238 341 718 587 107 87 325 266 74 60 503 582 316 366 39 45 6 0.7

% Age when participating in EPINCONT1 (E1).

be significantly associated with neither incidence nor re-
mission of UL However, getting diabetes between E1
and E2 was found to reduce the odds of remission sig-
nificantly before adjustments (OR 0.68, 95% CI: 0.48 —
0.96). The association was not significant after adjust-
ments for age, BMI, weight change, parity and smoking
(OR 0.74, 95% CI: 0.51 — 1.07).

Discussion
In this follow-up study of the large Norwegian E1 survey
we found a 16% relative increase in crude Ul prevalence,

from 25.0% to 29.0% in approximately 11 years. The in-
cidence and remission of Ul among those participating
in both surveys were found to be 18.7% and 34.1% re-
spectively. Both incidence and remission were found to
be highest in women 20 — 39 years of age. Adjusted lo-
gistic regression analyses identified known risk factors
such as BMI, weight change and parity to be influential
on the odds ratios for incidence and remission of UL In-
crease in age was found to be associated with reduced
incidence and remission of UI, whilst increase in BMI
increased the odds of incident Ul and reduced the odds

Table 5 Adjusted® Odds Ratios (OR) for incidence and remission of Ul in women participating in both EPINCONT1 (E1)

and EPINCONT2 (E2)

Incidence of Ul

Remission of Ul

N =2 054 OR 95% Cl N=1238 OR 95% Cl
Age (E1) 2 054 0.99 0.99 - 1.00 o 1238 098 098 - 0.99 o
BMI (E1) 2 046 1.03 1.02 - 1.04 xrx 1233 0.96 095 -098 Frx
Weight Change (kg)
No change (-3 / +3) 651 1.0 475 1.0
Loss:3-10 209 1.01 085 -1.20 168 1.07 085 - 134
Loss: > 10 70 1.28 096 - 172 52 133 091 -193
Gain: 3-10 720 1.29 1.14 - 145 R 395 0.90 0.76 - 1.06
Gain: > 10 377 1.71 147 - 1.99 orx 130 0.69 054 - 088 **
Parity (E2)
0 (N 1.0 50 1.0
1 166 1.37 1.04-179 * 89 0.90 0.58 - 140
2 736 1.28 1.03 - 161 * 450 097 067 - 140
3+ 1040 1.56 1.26 - 1.95 o 646 0.96 067 - 138
Smoking (E1) 541 093 083 - 1.04 337 1.09 092 - 128

2 All OR are adjusted for all the other variables presented in the table.
* p <0.05. **: p<0.01. *** p<0.001.
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Figure 1 Prevalence (%) of Ul in EPINCONT1 (E1) and
EPINCONT2 (E2) by 5-year age groups.

of remission. Increasing weight gain increased the inci-
dence of Ul, with a dose response effect. Weight gains
above 10 kilos reduced the odds of remission.

One of the strengths of the EPINCONT study is the
substantial number of women (14 606) participating in
both surveys. The study is population based, and all
adult women 20 years of age and older were invited to
participate. This makes it reliable to transfer knowledge
back to the entire adult female population. In addition
the EPINCONT study is part of a larger health study
(HUNT) which provides extensive information about
other health topics in these women, which could be
helpful to understand changes in UI status. EPINCONT
uses definitions of UI as recommended by the ICS [14]
and a validated Severity index [13].

The surveys have some limitations. The definition
chosen for any Ul in EPINCONT is in accordance with
ICS guidelines. This is a broad definition, and hence
women with clinically unimportant UI would also be
identified and included in our analyses. Investigating the
level of bother in the women with incident UI, we found
that 70% of the women with incident UI experienced no
bother or only a small nuisance due to their UL Selec-
tion bias could also be a limitation to our study, due to
the decline in participation in HUNT3. Of the invited
women 58.5% participated in HUNT3. However, the
response rate to the EPINCONT part of the study
remained quite high (78.7%) compared with a response
rate of 81.0% in E1. Drop out of women before they re-
ceived Q2 could induce falsely lower prevalence and in-
cidence as well as a higher remission rate of UI, since
healthier people tend to participate to a higher degree in
studies like these. Using our data to compare women
who only participated in E1 with those who participated
twice, the women who participated only in E1 smoked
more and were younger (mean age 43.3 years compared
with 46.4 years). In addition there were only small and
non-significant differences with regard to diseases such
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as diabetes, asthma and myocardial infarction. The
prevalence of UI was lower in the group of women par-
ticipating only in E1 (22.3% compared with 24.9% in
those participating twice. Details are not shown). This
indicates that UI prevalence is not underestimated des-
pite a lower attendance in HUNT3. Another limitation
is the 11 year period between the two studies. Other
incidence and remission studies which have been
conducted over a shorter time span have found quite
high incidence and remission rates [17,18] indicating
that Ul is a fluctuating condition that comes and goes.
Thus, the long time passed between the two surveys,
and only two points of data collection, makes it difficult
to discover short time changes in UI status, type and se-
verity, and could partly explain the low incidence and re-
mission rates found.

The prevalence of Ul found in the two EPINCONT
surveys within the range of reported prevalence in other
longitudinal studies, where prevalence’s between 15 [2] -
66% [17] have been found. Some of this span could be
due to different age groups included in the studies.
Prevalence curves from the two EPINCONT surveys
show approximately the same pattern with the highest
prevalence of Ul in the older age groups. A similar
prevalence pattern was found in another longitudinal
cohort study from Norway [19]. Since the EPINCONT
surveys include women 20 years or older a lower
prevalence of UI is expected compared with studies
conducted on older women [8,18]. The majority of
women in both E1 and E2 were found to have stress Ul
of moderate severity. Stress UI is known to be the most
prevalent type of UI in young and middle-aged women,
whilst urgency and mixed Ul increases with age [15,20].
Since most women in our surveys were below 60 years
of age, stress Ul was expected to be the most prevalent
type. This type distribution is also in accordance with
other studies [19,21], and compared with another Nor-
wegian longitudinal study [22], the EPINCONT women
had the same type and severity distribution for the
equivalent age group, though more of the EPINCONT
women reported a new onset Ul of severe degree.

During the eleven years between the two EPINCONT
surveys we found a 16% relative increase in crude Ul
prevalence from 25.0% to 29.0. Repeated cross — sec-
tional studies including entire adult female populations
(20 +) is the only way to investigate populational
changes in Ul prevalence, and to our knowledge the
National Health and Nutrition Examination Survey
(NHANES study) is the only study who have published
changes in UI prevalence in a representative sample of
the adult female population [5]. The change found in
crude Ul prevalence in EPINCONT is in accordance
with the findings from the NHANES study, with relative
increases of 16.0% in 11 years and 7.9% in 6 years,
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respectively [5]. The prevalence increase in EPINCONT
could either represent an actual increase in Ul preva-
lence in adult females, be due to increase in known risk
factors for UI, or be caused by to the lower attendance
in HUNTS3, making selection bias more likely to occur.
Known risk factors for Ul such as age [23,24], BMI [25]
and parity [26] were found to be significantly different in
El and E2, and the low participation rate in HUNT3
could represent a potential selection bias if the women
who had UI were more prone to participate in the E2
study. The UI prevalence was as previously mentioned
higher in the E1 women who also participated in E2
(24.9%) compared with the prevalence in the E1 women
who just participated in E1 (22.8%). However, the preva-
lence in the women participating twice were closer to
the total prevalence in HUNT2 (25.0%), and given the
good response rate in HUNT2 selection bias is less likely
to be a major determinant of increased prevalence.

An average yearly incidence rate of 1.7% puts the
EPINCONT study in the lower range compared with in-
cidence reported in other longitudinal studies [7,27,28].
Not many studies exist which have been conducted on a
similar population and have used the same UI definition:
defining an incident case of UI as someone who reports
no leakage at baseline and “any leakage” regardless of
amount and frequency at follow-up. In one similar study
conducted in Gothenburg on women older than 20 ran-
domly selected from the Swedish National population
register, an incidence rate of 21% in 16 years was found,
providing an average yearly incidence of 1.3% [2]. That
study also found the highest incidence of UI to occur in
the youngest women (20 - 34 years) which is similar to
our study. A study on women 20 — 89 years of age
conducted in Austria showed a yearly incidence of any
UI of 3.9% [3]. The incidence found in the EPINCONT
women is quite similar to that found in Sweden for the
same age group, with only two data points separated by
a long time span. Many of the other longitudinal studies
on UI have included a limited age span [4,10,28] or re-
stricted the definition of “any UI” to apply only if the
participants reported a certain frequency of leakage
[3,7,10,18]. Such differences in age and UI definitions
might partly explain the wide range in incidences from
0.9% [29] per year to 19% [17]. The EPINCONT women
who became incontinent between studies primarily got
stress Ul of slight severity. In women older than 55
mixed UI of moderate severity was more common. This
type and severity distributions for new onset Ul were
similar to the ones found in another longitudinal cohort
study from Norway [22]. In the large Nurses’ Health
Study two year incidence of frequent Ul was also pri-
marily stress UI, followed by mixed and other Ul [7].
And in another publication from the same cohort an in-
creased risk of severe UI in women older than 60 years,
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as well as an increased risk for urgency and mixed type
of UI was reported [30], which corresponds well with
our findings.

The average yearly remission rate of 3.1% in the
EPINCONT women also falls into the lower range
compared with existing literature, where reported yearly
remission rates lies between 2.1% [2] and 27.8% [10].
Another similar study found a remission rate of 2.9% [3],
though defining UI as any involuntary leakage during
the last month. Remission rate in white women in the
Nurses” Health Study was a little higher, 4.5%, but did
not include women younger than 37 years of age [31].

Other studies have identified age [32], BMI [25,33],
weight gain [25,33], oral contraceptive use [34] and
physical function and psychiatric illness [28,35] among
risk factors associated with incident UL In the current
study we identified BMI as a risk factor for incident UI,
whilst weight change and parity were found to be associ-
ated with incident UL Weight change has been found to
be influential on UI status, and weight loss programs
have proven to be an effective way to improve Ul and
increase remission of Ul [25,36,37]. There was an associ-
ation between weight gain above 10 kilos and incidence
and remission of Ul in the EPINCONT women, where
incidence of UI was increased and remission of Ul was
reduced with a weight gain of 10 kilos or more. How-
ever, we found no significant association between UI
(neither incidence nor remission of UI) and weight loss
between the two EPINCONT surveys. This could be due
to few participants in the largest weight loss group (lack
of power) or other factors difficult to control in cross -
sectional studies (such as loss of weight associated with
serious disease). In previous publications from the E1
survey we found diabetes to be significantly associated
with prevalent UI [38,39]. Having diabetes in E1 was not
found to be associated with incidence or remission of Ul
in neither bivariate nor multivariate analyses. This is in
accordance with findings by Waetjen et al, who found
diabetes to be associated with prevalence of any UI (OR
2.34, 95% CI: 1.21 — 4.55) but not incidence of any UI
[28]. Jackson et al found peripheral diabetes neuropathy
to be borderline predictive of any incident UI (OR 1.7,
95% CIL: 1.0 — 3.1) [17]. We did however find an associ-
ation between recently developed diabetes (after E1) and
remission of Ul, where development of diabetes between
El and E2 was associated with reduced odds of remis-
sion from UL This could be due to the different type
and severity distribution of UI found in women with dia-
betes [38], where women with diabetes were found to
have a higher prevalence of mixed and severe Ul, or
caused by higher prevalence of other risk factors for Ul
in women with diabetes (such as overweight). The re-
sults might indicate an overrepresentation of other risk
factors for Ul in women with diabetes, since the
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association between recently developed diabetes and re-
mission of UI no longer was significant after adjustments
for age, BMI, weight change, parity and smoking. The
lack of any significant results in the analyses of having
diabetes in E1 as a risk factor for incidence or remission
of UI could be due to the limited number of diabetes pa-
tients participating in both EPINCONT surveys (n = 176,
of whom 64 reported any Ul in E2).

Conclusion

A 16% relative increase in crude Ul prevalence was
found in EPINCONT, and average yearly incidence and
remission rates were 1.7% and 3.1% respectively. Known
risk factors for UI such as age, BMI, weight change and
parity were found to be influential on incidence of UI,
remission of UI or both. Getting diabetes between the
two EPINCONT studies reduced the odds of remission
of UL, though only before adjustments. Some of the
increase in Ul prevalence in EPINCONT could be
explained by concurrent changes in risk factors in the
study population.

Abbreviations

BMI: Body Mass Index; Ul: Urinary incontinence; EPINCONT: EPidemiology of
INcontinence in the County of Nord-Trgndelag; E1: EPINCONTT;

E2: EPINCONT2; HUNT: The Nord-Trgndelag Health study; OR: Odds ratios;
Cl: Confidence interval; SD: Standard deviation.

Competing interests
The authors declare that they have no competing interests’.

Authors’ contributions

All authors designed and planned the study. MHE prepared the file for
analyses and conducted the analyses. MHE drafted the first manuscript,
whilst all authors contributed to the final manuscript. All authors approved
of the final manuscript.

Acknowledgements

The Nord - Trgndelag Health Study (The HUNT study) is a collaboration
between HUNT Research Centre (Faculty of Medicine, Norwegian University
of Science and Technology NTNU), Nord - Trgndelag County Council,
Central Norway Health Authority, and the Norwegian Institute of Public
Health.

Author details

'Research Group for General Practice, Department of Global Health and
Primary Health Care, University of Bergen, Kalfarveien 31, Pb 78045020,
Bergen, Norway. Uni Health, Uni Research, Kalfarveien 31, Pb 78105020,
Bergen, Norway. *Research Unit for General Practice, Uni Health, Uni
Research, Bergen, Norway.

Received: 5 August 2012 Accepted: 15 May 2013
Published: 30 May 2013

References

1. Hunskaar S, Burgio K, Diokno A, Herzog AR, Hjdlmas K, Lapitan MC:
Epidemiology and natural history of urinary incontinence in women.
Urology 2003, 62(4 Suppl 1):16-23.

2. Wennberg AL, Molander U, Fall M, Edlund C, Peeker R, Milsom I: A
longitudinal population-based survey of urinary incontinence, overactive
bladder, and other lower urinary tract symptoms in women. Eur Urol
2009, 55:783-791.

3. Wehrberger C, Temml C, Ponholzer A, Madersbacher S: Incidence and
remission of female urinary incontinence over 6.5 years: analysis of a
health screening project. Eur Urol 2006, 50:327-332.

20.

21.

22.

23.

24.

Page 9 of 10

Byles J, Millar CJ, Sibbritt DW, Chiarelli P: Living with urinary incontinence:
a longitudinal study of older women. Age Ageing 2009, 38:333-338.
discussion 251.

Markland AD, Richter HE, Fwu CW, Eggers P, Kusek JW: Prevalence and
trends of urinary incontinence in adults in the United States, 2001 to
2008. J Urol 2011, 186:589-593.

Irwin DE, Milsom |, Chancellor MB, Kopp Z, Guan Z: Dynamic progression
of overactive bladder and urinary incontinence symptoms: a systematic
review. Eur Urol 2010, 58:532-543.

Townsend MK, Danforth KN, Lifford KL, Rosner B, Curhan GC, Resnick NM,
Grodstein F: Incidence and remission of urinary incontinence in middle-
aged women. Am J Obstet Gynecol 2007, 197:167.e1-167.€5.

Herzog AR, Diokno AC, Brown MB, Normolle DP, Brock BM: Two-year
incidence, remission, and change patterns of urinary incontinence in
noninstitutionalized older adults. J Gerontol 1990, 45:M67-M74.
Samuelsson EC, Victor FT, Svérdsudd KF: Five-year incidence and remission
rates of female urinary incontinence in a Swedish population less than
65 years old. Am J Obstet Gynecol 2000, 183:568-574.

Moller LA, Lose G, Jorgensen T: Incidence and remission rates of lower
urinary tract symptoms at one year in women aged 40-60: longitudinal
study. BMJ 2000, 320:1429-1432.

Jahanlu D, Qureshi SA, Hunskaar S: The Hordaland Women's Cohort: a
prospective cohort study of incontinence, other urinary tract symptoms
and related health issues in middle-aged women. BMC Public Health 2008,
8:296.

Sandvik H, Hunskaar S, Seim A, Hermstad R, Vanvik A, Bratt H: Validation of a
severity index in female urinary incontinence and its implementation in an
epidemiological survey. J Epidemiol Community Health 1993, 47:497-509.
Sandvik H, Seim A, Vanvik A, Hunskaar S: A severity index for
epidemiological surveys of female urinary incontinence: comparison
with 48-hour pad-weighing tests. Neurourol Urodyn 2000, 19:137-145.
Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans B, Lee J, Monga
A, Petri E, Rizk DE, Sand PK, Shaer GN: An International Urogynecological
Association (IUGA)/International Continence Society (ICS) joint report on
the terminology for female pelvic floor dysfunction. Neurourol Urodyn
2010, 29:4-20.

Hannestad YS, Rortveit G, Sandvik H, Hunskaar S: A community-based
epidemiological survey of female urinary incontinence: the Norwegian
EPINCONT study. Epidemiology of Incontinence in the County of Nord-
Trondelag. J Clin Epidemiol 2000, 53:1150-1157.

Hannestad YS, Rortveit G, Daltveit AK, Hunskaar S: Are smoking and other
lifestyle factors associated with female urinary incontinence? The
Norwegian EPINCONT Study. BJOG 2003, 110:247-254.

Jackson SL, Scholes D, Boyko EJ, Abraham L, Fihn SD: Predictors of urinary
incontinence in a prospective cohort of postmenopausal women.

Obstet Gynecol 2006, 108:855-862.

Goode PS, Burgio KL, Redden DT, Markland A, Richter HE, Sawyer P, Allman
RM: Population based study of incidence and predictors of urinary
incontinence in black and white older adults. J Urol 2008, 179:1449-1453.
discussion 1453-1454.

Jahanlu D, Hunskaar S: The Hordaland Women's Cohort: prevalence,
incidence, and remission of urinary incontinence in middle-aged
women. Int Urogynecol J 2010, 21:1223-1229.

Burgio KL, Matthews KA, Engel BT: Prevalence, incidence and correlates of
urinary incontinence in healthy, middle-aged women. J Urol 1991,
146:1255-1259.

Samuelsson E, Victor A, Svardsudd K: Determinants of urinary incontinence
in a population of young and middle-aged women. Acta Obstet Gynecol
Scand 2000, 79:208-215.

Jahanlu D, Hunskaar S: Type and severity of new-onset urinary
incontinence in middle-aged women: the Hordaland Women's Cohort.
Neurourol Urodyn 2011, 30:87-92.

Danforth KN, Townsend MK, Lifford K, Curhan GC, Resnick NM, Grodstein F:
Risk factors for urinary incontinence among middle-aged women.

Am J Obstet Gynecol 2006, 194:339-345.

Grodstein F, Fretts R, Lifford K, Resnick N, Curhan G: Association of age,
race, and obstetric history with urinary symptoms among women in the
Nurses' Health Study. Am J Obstet Gynecol 2003, 189:428-434.

Hunskaar S: A systematic review of overweight and obesity as risk factors
and targets for clinical intervention for urinary incontinence in women.
Neurourol Urodyn 2008, 27:749-757.



Ebbesen et al. BMC Urology 2013, 13:27 Page 10 of 10
http://www.biomedcentral.com/bmc/13/27

26. Thom DH, Rortveit G: Prevalence of postpartum urinary incontinence: a
systematic review. Acta Obstet Gynecol Scand 2010, 89:1511-1522.

27.  McGrother CW, Donaldson MM, Shaw C, Matthews RJ, Hayward TA, Dallosso
HM, Jagger C, Clarke M, Castleden CM: Storage symptoms of the bladder:
prevalence, incidence and need for services in the UK. BJU Int 2004,
93:763-769.

28. Waetjen LE, Liao S, Johnson WO, Sampselle CM, Sternfield B, Harlow SD,
Gold EB: Factors associated with prevalent and incident urinary
incontinence in a cohort of midlife women: a longitudinal analysis of
data: study of women's health across the nation. Am J Epidemiol 2007,
165:309-318.

29. Holtedahl K, Hunskaar S: Prevalence, 1-year incidence and factors
associated with urinary incontinence: a population based study of
women 50-74 years of age in primary care. Maturitas 1998, 28:205-211.

30. Lifford KL, Townsend MK, Curhan GC, Resnick NM, Grodstein F: The
epidemiology of urinary incontinence in older women: incidence,
progression, and remission. JAGS 2008, 56:1191-1198.

31. Townsend MK, Curhan GC, Resnick NM, Grodstein F: Original research:
rates of remission, improvement, and progression of urinary
incontinence in Asian, Black, and White women. Am J Nurs 2011,
111:26-33. quiz 34-25.

32. Komesu YM, Rogers RG, Schrader RM, Lewis CM: Incidence and remission
of urinary incontinence in a community-based population of women
>/=50 years. Int Urogynecol J Pelvic Floor Dysfunct 2009, 20:581-589.

33. Townsend MK, Danforth KN, Rosner B, Curhan GC, Resnick NM, Grodstein F:
Body mass index, weight gain, and incident urinary incontinence in
middle-aged women. Obstet Gynecol 2007, 110(2 Pt 1):346-353.

34. Townsend M, Curhan GC, Resnick NM, Grodstein F: Oral contraceptive use
and incident urinary incontinence in premenopausal women. J Urol 2009,
181:2170-2175.

35. Komesu Y, Schrader R, Rogers R, Ketai L: Urgency urinary incontinence in
women 50 years or older: incidence, remission, and predictors of
change. female Pelvic Med Reconstr Surg 2011, 17:17-23.

36. Subak LL, Wing R, West DS, Franklin F, Vittinghoff E, Creasman JM, Richter
HE, Myers D, Burgio KL, Gorin AA, Macer J, Kusek JW, Grady D: Weight loss
to treat urinary incontinence in overweight and obese women. N £ngl J
Med 2009, 360:481-490.

37. Wing RR, Creasman JM, West DS, Richter HE, Myers D, Burgio KL, Franklin F,
Gorin AA, Vittinghoff E, Macer J, Kusek JW, Subak LL: Improving urinary
incontinence in overweight and obese women through modest weight
loss. Obstet Gynecol 2010, 116(2 Pt 1):284-292.

38. Ebbesen MH, Hannestad YS, Midthjell K, Hunskaar S: Diabetes and urinary
incontinence - prevalence data from Norway. Acta Obstet Gynecol Scand
2007, 86:1256-1262.

39. Ebbesen MH, Hannestad YS, Midthjell K, Hunskaar S: Diabetes related risk
factors did not explain the increased risk for urinary incontinence
among women with diabetes. The Norwegian HUNT/EPINCONT study.
BMC Urol 2009, 9:11.

doi:10.1186/1471-2490-13-27

Cite this article as: Ebbesen et al.: Prevalence, incidence and remission
of urinary incontinence in women: longitudinal data from the
Norwegian HUNT study (EPINCONT). BMC Urology 2013 13:27.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethics
	Statistics

	Results and discussion
	Results
	Discussion

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

