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Abstract

 

Objectives:

 

 The aim was to assess the prevalence of any urinary leakage in an unselected female population in Norway, and to estimate
the prevalence of significant incontinence. Methods: The EPINCONT Study is part of a large survey (HUNT 2) performed in a county in
Norway during 1995–97. Everyone aged 20 years or more was invited. 27,936 (80%) of 34,755 community-dwelling women answered a
questionnaire. A validated severity index was used to assess severity. 

 

Results:

 

 Twenty-five percent of the participating women had urinary
leakage. Nearly 7% had significant incontinence, defined as moderate or severe incontinence that was experienced as bothersome. The
prevalence of incontinence increased with increasing age. Half of the incontinence was of stress type, 11% had urge and 36% mixed in-
continence. 

 

Conclusions:

 

 Urinary leakage is highly prevalent. Seven percent have significant incontinence and should be regarded as po-
tential patients. © 2000 Elsevier Science Inc. All rights reserved. © 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction

 

Urinary incontinence is a common condition among
women [1]. The estimates of the prevalence of incontinence
do, however, vary widely [2–4]. The differing results can
partly be attributed to the use of different definitions of in-
continence [2]. Study samples selected on different criteria
and variations in survey procedures also contribute to vary-
ing prevalence estimates.

In 1998 the 1st International Consultation on Inconti-
nence recommended the development of standardized in-
struments for measuring the prevalence of incontinence in
community surveys, including a screening question for any
involuntary loss of urine, a measure of frequency, quantity,
and duration [2].

The EPINCONT (Epidemiology of Incontinence in the
County of Nord-Trøndelag) study was designed in accor-
dance with these recommendations. It is a community-based
survey performed in collaboration with the National Health
Screening Service of Norway. As far as we know, it is the
largest epidemiological survey carried out on urinary incon-
tinence. In this article, we report the crude prevalence rates

and emphasize analyses on age, severity, and type of incon-
tinence.

 

2. Subjects and methods

 

The Nord-Trøndelag Health Survey 2 (HUNT 2) was a
large survey performed in one county in Norway during the
years 1995–97. This county has a geographical, demograph-
ical, and occupational structure fairly representative of Nor-
way as a whole, although the average income and the preva-
lence of higher education is somewhat less than the average
for Norway. Everyone aged 20 years or more (

 

n

 

 

 

!

 

 94,197)
residing in the county were invited to participate. The com-
plete HUNT 2 survey covered many topics, for example
mental health, cardiovascular diseases, asthma, and urinary
incontinence. A similar survey was performed in the same
county during the years 1984–86 (HUNT 1).

Invitations were sent by mail along with questionnaire 1,
which was to be returned when attending the screening sta-
tion. This was a stationary or mobile (bus) office in each
municipality. Questionnaire 1 did not contain any questions
about urinary incontinence. Several clinical parameters
were measured on all participants at the screening station,
and further investigations were performed for smaller sam-
ples. Before leaving the screening station all the participants
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Statistical analyses were done by univariate and bivariate
methods. Chi-square tests were used when comparing dif-
ferent types of urinary incontinence with regard to severity
and impact. Spearman’s rank correlation coefficient was
calculated between severity and the rating of incontinence

as a problem. Statistical significance was accepted at the 5%
level (P 

 

!

 

 0.05).
Ethical approval for HUNT was obtained from both the

Regional and the National ethics review board. The subjects
gave an extensive written consent to the use of the data.

Fig. 1. Prevalence of urinary incontinence by age group and severity.

 

Table 2
Prevalence of involuntary leakage of urine and distribution of symptoms (n 

 

"

 

 6792) of different types among women with any leakage

 

a

 

Age
(years)

Respondents
(

 

n

 

)
Incontinent
women (

 

n

 

)

Prevalence of urinary
incontinence

Symptoms of
stress incontinence

Symptoms of urge
incontinence

Symptoms of mixed
incontinence

Incontinence type
not classified

 

b

 

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

20–24 1876 194 10 (9.0–11.7) 48 (40.8–55.0) 13 (7.8–17.4) 33 (26.5–39.9) 6 (3.3–10.8)
25–29 2114 303 14 (12.8–15.8) 54 (48.2–59.5) 13 (9.2–16.8) 28 (23.2–33.3) 5 (2.8–8.1)
30–34 2494 454 18 (16.7–19.7) 59 (54.3–63.3) 10 (7.3–13.0) 27 (23.0–31.2) 4 (2.5–6.5)
35–39 2723 577 21 (19.7–22.7) 60 (55.8–63.8) 7 (5.3–9.8) 29 (25.1–32.6) 4 (2.6–6.0)
40–44 2931 702 24 (22.4–25.5) 60 (56.7–63.9) 8 (6.4–10.6) 29 (25.3–32.0) 3 (1.6–4.2)
45–49 2978 848 28 (26.9–30.1) 65 (61.5–68.0) 7 (5.1–8.5) 27 (23.5–29.5) 2 (1.3–3.4)
50–54 2775 838 30 (28.5–31.9) 55 (51.4–58.1) 7 (5.7–9.3) 36 (32.8–39.3) 2 (1.1–3.1)
55–59 2041 564 28 (25.7–29.6) 52 (48.2–56.5) 9 (7.1–12.1) 37 (32.5–40.5) 2 (0.9–3.3)
60–64 1853 486 26 (24.2–28.2) 42 (37.8–46.6) 10 (7.5–13.0) 46 (41.7–50.6) 2 (0.7–3.3)
65–69 1832 501 27 (25.3–29.4) 38 (33.2–41.8) 16 (12.5–19.0) 44 (39.9–48.7) 2 (1.3–3.3)
70–74 1797 538 30 (28.0–32.2) 33 (29.3–37.4) 16 (13.1–19.4) 48 (44.0–52.6) 2 (1.0–3.7)
75–79 1413 478 34 (31.3–36.2) 34 (29.6–38.2) 19 (15.5–22.6) 44 (39.6–48.5) 3 (1.6–4.9)
80–84 757 267 35 (31.9–38.7) 32 (26.4–37.9) 21 (15.8–25.8) 40 (34.4–46.4) 7 (3.9–10.5)
85–89 287 100 35 (30.8–41.6) 28 (18.9–37.8) 23 (15.3–33.3) 40 (30.4–51.0) 9 (3.7–16.1)
90

 

#

 

65 26 40 (27.6–51.1) 28 (12.1–49.4) 12 (2.6–31.2) 48 (27.8–68.7) 12 (2.6–31.2)
Total 27936 6876 25 (24.1–25.2) 50 (49.1–51.5) 11 (10.4–11.9) 36 (34.4–36.7) 3 (2.6–3.4)

 

a 

 

Eighty-four women (1.2%) did not answer the relevant questions.

 

b 

 

Not classified because of incomplete answers.

•  Etude'observaConnelle'cohorte'HUNT'
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4. Discussion

 

This survey confirms that involuntary loss of urine is
highly prevalent among adult women. While one of four
women experienced any leakage of urine only one of 15 had
symptoms of significant incontinence.

One strength of this survey is that a whole community
was invited. The overall response rate for our study was
good. However, the youngest and the eldest women did not
participate to the same degree as the middle-aged, and this
may have introduced a bias. The young non-participants
may represent a healthy part of the population also with re-
gard to urinary incontinence and their no-show may cause
an over-estimate of incontinence among women 20–30
years of age. The opposite may be the case with the eldest
women; those who did not participate may be of poorer
health also when it comes to incontinence. A study of non-
participants in the HUNT 1-survey showed that the young-
est participants did not have higher rates of morbidity than
the youngest non-participants [7]. A group of non-partici-
pants in the oldest age groups had significantly poorer
health than the participants.

As the EPINCONT study is a part of a larger survey, we
have no reason to think that incontinent women as a group
are under-represented in HUNT 2 because of embarrass-
ment and reluctance to report their problems, or over-repre-
sented because of eagerness to tell. Such effects may how-

ever influence their answers to the particular questions
about incontinence.

The differing prevalence estimates in earlier studies are
caused by study populations selected on different criteria
and different survey procedures, but most important by the
use of different definitions of urinary incontinence [2–4].
The International Continence Society’s (ICS) definition of
incontinence requires that the urine loss should be objec-
tively demonstrable [8]. This is impossible to fulfill in an
epidemiological survey of this size. Holtedahl 

 

et al.

 

 found
that compared with any self-reported leakage or self-
reported regular leakage with or without objective demon-
stration, the full ICS-definition was rather restrictive [9].
Foldspang 

 

et al.

 

 discussed whether the social and hygienic
aspect of the ICS definition is appropriate for etiological re-
search [10], and the committee on epidemiology on the 1st
International Consultation on Incontinence did not recom-
mend that bother or quality of life should be included in the
definition of urinary incontinence [2]. In our study we used
a low threshold for identifying the women as incontinent, and
we are only able to register symptoms of incontinence and do
not identify women with urinary incontinence as a condition.

We found a crude prevalence rate of any incontinence of
25%. Compared with previous studies also using postal
questionnaires and covering a comparably wide age-span,
our prevalence estimate is lower than some [11–13] and
higher than others [14–17] The steadily increasing preva-

Fig. 2. Prevalence of urinary incontinence by age group and impact.
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neck and face, and often associated with pers pir ation, 
palpitations, and anxiety. These episodes are described 
as hot fl ushes, hot fl ashes, and night sweats. The term 
“hot fl ush” indicates the sensation of heat; “hot fl ash” 
describes episodes with sweating, sometimes followed 
by a chill; however, the terms are often used 
interchangeably. Vasomotor episodes are variable in 
frequency, duration, and severity, are sometimes 
recurrent, and usually last less than 5 min. They can be 
triggered by warm environments, hot food or drinks, 
and stress. For some women, these episodes interfere 
with activities or sleep to such a degree that medical 
advice is needed. The mechanisms causing vasomotor 
symptoms are not fully understood. One theory is that 
reduced oestrogen concentrations cause decreased 
endorphin concentrations in the hypothalamus, which 
increases the release of norepinephrine and serotonin; 
these neurotransmitters lower the set point in the 
thermoregulatory nucleus, and trigger inappropriate 
heat loss.13–15

Urogenital problems, such as vaginal dryness, itching, 
and dyspareunia, are caused by physiological responses 
to low concentrations of oestrogen and androgens. These 
responses include reduced vaginal blood fl ow and 
secretions, tissue changes, and a change in the pH of 
vaginal fl uid, from acidic to neutral. Additional 
symptoms, such as anxiety, depression, and mood 
changes, urinary incontinence and leakage, sleep 
disturbances, cognitive changes, somatic complaints, 
and sexual dysfunction have been associated with the 
menopausal transition. Some of these symptoms are 
secondary to vasomotor and urogenital symptoms, and 
others are related to other causes. Factor analysis studies 
showed that menopausal status is more consistently 
associated with vasomotor than with psychological or 
physical symptoms, arguing against a universal 
menopausal syndrome that includes all of them.16 

Distinction between clinical signs related specifi cally to 
the menopausal transition, and those related to ageing in 
general, is diffi  cult. Studies of menopausal dysfunctions 
need to be carefully interpreted, because of methodological 

inconsistencies and limitations. Many methods have been 
developed to assess menopausal symptoms, but only a 
few are standardised, valid, and reliable. Some methods 
are based on self-reports of the presence, severity, and 
frequency of individual symptoms, such as hot fl ashes. 
Others use cumulative scores, based on lists or scales of 
symptoms that are thought to be associated with the 
menopause, such as changes of mood, cognition, quality 
of life, sexual function, and somatic symptoms. The Green 
climacteric scale,17 Kupperman index,18 and menopause-
specifi c quality of life questionnaire19 are examples of 
commonly used scores of menopausal symptoms. The 
multitude of symptoms studied and methods used often 
does not allow comparisons between studies, and the 
populations they represent. Most studies fail to adjust or 
stratify for potentially important variables such as age, 

Duration of stage

Menstrual cycle

Terminology

Endocrine

–5 –4 –3

Postmenopause Menopausal transition 

Stages

Reproductive 

0 

–2 –1 +1 +2

Final menstrual period (FMP)

Reproductive 

Early Early Early

Menopausal transition 

Perimenopause

Postmenopause 

Peak

Variable

Regular
Variable cycle length

(>7 days different 
from normal)

Normal FSH

Late Late Late

Variable Until demise4 years

None

Increasing FSH Increasing FSH Increasing FSH

Variable to
regular

1 yr

≥2 skipped cycles
and  an interval of 

amenorrhoea
(≥60 days) Am

en
or

rh
oe

a
fo

r 1
2 

m
on

th
s

Figure 1: Stages of normal reproductive ageing in women 
Reproduced with permission from Soules and colleagues.4 FSH=follicle-stimulating hormone.
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Figure 2: Prevalence rates of symptoms
51 population studies showed wide ranges of prevalence rates. Rates of 
vasomotor symptoms, vaginal dryness, and sleep disturbances are higher for 
women in menopausal transition and postmenopause than for women in 
reproductive stages.
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older (59 ! 13 yr) than non-responders (54 ! 14 yr;
data refer to the follow-up investigation; p > 0.05).
Consequently, UI at baseline was reported more
frequently by responders (32%) than non-respon-
ders (24%).

3.2. Incidence

The natural history of UI over 6.5 years in our cohort
is shown in Fig. 1. The prevalence of UI was 32% at
baseline and increased to 43% in 6.5 years (Fig. 1A).
The 6.5-year cumulative incidence of any degree of
UI in our cohort was 25.6%, indicating a mean
annual incidence of 3.9% (Table 1). The mean annual
cumulative incidence was lowest in the youngest
age group (20–39 yr, 2.3%), remained fairly stable in
those aged 40–69 yr (3.8%), and increased to 7.3% in
those aged 70 yr or older. The overall annual
cumulative incidence of UI of more than once per
wk was 2.1%, with a clear increase in those aged

70+ yr (5.3%). Less than half (44%) of incident cases
reported a mild form of UI, yet 30% developed daily
UI. Over 6.5 years, one-third of the women devel-
oped pure stress incontinence, 13% pure urge
incontinence, and 53% mixed incontinence. Of all
incident cases, 86% reported impairment of quality
of life; a moderate to severe impairment was
indicated by 46%. More than half of the women
with de novo UI had not consulted a doctor (Table 1).
Of those with UI at baseline (n = 114), a progression
in UI was observed by 38% and a partial remission by
26%. In 40% with UI at baseline, the degree of UI did
not change over 6.5 years (Fig. 1A).

3.3. Remission

In Table 2, only data from women with full
remission (i.e., those who had UI at baseline and
were continent at follow-up) are included. Of the 141
women with UI at baseline, a full remission
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Table 1 – Cumulative incidence of urinary incontinence (UI) depending on age and characteristics of incident cases

Age (yr) No. of patients Cumulative incidence More than 1"/wk

No. % No. %

20–39 54 8 14.8% (2.3%) 2 3.7% (0.6%)
40–49 70 18 25.7% (4.0%) 10 14.2% (2.2%)
50–59 92 22 23.6% (3.6%) 10 10.8% (1.7%)
60–69 46 11 23.9% (3.7%) 7 15.2% (2.3%)
70+ 38 18 47.3% (7.3%) 13 34.2% (5.3%)

Total 300 77 25.6% (3.9%) 42 13.9% (2.1%)

Frequency of UI

1"/wk or less frequently 44%
2–3"/wk 28%
1"/d 15%
more often 13%

Severity of UI

Enough to make underwear/pads damp 72%
Enough to make underwear/pads wet 20%
Enough to wet outer clothes 5%
Urine runs down legs onto floor 3%

Impact of UI of quality of life

Not at all 14%
A little 40%
Moderate 29%
Significant 17%

Type of UI

Stress 34%
Urge 13%
Mixed 53%

Time to medical consultation for UI

No consultation 56%
Less than 1 yr 11%
1–2 yr 10%
3–5 yr 11%

Annual cumulative incidence rates are given in parentheses.

(continent at follow-up) was reported by 27 women
(19%), corresponding to a mean annual remission
rate of 2.9%. In contrast to UI incidence, we observed
no clear age dependency of remission rates,
although one must be aware that the number of
women in each age decade was small. More than
half (56%) of the women with a full remission had
only a mild form of UI at baseline, and only one-
fourth had daily episodes of UI at baseline. 50% of
women with a full remission had pure stress
incontinence at baseline, only 11% had pure urge
incontinence (Table 2).

3.4. Changes in UI type over 6.5 years

Of those women who were incontinent at baseline,
80.9% remained so 6.5 years thereafter (Fig. 1A). A
total of 52% had the same form of UI after 6.5 years
(Fig. 1B). The majority of patients with mixed
incontinence (65%) had the same form of UI after
6.5 years; for patients with urge incontinence, this
percentage was 50%, and for those with stress UI at
baseline, the percentage was 39% (Fig. 1B). The
highest remission rate were observed for urge
incontinence (38%), followed by stress UI (21%)
and mixed incontinence (15%) (Fig. 1B).

3.5. Risk factors for de novo UI

In a multivariate logistic regression analysis with UI
incidence as the dependent variable and age, BMI,

urgency, frequency, nocturia, and smoking status as
independent variables, the only two factors that
remained significant were age ( p = 0.024) and
urgency ( p = 0.008). Women with moderate or severe
urgency had a 3-fold-higher risk of developing UI
over 6.5 years. This observation might explain the
fact that pure stress UI developed in only 34%; the
remaining 66% had either pure urge (13%) or mixed
(53%) UI.

4. Discussion

In the recent report of the Third International
Consultation on Incontinence, Hunskaar et al. [1]
identified six studies on the natural history of UI in
community-dwelling women. This review stated
that longitudinal studies are scarce and should be
encouraged because only these studies provide
information on the course of UI and such studies
are best suited for investigating UI’s causes and
consequences [1]. This paucity of longitudinal data
prompted the current investigation.

Our longitudinal cohort was based on a preva-
lence study performed in 1999 in which women
participated in health investigations in Vienna [4].
This population was not generated by standard
epidemiologic sampling, and thus the study may be
hampered by selection bias. Two studies evaluating
prevalence rates of lower urinary tract symptoms in
elderly men have been completed in Austria, one
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Table 2 – Remission rates of urinary incontinence (UI) according to age, frequency, and type of UI

Age (yr) Remission

No. of patients No. %

20–39 8 0 0% (0%)
40–49 33 9 27% (4.2%)
50–59 48 4 8.5% (1.3%)
60–69 28 6 21.4% (3.3%)
70+ 25 8 32% (4.9%)

Total 141 27 19% (2.9%)

Frequency of UI at baseline

1!/wk or less frequently 15 56%
2–3!/wk 5 19%
About 1!/d 2 7%
More than 1!/d 5 18%

Severity of UI

Enough to moisten underwear 21 78%
Enough to wet underwear 3 11%
Enough to moisten overwear 3 11%

Type of UI at baseline
Stress 13 48%
Urge 3 11%
Mixed 11 41%

Annual rates are given in parentheses.
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1. Introduction

Urinary incontinence (UI) is one of the most
common health problems, particularly in women
[1]. In most industrialized countries, costs for
diagnosis and therapy are in the range of costs

associated with diabetes mellitus or hypertension
[2]. The prevalence of UI in women has been
intensively studied in a number of cross-sectional
studies [3–9], all of which have shown that pre-
valence increases with age. According to Hampel
et al. [3], a more regular loss of urine is seen in 5–16%
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1999 who were still living in the area of Vienna were invited to recom-
plete the questionnaire.
Results: The response rate was 47.7% (n = 441; age range, 20–84 yr), and
the mean follow-up was 6.5 yr. The overall prevalence of UI was 32% at
baseline and increased to 43% in 6.5 years. The mean annual cumulative
incidence of UI was 3.9%, with the lowest rate (2.3%) in the youngest age
group (20–39 yr) and the highest (7.3%) in those aged 70 yr or older. The
mean annual full remission rate was 2.9%, with no clear age dependency.
More than half (55.6%) of the women with a full remission had only a
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of women in the youngest age group (<30 yr); in
middle-aged women (30–60 yr), percentages range
between 14% and 41%, and in the older age group
(>60 yr), percentages range from 4.5% to 44%.

In contrast to the abundance of cross-sectional
studies, longitudinal studies addressing the natural
history of UI are rare, with fewer than 10 studies
reported to date [1]. Only in a longitudinal study can
important issues such as progression and remission
rates and incidence be studied [1]. In 2000, we
reported on a cross-sectional study of the prevalence
of UI in both sexes [4]. To investigate the natural
history of UI, women aged 20 yr or older in 1999 were
contacted by mail and were asked to complete a
questionnaire on a number of aspects of UI.

2. Methods

2.1. Study design

The design and results of the cross-sectional study on the
prevalence of UI have been described in detail elsewhere [4]. In
brief, voluntary health examinations free of charge are
regularly organized in the area of Vienna. Overall, there are
seven sites where the city’s inhabitants can participate in a
health survey. This health examination includes the follow-
ing: (1) a detailed medical history, (2) assessment of all
concurrent medical therapies, (3) a physical examination, (4)
assessment of sociodemographic parameters, (5) assessment
of stress factors, (6) urinalysis, and (7) a blood laboratory study.
We used a German version of the Bristol Female Lower Urinary
Tract Symptoms questionnaire [10]. Selected items of the
Bristol questionnaire include the following: (1) Have you
leaked any urine at all during the past four weeks? (Responses:
no; yes) (2) How often do you leak urine? (Responses: about
once a week or less often; 2 or 3 times a week; about once a day;
several times a day; all the time).

2.2. Longitudinal study design

In 2005, all women who had completed the initial ques-
tionnaire and were still living in the area of Vienna (n = 925)
were contacted by mail and were asked to complete another
questionnaire on UI, sent out by mail. We used the same
questionnaire that we used in 1999; in addition, eight items
focusing on therapeutic approaches were included in the 2005
questionnaire.

2.3. Statistical analyses

All data are presented as means ! standard deviations,
ranges, or percentages. Multivariate regression analysis was
used to test the independent influence of major risk factors
(body mass index [BMI], urgency, frequency, nocturia, smok-
ing status) on UI incidence. A two-tailed p < 0.05 was
considered to indicate statistical significance. Cumulative
incidences were calculated. We refrained from calculating
incidence densities because the follow-up of our population

was homogeneous, with a variation of only 6 months. Statistical
analyses were conducted using the Statistical Package for Social
Sciences, version 10.0.7 (SPSS Inc., Chicago, IL).

3. Results

3.1. Characteristics of the study population

Overall, 925 women were eligible and contacted by
surface mail. A total of 441 women (47.7%) returned
the questionnaire. Responders and non-responders
were comparable regarding education level, smok-
ing status, alcohol consumption, physical activity,
BMI, and laboratory data (triglycerides, total cho-
lesterol, low-density lipoprotein, high-density lipo-
protein, creatinine) at baseline. Responders were
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Fig. 1 – Cumulative incidence, remission, and progression
of urinary incontinence (UI) over 6.5 years (A) and the
development of UI subtypes over 6.5 years (B). At baseline,
129 (91.5%) of 141 incontinent women could be classified
as having pure stress (n = 61), pure urge (n = 8), or mixed
(n = 60) incontinence.
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Factors Associated with Worsening and Improving Urinary
Incontinence Across the Menopausal Transition
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Abstract
Objective—To evaluate whether the menopausal transition is associated with worsening of
urinary incontinence symptoms over 6 years in mid-life women.

Methods—We analyzed data from 2415 women who reported monthly or more incontinence in
self-administered questionnaires at baseline and during the first 6 annual follow-up visits (1995–
2002) of the prospective cohort Study of Women’s Health Across the Nation. We defined
worsening as a reported increase and improving as a reported decrease in frequency of
incontinence between annual visits. We classified the menopausal status of women not taking
hormone therapy annually from reported menstrual bleeding patterns and hormone therapy use by
interviewer questionnaire. We used Generalized Estimating Equations (GEE) methodology to
evaluate factors associated with improving and worsening incontinence from year to year.

Results—Over 6 years, 14.7% of incontinent women reported worsening, 32.4% reported
improvement, and 52.9% reported no change in the frequency of incontinence symptoms.
Compared with pre-menopause, peri- and post menopause were not associated with worsening
incontinence; for example, early peri-menopause was associated with improvement (OR 1.19;
95% CI 1.06, 1.35) and post-menopause reduced odds of worsening (OR 0.80; 95% CI 0.66, 0.95).
Meanwhile, each pound of weight gain increased odds of worsening (OR 1.04; 95% CI 1.03, 1.05)
and reduced odds of improving (OR 0.97; 95% CI 0.96, 0.98) incontinence.

Conclusion—In mid-life incontinent women, worsening of incontinence symptoms was not
attributable to the menopausal transition. Modifiable factors such as weight gain account for
worsening of incontinence during this life stage.

Corresponding author: L. Elaine Waetjen, M.D., Associate Professor, Department of Obstetrics and Gynecology, 4860 Y Street, Suite
2500, Sacramento, CA 95817, Ph: (916) 734-6881, Fax: (916) 734-6666, lewaetjen@ucdavis.edu.
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Menopausal transition and the risk of urinary incontinence:
results from a British prospective cohort

Gita D. Mishra, Linda Cardozo*, and Diana Kuh
MRC unit for Lifelong Health and Ageing, University College and Royal Free Medical School
*Kings College London, London, UK

Abstract
OBJECTIVE—To investigate the effect of menopausal transition and age on symptoms of
urinary incontinence in midlife.

SUBJECTS AND METHODS—The study included a nationally representative cohort of 1211
women followed up since their birth in 1946 and annually from 48–54 years; their menopausal
transition status and symptoms of stress, urge, and severe urinary incontinence (UI) at 7
consecutive years from ages 48–54 were assessed.

RESULTS—From Generalized Estimating Equations, women who became perimenopausal (‘pre-
peri’) or those experiencing perimenopause for >1 year (‘peri-peri’) were more likely to have
symptoms of stress UI than were postmenopausal women; the odds ratio (95% confidence
interval) was; pre-peri 1.39 (1.11–1.73); and peri-peri 1.39 (1.4–1.71). Menopausal transition
status was not associated with urge or severe UI. These relationships were not explained by age,
childhood enuresis, reproductive factors, previous health status, body mass index and educational
qualifications.

CONCLUSION—This study is unique in being able to disentangle the effects of age, menopausal
transitions, and other life-long risk factors on UI. Menopausal transition was only related to stress
UI, while increasing age was related to both stress and urge UI. This study suggests that there are
both shared and distinct aetiological pathways leading to each type of UI.

Keywords
menopause; stress incontinence; urge incontinence; severe incontinence

INTRODUCTION
The effect of severe urinary incontinence (UI) might have a significant effect on women’s
lives [1], but even mild UI can affect daily life in subtle but noticeable ways. UI is
commonly experienced during midlife among women [2,3]. The prevalence of stress UI
peaks during the perimenopausal years (age 45–49 years), and for urge UI it increases with
age [2,3]. From our previous findings, using prospective data from the Medical Research
Council National Survey of Health and Development (NSHD) cohort, just under half of the
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Correspondence: Gita Mishra, MRC Unit for Lifelong Health and Ageing – Epidemiology and Public Health, 33 Bedford Place,
London WC1 B5J UK. g.mishra@nshd.mrc.ac.uk.
Ethical approval: North Thames Multicentre Research Ethics Committee.
CONFLICT OF INTEREST
None declared.

Europe PMC Funders Group
Author Manuscript
BJU Int. Author manuscript; available in PMC 2012 November 08.

Published in final edited form as:
BJU Int. 2010 October ; 106(8): 1170–1175. doi:10.1111/j.1464-410X.2010.09321.x.

 Europe PM
C Funders A

uthor M
anuscripts

 Europe PM
C Funders A

uthor M
anuscripts

Mishra%BJU%int%2010%



15/11/2014'

11'

Impact'du'traitement'hormonal'subsCtuCf'

Hendrix,%JAMA%2005%

•  RCT'WHI'
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PaCentes'indemnes'd’IU'à'l’inclusion'estrogen alone: 76 vs 50 cases [RR, 1.79;
95% CI, 1.26-2.53]) (TABLE 4). A sig-
nificant effect of hormones on urge UI
was not observed in the E ! P trial (304
vs 272 cases [RR, 1.15; 95% CI, 0.99-
1.34]), but an increase in risk was ob-
served in the estrogen alone trial (210 vs
184 cases [RR, 1.32; 95% CI, 1.10-1.58]).

When comparing amount, degree of
bother, and limitations, there were no
differences by treatment group for
either estrogen alone or E ! P trial par-
ticipants, except for degree of bother in
those treated with estrogen alone. In
this subgroup analysis, rates of bother
were a little, not at all, or somewhat
(29% for CEE alone compared with 8%
for placebo), very (41% vs 55%) and ex-
tremely disturbing (30% vs 37%, re-
spectively) (P = .04).

Table 4 includes RRs by subgroups
corresponding to interactions that were
significant at P".05 for stress, mixed, or
urge UI. Older women and women who
have been postmenopausal for a longer
duration tended to be at higher risk for
MHT effects on incident stress UI
(P".001 for CEE ! MPA and P=.002
for CEE alone with respect to interac-
tion with age). Similar age trends can be
seen for urge and mixed UI for estro-
gen alone (P#.05). Although the inter-
actions between prior MHT use and CEE
! MPA, diabetes and CEE ! MPA, and
smoking and CEE alone achieved nomi-
nal statistical significance (P".05) in
modifying the risk for stress, urge, and
mixed UI, respectively, these findings are
within the realm of chance in that there
does not appear to be any pattern be-
tween UI types or MHT treatments or
any biological mechanism explaining
these findings. Table 4 displays the main
comparisons of interest (a total of 2 trials
$ 3 types of UI $ 18 baseline charac-
teristics = 108 comparisons made; com-
plete data available on request).

Interaction for stress UI and CEE !
MPA is probably a chance finding for
small groupings such as women who
used %-blockers. Ethnicity, body mass
index, duration of prior hormone use,
asthma, emphysema, stroke, age at first
birth, parity, breastfeeding, use of thia-
zide or loop diuretics, anticholiner-

gics, calcium channel blockers, opi-
ates, sedatives, or alcohol did not
substantially alter the effect of MHT on
the incidence of stress UI. No sub-
groups of women were identified to be
at significantly higher or lower risk of
incident urge or mixed UI. Subgroup
analyses did not show a significant effect
of race/ethnicity on the effect of MHT
on UI (data available on request).

Because of the slight imbalance of
baseline characteristics and treatment as-
signment in Table 1 and Table 2 (ie, em-
physema by CEE ! MPA assignment
and parity by estrogen alone assign-
ment), we also adjusted for emphy-
sema in a sensitivity analysis. The RR for
stress UI changed from 1.87 to 1.88, the
RR for urge UI changed from 1.15 to
1.13, and the RR for mixed UI changed
from 1.49 to 1.48. Adjustment for par-
ity in the regression models correspond-
ing to the estrogen alone trial did not
change any of the RRs.

To account for different definitions
of UI, we performed a sensitivity analy-
sis and found that the risk of incident
UI due to MHT was robust to multiple
definitions of UI (ie, increasing the fre-
quency threshold used to define UI;
TABLE 5). For example, if we change the
definition for UI from “within the last
year” to “more than once a week,” the
RR for stress UI changes slightly from

1.87 (95% CI, 1.61-2.18) to 2.28 (95%
CI, 1.91-2.73). Therefore, regardless of
whatever definition of UI is thought to
be clinically meaningful, these results
still apply.

Worsening of Prevalent UI
For those women who reported UI
(stress, urge, or mixed) at baseline, MHT
increased the likelihood of worsening
amount of UI (TABLE 6; CEE ! MPA:
RR, 1.20 [95% CI, 1.06-1.36]; CEE alone:
RR, 1.59 [95% CI, 1.39-1.82]); worsen-
ing frequency of UI (TABLE 7; CEE !
MPA: RR, 1.38 [95% CI, 1.28-1.49]; CEE
alone:RR,1.47[95%CI,1.35-1.61]); and
worsening limitations in daily activities
related to UI (TABLE 8; CEE ! MPA: RR,
1.18 [95% CI, 1.06-1.32]; CEE alone: RR,
1.29 [95% CI, 1.15-1.45]). Menopausal
hormone therapy also increased the like-
lihood of worsening degree of bother or
disturbance attributed to UI (TABLE 9;
CEE ! MPA: RR, 1.22 [95% CI, 1.13-
1.32]; CEE alone: RR, 1.50 [95% CI,
1.37-1.65]).

When we assessed worsening of UI by
type of UI (urge, stress, and mixed) at
baseline, overall worsening was inde-
pendent of type of UI. The exception to
this was the effect of CEE ! MPA on
worsening of frequency, for which the
RR was 1.41 (95% CI, 1.21-1.64) for
stress UI; 1.15 (95% CI, 1.02-1.30) for

Table 5. Sensitivity Analysis of Definitions of Incident Urinary Incontinence at 1 Year in
Asymptomatic Women

Frequency of Urinary Incontinence
at Baseline and 1 Year

Relative Risk (95% Confidence Interval)

CEE + MPA vs Placebo CEE Alone vs Placebo
Stress

Within last year 1.87 (1.61-2.18) 2.15 (1.77-2.62)
&1/mo but "1/wk 1.93 (1.67-2.23) 2.21 (1.85-2.65)
'1/wk but "1/d 2.28 (1.91-2.73) 2.59 (2.10-3.18)
Daily 2.48 (1.84-3.33) 2.39 (1.75-3.27)

Urge
Within last year 1.15 (0.99-1.34) 1.32 (1.10-1.58)
&1/mo but "1/wk 1.12 (0.97-1.30) 1.36 (1.15-1.61)
'1/wk but "1/d 1.02 (0.87-1.20) 1.31 (1.08-1.59)
Daily 1.12 (0.84-1.49) 1.36 (1.01-1.83)

Mixed
Within last year 1.49 (1.10-2.01) 1.79 (1.26-2.53)
&1/mo but "1/wk 1.69 (1.35-2.11) 1.83 (1.42-2.36)
'1/wk but "1/d 1.72 (1.40-2.12) 1.99 (1.58-2.50)
Daily 1.73 (1.33-2.24) 2.17 (1.66-2.85)

Abbreviations: CEE, conjugated equine estrogen; MPA, medroxyprogesterone acetate.

HORMONE THERAPY AND URINARY INCONTINENCE

©2005 American Medical Association. All rights reserved. (Reprinted) JAMA, February 23, 2005—Vol 293, No. 8 943

Downloaded From: http://jama.jamanetwork.com/ on 11/10/2014

36.7% of those in the estrogen alone trial;
urge UI, 34.8% in the E ! P trial and
36.4% in the estrogen alone trial; and
mixed UI, 23.8% in the E ! P trial and
26.2% in the estrogen alone trial. Fi-
nally, UI only at night was reported by
0.5% of E ! P trial participants and 0.7%
of estrogen alone trial participants. There
were no differences in participant char-
acteristics by baseline hormone use. Par-
ticipants with mixed UI tended to have
leakage more frequently and tended to
report more impact on quality of life in
terms of activity limitations and bother
attributed to UI (TABLE 3).

Women with missing UI data at base-
line or 1 year in both MHT trials were
more likely to be younger, to be from
a racial/ethnic minority group, to con-
sume less alcohol, and to be less healthy
(ie, more sedentary, poorer self-
reported health, and more likely to have
emphysema or Parkinson disease). For

the estrogen alone trial, women with
missing UI data were more likely to re-
port asthma, while E ! P trial women
with missing UI data were more likely
to report being closer to menopause,
obese, and a current smoker and to have
a history of colitis (data available from
authors on request).

Participant Follow-Up
At 1 year, vital status was known for
99.9% of participants, including 0.2%
who were deceased and 0.1% who were
lost to follow-up. During the first year,
9.7% of women receiving CEE ! MPA
and 6.6% receiving placebo stopped tak-
ing study pills for various reasons. Over-
all, the rate of adherence (taking 80%
of the pills) to the study protocol was
74% in the CEE ! MPA group and 81%
in the placebo group at 1 year.

For the estrogen alone trial at 1 year,
vital status was known for 100% of par-

ticipants, including 0.4% who were de-
ceased. During the first year, study pills
were stopped for various reasons by 8.4%
of women randomized to CEE alone and
8.0% of women randomized to pla-
cebo. Overall, 77.4% of women random-
ized to CEE alone and 81.4% of women
randomized to placebo were adherent
(taking at least 80% of pills) at 1 year.

Incident UI
For those women who were asymptom-
atic at baseline, MHT was associated with
an increased incidence at 1 year of (1)
any UI (E ! P trial: 834 vs 563 cases [RR,
1.39; 95% confidence interval {CI}, 1.27-
1.52]; estrogen alone trial: 557 vs 368
cases [RR, 1.53; 95% CI, 1.37-1.71]); (2)
stress UI (E ! P: 429 vs 218 cases [RR,
1.87; 95% CI, 1.61-2.18]; estrogen alone:
266 vs 131 cases [RR, 2.15; 95% CI, 1.77-
2.62]); and (3) mixed UI (E ! P: 99 vs
69 cases [RR, 1.49; 95% CI, 1.10-2.01];

Table 4. Incident Urinary Incontinence at 1 Year in Women Asymptomatic at Baseline* (cont)
No. (%) of Participants

RR (95% CI)
P

Value†

No. (%) of Participants

RR (95% CI)
P

Value†
CEE + MPA
(n = 2675)

Placebo
(n = 2507)

CEE Alone
(n = 1526)

Placebo
(n = 1547)

Mixed Urinary Incontinence
Total participants 99 (3.7) 69 (2.8) 1.49 (1.10-2.01) .01 76 (5.0) 50 (3.2) 1.79 (1.26-2.53) .001
Age at screening, y

50-54 7 (2.1) 3 (1.0) 2.11 (0.55-8.06) 7 (3.4) 7 (3.2) 1.07 (0.38-2.99)
55-59 21 (3.5) 20 (3.5) 1.05 (0.58-1.91)

.26
5 (1.9) 8 (3.1) 0.69 (0.23-2.06)

.04
60-69 45 (3.6) 33 (2.9) 1.46 (0.94-2.26) 40 (5.7) 24 (3.3) 2.05 (1.25-3.35)
70-79 26 (5.2) 13 (2.7) 2.24 (1.17-4.30) 24 (6.9) 11 (3.3) 2.63 (1.32-5.25)

Duration since menopause, y
"5 13 (3.3) 10 (2.6) 1.32 (0.59-2.96) 5 (5.4) 0 2.62 (0.94-7.30)
5 to "10 15 (3.2) 11 (2.3) 1.53 (0.71-3.29)

.73
2 (1.4) 6 (4.4) 0.36 (0.07-1.74)

.46
10 to "15 18 (3.5) 15 (3.0) 1.31 (0.67-2.56) 8 (4.1) 10 (4.9) 0.89 (0.36-2.20)
#15 42 (4.2) 29 (3.0) 1.58 (0.99-2.50) 49 (6.0) 29 (3.4) 2.11 (1.35-3.30)

Hormone use
Never 73 (3.7) 54 (2.8) 1.43 (1.01-2.02) 35 (4.2) 30 (3.6) 1.36 (0.85-2.18)
Past 18 (3.3) 13 (2.8) 1.39 (0.69-2.79) .49 34 (6.3) 15 (2.7) 2.65 (1.47-4.79) .15
Current 8 (5.1) 2 (1.4) 3.64 (0.79-16.79) 7 (4.6) 5 (3.1) 1.75 (0.57-5.35)

Smoking
Never 50 (3.6) 29 (2.3) 1.75 (1.12-2.74) 44 (5.6) 21 (2.5) 2.57 (1.55-4.27)
Past 41 (4.1) 34 (3.7) 1.26 (0.81-1.96) .52 30 (5.4) 22 (4.1) 1.51 (0.89-2.58) .05
Current 8 (2.9) 4 (1.5) 2.12 (0.65-6.95) 2 (1.2) 6 (3.4) 0.38 (0.08-1.86)

Diabetes
Absent 93 (3.7) 68 (2.9) 1.43 (1.06-1.95)

.24
70 (5.0) 46 (3.3) 1.76 (1.23-2.53)

.81
Present 6 (4.4) 1 (0.8) 5.01 (0.61-40.81) 6 (5.3) 4 (2.9) 2.07 (0.60-7.11)

$-Blocker use
Absent 92 (3.6) 68 (2.9) 1.39 (1.02-1.89)

.09
73 (5.2) 48 (3.3) 1.81 (1.27-2.58)

.81
Present 7 (5.4) 1 (0.8) 8.56 (1.07-68.38) 3 (2.5) 2 (2.0) 1.48 (0.25-8.60)

Abbreviations: CEE, conjugated equine estrogen; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk.
*Subgroup totals may not sum to number randomized in each group because of missing data.
†Calculated from a logistic regression model.
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Table 4. Incident Urinary Incontinence at 1 Year in Women Asymptomatic at Baseline*
No. (%) of Participants

RR (95% CI)
P

Value†

No. (%) of Participants

RR (95% CI)
P

Value†
CEE + MPA
(n = 2675)

Placebo
(n = 2507)

CEE Alone
(n = 1526)

Placebo
(n = 1547)

Stress Urinary Incontinence

Total participants 429 (16.0) 218 (8.7) 1.87 (1.61-2.18) !.001 266 (17.4) 131 (8.5) 2.15 (1.77-2.62) !.001

Age at screening, y
50-54 34 (10.0) 35 (11.4) 0.90 (0.58-1.40) 28 (13.5) 26 (11.7) 1.13 (0.69-1.86)

55-59 86 (14.3) 49 (8.6) 1.63 (1.18-2.27)
!.001

49 (18.4) 20 (7.7) 2.32 (1.42-3.77)
.002

60-69 227 (18.4) 102 (8.9) 2.11 (1.70-2.62) 130 (18.5) 69 (9.5) 2.10 (1.60-2.74)

70-79 82 (16.4) 32 (6.6) 2.59 (1.77-3.81) 59 (16.9) 16 (4.8) 3.91 (2.31-6.60)

Duration since menopause, y
!5 51 (12.8) 42 (10.9) 1.21 (0.83-1.77) 12 (13.0) 15 (15.2) 0.95 (0.47-1.90)

5 to !10 68 (14.5) 42 (8.7) 1.70 (1.19-2.44)
.005

21 (14.6) 9 (6.6) 2.18 (1.04-4.57)
.02

10 to !15 97 (18.6) 47 (9.3) 2.00 (1.45-2.77) 35 (18.0) 17 (8.4) 2.01 (1.17-3.44)

"15 165 (16.5) 69 (7.2) 2.33 (1.79-3.03) 139 (17.0) 61 (7.1) 2.56 (1.93-3.39)

Hormone use
Never 304 (15.4) 158 (8.3) 1.87 (1.57-2.24) 144 (17.2) 66 (7.9) 2.25 (1.72-2.95)

Past 106 (19.7) 38 (8.2) 2.41 (1.71-3.41) .008 96 (17.8) 46 (8.4) 2.24 (1.62-3.10) .55

Current 19 (12.1) 22 (15.3) 0.85 (0.48-1.50) 26 (17.1) 19 (11.7) 1.60 (0.93-2.75)

Smoking
Never 235 (16.9) 113 (8.9) 1.93 (1.57-2.38) 130 (16.5) 66 (8.0) 2.23 (1.69-2.93)

Past 161 (16.3) 78 (8.5) 1.95 (1.52-2.51) .46 108 (19.5) 54 (10.1) 1.98 (1.47-2.67) .82

Current 33 (11.9) 24 (8.7) 1.42 (0.87-2.33) 26 (15.2) 10 (5.7) 2.56 (1.28-5.12)

Diabetes
Absent 411 (16.2) 203 (8.5) 1.94 (1.66-2.27)

.10
249 (17.6) 118 (8.4) 2.19 (1.79-2.69)

.48
Present 18 (13.3) 14 (11.4) 1.11 (0.58-2.11) 17 (15.0) 13 (9.4) 1.72 (0.88-3.36)

#-Blocker use
Absent 411 (16.1) 215 (9.1) 1.81 (1.55-2.11)

.03
238 (16.9) 120 (8.3) 2.14 (1.75-2.63)

.92
Present 18 (13.8) 3 (2.3) 6.69 (2.03-22.05) 28 (23.5) 11 (11.2) 2.11 (1.12-3.98)

Urge Urinary Incontinence

Total participants 304 (11.4) 272 (10.8) 1.15 (0.99-1.34) .06 210 (13.8) 184 (11.9) 1.32 (1.10-1.58) .003

Age at screening, y
50-54 37 (10.9) 28 (9.1) 1.18 (0.75-1.88) 14 (6.7) 18 (8.1) 0.85 (0.44-1.66)

55-59 49 (8.1) 55 (9.6) 0.90 (0.63-1.30)
.46

24 (9.0) 28 (10.7) 0.94 (0.56-1.57)
.05

60-69 145 (11.8) 120 (10.5) 1.26 (1.01-1.58) 101 (14.4) 81 (11.1) 1.49 (1.14-1.95)

70-79 73 (14.6) 69 (14.2) 1.20 (0.89-1.61) 71 (20.3) 57 (17.0) 1.45 (1.07-1.98)

Duration since menopause, y
!5 40 (10.0) 32 (8.3) 1.25 (0.80-1.93) 11 (12.0) 9 (9.1) 1.37 (0.60-3.12)

5 to !10 48 (10.2) 46 (9.5) 1.17 (0.80-1.70)
.89

15 (10.4) 12 (8.8) 1.26 (0.62-2.58)
.35

10 to !15 54 (10.4) 50 (9.9) 1.17 (0.81-1.67) 19 (9.8) 30 (14.8) 0.74 (0.43-1.26)

"15 134 (13.4) 124 (13.0) 1.17 (0.93-1.46) 130 (15.9) 108 (12.6) 1.46 (1.16-1.84)

Hormone use
Never 225 (11.4) 208 (11.0) 1.14 (0.96-1.36) 113 (13.5) 96 (11.5) 1.33 (1.03-1.70)

Past 63 (11.7) 54 (11.6) 1.16 (0.83-1.62) .89 77 (14.3) 75 (13.7) 1.23 (0.92-1.64) .58

Current 15 (9.6) 10 (6.9) 1.38 (0.65-2.96) 20 (13.2) 13 (8.0) 1.81 (0.94-3.49)

Smoking
Never 149 (10.7) 138 (10.8) 1.11 (0.89-1.37) 113 (14.3) 93 (11.2) 1.47 (1.14-1.89)

Past 120 (12.1) 103 (11.2) 1.20 (0.94-1.53) .84 71 (12.8) 66 (12.3) 1.19 (0.87-1.62) .42

Current 33 (11.9) 28 (10.2) 1.24 (0.77-1.98) 22 (12.9) 23 (13.2) 1.06 (0.62-1.81)

Diabetes
Absent 290 (11.4) 249 (10.4) 1.21 (1.03-1.41)

.03
196 (12.1) 171 (12.1) 1.30 (1.08-1.58)

.78
Present 14 (10.4) 23 (18.7) 0.59 (0.32-1.09) 14 (9.4) 13 (9.4) 1.46 (0.72-2.96)

#-Blocker use
Absent 286 (11.2) 258 (10.9) 1.13 (0.97-1.33)

.34
196 (13.9) 171 (11.8) 1.34 (1.11-1.62)

.53
Present 18 (13.8) 14 (10.6) 1.57 (0.82-3.00) 14 (11.8) 13 (13.3) 1.06 (0.53-2.13)

(continued)
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Table 4. Incident Urinary Incontinence at 1 Year in Women Asymptomatic at Baseline*
No. (%) of Participants

RR (95% CI)
P

Value†

No. (%) of Participants

RR (95% CI)
P

Value†
CEE + MPA
(n = 2675)

Placebo
(n = 2507)

CEE Alone
(n = 1526)

Placebo
(n = 1547)

Stress Urinary Incontinence

Total participants 429 (16.0) 218 (8.7) 1.87 (1.61-2.18) !.001 266 (17.4) 131 (8.5) 2.15 (1.77-2.62) !.001

Age at screening, y
50-54 34 (10.0) 35 (11.4) 0.90 (0.58-1.40) 28 (13.5) 26 (11.7) 1.13 (0.69-1.86)

55-59 86 (14.3) 49 (8.6) 1.63 (1.18-2.27)
!.001

49 (18.4) 20 (7.7) 2.32 (1.42-3.77)
.002

60-69 227 (18.4) 102 (8.9) 2.11 (1.70-2.62) 130 (18.5) 69 (9.5) 2.10 (1.60-2.74)

70-79 82 (16.4) 32 (6.6) 2.59 (1.77-3.81) 59 (16.9) 16 (4.8) 3.91 (2.31-6.60)

Duration since menopause, y
!5 51 (12.8) 42 (10.9) 1.21 (0.83-1.77) 12 (13.0) 15 (15.2) 0.95 (0.47-1.90)

5 to !10 68 (14.5) 42 (8.7) 1.70 (1.19-2.44)
.005

21 (14.6) 9 (6.6) 2.18 (1.04-4.57)
.02

10 to !15 97 (18.6) 47 (9.3) 2.00 (1.45-2.77) 35 (18.0) 17 (8.4) 2.01 (1.17-3.44)

"15 165 (16.5) 69 (7.2) 2.33 (1.79-3.03) 139 (17.0) 61 (7.1) 2.56 (1.93-3.39)

Hormone use
Never 304 (15.4) 158 (8.3) 1.87 (1.57-2.24) 144 (17.2) 66 (7.9) 2.25 (1.72-2.95)

Past 106 (19.7) 38 (8.2) 2.41 (1.71-3.41) .008 96 (17.8) 46 (8.4) 2.24 (1.62-3.10) .55

Current 19 (12.1) 22 (15.3) 0.85 (0.48-1.50) 26 (17.1) 19 (11.7) 1.60 (0.93-2.75)

Smoking
Never 235 (16.9) 113 (8.9) 1.93 (1.57-2.38) 130 (16.5) 66 (8.0) 2.23 (1.69-2.93)

Past 161 (16.3) 78 (8.5) 1.95 (1.52-2.51) .46 108 (19.5) 54 (10.1) 1.98 (1.47-2.67) .82

Current 33 (11.9) 24 (8.7) 1.42 (0.87-2.33) 26 (15.2) 10 (5.7) 2.56 (1.28-5.12)

Diabetes
Absent 411 (16.2) 203 (8.5) 1.94 (1.66-2.27)

.10
249 (17.6) 118 (8.4) 2.19 (1.79-2.69)

.48
Present 18 (13.3) 14 (11.4) 1.11 (0.58-2.11) 17 (15.0) 13 (9.4) 1.72 (0.88-3.36)

#-Blocker use
Absent 411 (16.1) 215 (9.1) 1.81 (1.55-2.11)

.03
238 (16.9) 120 (8.3) 2.14 (1.75-2.63)

.92
Present 18 (13.8) 3 (2.3) 6.69 (2.03-22.05) 28 (23.5) 11 (11.2) 2.11 (1.12-3.98)

Urge Urinary Incontinence

Total participants 304 (11.4) 272 (10.8) 1.15 (0.99-1.34) .06 210 (13.8) 184 (11.9) 1.32 (1.10-1.58) .003

Age at screening, y
50-54 37 (10.9) 28 (9.1) 1.18 (0.75-1.88) 14 (6.7) 18 (8.1) 0.85 (0.44-1.66)

55-59 49 (8.1) 55 (9.6) 0.90 (0.63-1.30)
.46

24 (9.0) 28 (10.7) 0.94 (0.56-1.57)
.05

60-69 145 (11.8) 120 (10.5) 1.26 (1.01-1.58) 101 (14.4) 81 (11.1) 1.49 (1.14-1.95)

70-79 73 (14.6) 69 (14.2) 1.20 (0.89-1.61) 71 (20.3) 57 (17.0) 1.45 (1.07-1.98)

Duration since menopause, y
!5 40 (10.0) 32 (8.3) 1.25 (0.80-1.93) 11 (12.0) 9 (9.1) 1.37 (0.60-3.12)

5 to !10 48 (10.2) 46 (9.5) 1.17 (0.80-1.70)
.89

15 (10.4) 12 (8.8) 1.26 (0.62-2.58)
.35

10 to !15 54 (10.4) 50 (9.9) 1.17 (0.81-1.67) 19 (9.8) 30 (14.8) 0.74 (0.43-1.26)

"15 134 (13.4) 124 (13.0) 1.17 (0.93-1.46) 130 (15.9) 108 (12.6) 1.46 (1.16-1.84)

Hormone use
Never 225 (11.4) 208 (11.0) 1.14 (0.96-1.36) 113 (13.5) 96 (11.5) 1.33 (1.03-1.70)

Past 63 (11.7) 54 (11.6) 1.16 (0.83-1.62) .89 77 (14.3) 75 (13.7) 1.23 (0.92-1.64) .58

Current 15 (9.6) 10 (6.9) 1.38 (0.65-2.96) 20 (13.2) 13 (8.0) 1.81 (0.94-3.49)

Smoking
Never 149 (10.7) 138 (10.8) 1.11 (0.89-1.37) 113 (14.3) 93 (11.2) 1.47 (1.14-1.89)

Past 120 (12.1) 103 (11.2) 1.20 (0.94-1.53) .84 71 (12.8) 66 (12.3) 1.19 (0.87-1.62) .42

Current 33 (11.9) 28 (10.2) 1.24 (0.77-1.98) 22 (12.9) 23 (13.2) 1.06 (0.62-1.81)

Diabetes
Absent 290 (11.4) 249 (10.4) 1.21 (1.03-1.41)

.03
196 (12.1) 171 (12.1) 1.30 (1.08-1.58)

.78
Present 14 (10.4) 23 (18.7) 0.59 (0.32-1.09) 14 (9.4) 13 (9.4) 1.46 (0.72-2.96)

#-Blocker use
Absent 286 (11.2) 258 (10.9) 1.13 (0.97-1.33)

.34
196 (13.9) 171 (11.8) 1.34 (1.11-1.62)

.53
Present 18 (13.8) 14 (10.6) 1.57 (0.82-3.00) 14 (11.8) 13 (13.3) 1.06 (0.53-2.13)

(continued)
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Volume'fuites' 1.20'(1.06T1.36)''
'

.004''
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1.59'(1.39T1.82)''
'

<.001''
'

Degrés'de'gêne' 1.22'(1.13T1.32)''
'

<.001''
'

1.50'(1.37T1.65)''
'

<.001''
'

Fréquence'des'symptômes' 1.38'(1.28T1.49)''
'

<.001''
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1.47'(1.35T1.61)''
'

<.001''
'

Liberté'de'mouvement' 1.18'(1.06T1.32)''
'

.002''
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1.29'(1.15T1.45)''
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<.001''
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Analysis 1.3. Comparison 1 Oestrogen versus placebo or no treatment, Outcome 3 Incontinence not

improved (generic inverse variance) (women’s observations).

Review: Oestrogen therapy for urinary incontinence in post-menopausal women

Comparison: 1 Oestrogen versus placebo or no treatment

Outcome: 3 Incontinence not improved (generic inverse variance) (women’s observations)

Study or subgroup Oestrogen

Placebo /
no

treatment log [RR] RR Weight RR

N N (SE) IV,Fixed,95% CI IV,Fixed,95% CI

1 Systemic administration (any incontinence)

Cardozo 1993 S 36 33 -0.1393 (0.2098) 8.1 % 0.87 [ 0.58, 1.31 ]

HendrixA (no uterus) S 2950 2970 0.4637 (0.0688) 75.2 % 1.59 [ 1.39, 1.82 ]

Jackson 1999 S 29 32 -0.3011 (0.2305) 6.7 % 0.74 [ 0.47, 1.16 ]

Rufford 2003 S 25 21 -0.1744 (0.2469) 5.8 % 0.84 [ 0.52, 1.36 ]

Walter 1978 S 11 10 -0.9163 (0.4134) 2.1 % 0.40 [ 0.18, 0.90 ]

Wilson 1987 S 16 18 -0.5798 (0.4187) 2.0 % 0.56 [ 0.25, 1.27 ]

Subtotal (95% CI) 3067 3084 100.0 % 1.32 [ 1.17, 1.48 ]
Heterogeneity: Chi2 = 33.45, df = 5 (P<0.00001); I2 =85%

Test for overall effect: Z = 4.63 (P < 0.00001)

2 Local administration (any incontinence)

Dessole 2004 L 44 44 -0.9676 (0.2295) 10.5 % 0.38 [ 0.24, 0.60 ]

Henalla 1989 L 24 25 -0.1278 (0.0868) 73.6 % 0.88 [ 0.74, 1.04 ]

Kurz 1993 L 21 21 -1.3863 (0.4654) 2.6 % 0.25 [ 0.10, 0.62 ]

Sacco 1990 L 17 17 -0.5108 (0.204) 13.3 % 0.60 [ 0.40, 0.89 ]

Subtotal (95% CI) 106 107 100.0 % 0.74 [ 0.64, 0.86 ]
Heterogeneity: Chi2 = 18.91, df = 3 (P = 0.00028); I2 =84%

Test for overall effect: Z = 4.02 (P = 0.000058)

0.1 0.2 0.5 1 2 5 10

Favours oestrogen Favours placebo

63Oestrogen therapy for urinary incontinence in post-menopausal women (Review)
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tive data on the stage of pelvic organ support in  a gyne-
cologic clinic population.

Material and methods
This was an observational study. The study population

consisted of 497 women ≥18 years old who were seen at
any of 4 centers for annual Papanicolaou test and pelvic
examination. Subjects were also eligible if they were
being seen for evaluation of specific gynecologic com-
plaints and it had been >1 year since their last pelvic ex-
amination and Papanicolaou test and a portion of the
visit was therefore dedicated to routine gynecologic
health  care. Pregnant patients or patients within 6 weeks
post partum were not recruited. Only patients seen by ob-
stetrics and gynecology residents or attending physicians
familiar with the pelvic organ prolapse quantification sys-
tem were recruited to participate in  the study. After in-
formed consent had been obtained, subjects underwent
the pelvic organ prolapse quantification system examina-
tion in  the dorsal lithotomy position.11 All points except
the total vaginal length were recorded with the subject
per forming maximal Valsalva effort. If it was considered
that a subject was not able to per form a Valsalva maneu-
ver, she was coached by the examiner in  the per formance
of a Valsalva maneuver. If she still could not per form a
Valsalva maneuver, the measurements were recorded
with the subject coughing forcefully. The measurements
were taken with a wooden spatula marked at 1-cm inter-
vals according to the technique previously described.9

Subjects were then assigned a pelvic organ prolapse
quantification system stage as previously described9: stage
0, no prolapse is demonstrated; stage 1, the most distal
portion of the prolapse is >1 cm above the hymen; stage
2, the most distal portion of the prolapse is ≤1 cm proxi-
mal or distal to the plane of the hymen; stage 3, the most
distal portion of the prolapse is >1 cm below the plane of
the hymen but protrudes no further than 2 cm less than
the total vaginal length; and stage 4, eversion of the total
lower genital tract is essentially complete.

At this visit various biographic and historical data were
collected. These included the following: age, gravidity,
parity, number of vaginal deliveries, weight of largest in-
fant delivered vaginally, menopausal status, hormone re-

placement therapy, and medical history. Data on history
of pelvic surgery were also collected. Hysterectomy was
classified as either vaginal or abdominal. Pelvic organ
prolapse surgery was classified as anterior or posterior re-
pair, abdominal surgery done specifically to correct pelvic
organ prolapse, or vaginal surgery done to specifically
correct pelvic organ prolapse. Through patient recall it
could not be reliably determined whether vaginal hys-
terectomy had been done for prolapse or other indica-
tions, so no vaginal hysterectomies were included as pro-
lapse operations unless they were done in  conjunction
with another prolapse operation as defined.

Standard descriptive statistics were calculated accord-
ing to the pelvic organ prolapse quantification system
stage to develop normative data on pelvic organ support.
Pearson χ2 statistics were used to determine the relation-
ship between stage and the other variables identified by
the biographic data.

This study was approved by the institutional review
board for human research at each of the study sites (Med-
ical University of South Carolina, Charleston; Mountain
Area Health  Education Center, Asheville, NC; Greenville
Hospital Systems, Greenville, SC; and the practice of
Steven Lewis, MD, Upstate Carolina Medical Center,
Gaffney, SC) .

Results
A total of 497 women were examined between June 1997

and November 1998 at 4 centers. Eighty-six percent of the
subjects were seen at the primary site, which was a house
staff general outpatient obstetrics and gynecology clinic at
the Medical University of South Carolina. The other 14%
were evenly divided among the other 3 outpatient obstet-
rics and gynecology clinics. The average age of the subjects
was 44 years. Fifty-two percent were black, 47% were white,
and 1% were of other racial background.

The pelvic organ prolapse quantification system stages
for the population were as follows: stage 0, 6.4%; stage 1,
43.3%; stage 2, 47.7%; and stage 3, 2.6%. No subjects ex-
amined had pelvic organ prolapse quantification system
stage 4 prolapse.

Table I shows the percentages of subjects with the vari-
ous pelvic organ prolapse quantification system stages ac-
cording to age group. Pearson χ2 analysis revealed a sig-
nificant trend toward increasing pelvic organ prolapse
quantification system stage as age increased (P < .0001) .

Tables II through IV show the effects of gravidity, parity,
and number of vaginal deliveries on stage of pelvic organ
support. All these variables likewise showed a statistically
significant trend toward increased pelvic organ prolapse
quantification system stage with increasing number of
pregnancies and vaginal deliveries (all P < .0001) . A χ2

analysis on vaginal delivery of an infant with normal
weight versus a macrosomic infant (>4000 g)  also showed
a statistically significant trend (P < .0001) , with 70.1% of

278 Swift August 2000
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Table I. Percentages of subjects in  each age group with
various stages of pelvic organ support according to
pelvic organ prolapse quantification system

Age (y) Stage 0 Stage 1 Stage 2 Stage 3

18-29 (n = 66) 22.7% 50.0% 27.3% —
30-39 (n = 116) 6.9% 50.9% 41.4% 0.9%
40-49 (n = 154) 2.6% 44.2% 51.9% 1.3%
50-59 (n = 95) 3.2% 38.9% 55.8% 2.1%
60-69 (n = 47) 4.3% 27.7% 59.6% 8.5%
≥70 (n = 19) — 26.3% 52.6% 21.1%
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Table

Weighted Prevalence Rates of Pelvic Floor Disorders by Demographic Categories in Nonpregnant US Women (N = 1961)a

Variable No. of Women

Weighted Prevalence, % (95% Confidence Interval)

Urinary Incontinence (n = 331) Fecal Incontinence (n = 176) Pelvic Organ Prolapse (n = 58) ≥1 Pelvic Floor Disorder (n = 470)

Overall 1961 15.7 (13.2–18.2) 9.0 (7.3–10.7) 2.9 (2.1–3.7) 23.7 (21.2–26.2)

Age, y
 20–39 641 6.9 (4.9–9.0) 2.9 (1.9–3.9) 1.6 (0.6–2.6) 9.7 (7.8–11.7)

 40–59 668 17.2 (13.9–20.5) 9.9 (7.4–12.5) 3.8 (2.0–5.7) 26.5 (23.0–29.9)

 60–79 488 23.3 (17.0–29.7) 14.4 (10.4–18.3) 3.0 (0.9–5.1)b 36.8 (32.0–41.6)

 ≥80 150 31.7 (22.3–41.2) 21.6 (12.8–30.4) 4.1 (1.1–7.1)b 49.7 (40.3–59.1)

 P value <.001 <.001 .14 <.001

Race/ethnicity
 Hispanic 420 15.9 (11.1–20.7) 4.8 (1.9–7.6) 5.1 (1.6–8.6)b 20.6 (14.5–26.8)

 Non-Hispanic white 993 16.0 (13.1–19.0) 9.8 (7.6–11.9) 2.8 (1.8–3.8) 24.8 (21.6–28.0)

 Non-Hispanic black 461 13.8 (10.5–17.1) 7.9 (4.9–11.0) 1.9 (0.1–3.8)b 20.7 (16.4–24.9)

 Other 87 15.0 (6.3–23.7) 8.2 (3.7–12.6) 1.5 (0.0–4.7)b 21.6 (14.3–29.0)

 P value .83 .04 .27 .26

Parity
 0 396 6.5 (4.2–8.9) 6.3 (2.9–9.6) 0.6 (0.0–1.5)b 12.8 (9.0–16.6)

 1 293 9.7 (6.4–13.0) 8.8 (4.3–13.3) 2.5 (0.1–4.9)b 18.4 (12.9–23.9)

 2 475 16.3 (12.3–20.3) 8.4 (5.8–11.0) 3.7 (1.7–5.6) 24.6 (19.5–29.8)

 ≥3 768 23.9 (20.1–27.7) 11.5 (8.7–14.3) 3.8 (2.1–5.4) 32.4 (27.8–37.1)

 P value <.001 .07 .04 <.001

Education
 <High school 484 19.5 (15.4–23.6) 10.6 (6.3–14.8) 4.1 (1.7–6.5) 27.5 (21.4–33.5)

 High school diploma 470 16.3 (13.1–19.6) 9.8 (7.0–12.6) 2.2 (0.7–3.8)b 25.9 (23.7–28.2)

 >High school 1006 14.5 (11.5–17.4) 8.2 (5.7–10.7) 2.8 (1.8–3.9) 21.8 (18.4–25.3)

 P value .06 .49 .38 .06

Family poverty income ratio
 <1 316 21.5 (15.3–27.7) 8.1 (4.2–12.1) 5.5 (2.4–8.5) 28.8 (21.8–35.7)

 1–2 496 21.4 (17.3–25.4) 10.7 (8.1–13.4) 4.0 (1.8–6.2) 29.7 (25.1–34.3)
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by reviewing textbooks that uniformly listed the symp-
toms that were queried in our questionnaire. Multiple
subsequent studies have demonstrated that the symp-
toms of urinary and fecal incontinence, splinting or
reducing the bulge to void or evacuate, and the sense of
pelvic pain are not correlated with increasing pelvic
organ prolapse.17,18 The only bothersome symptom that
appears to be related consistently to worsening pelvic
organ prolapse is a vaginal bulge that can be seen or
felt.19,20 Therefore, it is not surprising that this was the
only symptom that demonstrated any ability to classify
pelvic organ prolapse and was the symptom on which
we relied to distinguish pelvic organ prolapse from
normal in this study. The leading edge of the vagina at
or beyond !0.5 cm may not be the most clinically useful
definition of pelvic organ prolapse, but it is consistent
with other reports that demonstrate that, as the vaginal
wall approaches the hymen, subjects tend to report more
bothersome symptoms. The original POPQ document
describes measuring the various points at 1-cm intervals;
if you round up the results of this study, then 0 cm
would be the most clinically useful cut-off for the
definition of pelvic organ prolapse that may be more
clinically useful.11

After a definition of pelvic organ prolapse was
established, an age-adjusted univariate analysis was
performed on various suspected causes to determine
their relative contribution (Table III). The causes, which
were identified by univariate analysis as risk factors,
largely agree with several previous publications and
included increasing age, body mass index, gravidity,
parity, number of vaginal deliveries, and weight of
vaginally delivered infants. In addition, Hispanic and
black race and employment that involved manual labor
appeared to increase the risk of prolapse. Increasing age
as a risk factor for pelvic organ prolapse is intuitive and
is identified consistently as a cause, regardless of the
definition that is used to define pelvic organ prolapse,
and explains our decision for an age-adjusted analy-
sis.3,6,8,19-21 Pregnancy is another commonly cited risk
factor, and the data in this report, again, are consistent
with the literature, which shows a 20% to 40% increase
with either gravidity, parity, vaginal delivery, and in-
creasing weight of a vaginally delivered infant.3,8,18,22,23

Interestingly, vaginal delivery did not increase the odds
ratio over parity alone, which would suggest that it is the
term pregnancy that increases the risk of pelvic organ
prolapse and not the delivery method. It does appear
that the increasing weight of the vaginally delivered
infant is associated with pelvic organ prolapse. We did
not record the weight of the largest infant who was
carried by the subject; therefore, we cannot state
whether large infants are associated with prolapse or
only large infants who are delivered vaginally.

There is very little literature on the impact of job
description and the risk of prolapse. One previous report
on nursing assistants found that women who functioned
in an employment that was associated with a lot of
lifting were more likely to undergo surgical procedures
to correct prolapse. These data would confirm that
report, subjects who self-reported themselves as house-
wife/laborers had a significantly increased risk of pro-
lapse over nonlaborers. However, this did not remain
statistically significant in the multivariate analysis.24

Another area that was analyzed in this study involved
the effect of race on pelvic organ prolapse. There are
only 2 previous reports on race: 1 report noted an
increased risk for Hispanic women, and both reports
noted a decreased risk for black women over white
women.25,26 In the univariate analysis, black race
appeared to have an influence on pelvic organ prolapse,
but this apparent relationship disappeared on multivar-
iate analysis. Therefore, black race may not increase the
risk of pelvic organ prolapse over white race but, in this
population, did not appear to be protective.

Constipation, previous prolapse surgery, and hyster-
ectomy in our population did not increase the risk of
pelvic organ prolapse, which is in contradistinction to
previous studies.7,19 Finally, 3 areas that were deemed
protective were medium and lower socioeconomic status,

Table IV A multivariate logistic regression analysis of those
factors that had a significant relationship by univariate
analysis

Factor Odds ratio (95% CI)

Age (per 10-y) 1.38 (1.09-1.75)
Body mass index (kg/m2)
!25 1.00
25-30 2.51 (1.18-5.35)
O30 2.56 (1.23-5.35)

Race
White 1.00
Black 1.20 (0.44-3.26)
Hispanic 4.29 (1.80-10.2)
Other 2.40 (0.47-12.1)

Parity (per 1 unit) 1.11 (0.71-1.73)
Gravidity (per 1 unit) 0.93 (0.74-1.16)
NVD (per 1 unit) 1.13 (0.89-1.44)
Weight of vaginally
delivered infant (per 10 oz)

1.11 (1.04-1.19)

Hormone replacement
therapy ever

0.98 (0.57-1.69)

Employment labor related
income

1.19 (0.63-2.26)

High (!120K) 1.00
Medium (35-120K) 0.21 (0.06-0.74)
Low (!35K) 0.24 (0.06-0.93)

Smoking history
Never 1.00
Ever 1.20 (0.60-2.41)
Currently 0.90 (0.33-2.46)
Chronic illness (any) 1.05 (0.53-2.09)
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To further investigate these relationships and to deter-
mine the risk of prolapse, logistic regression models were
fit. For the purposes of the models, prolapse was consid-
ered present if any prolapse was identified, regardless of
grade, and was otherwise considered absent. Explanatory
variables that were identified as important from the de-
scriptive analyses were included in the regression models;
variables that did not appear to be clinically or statistically
significant were later removed. Odds ratios (ORs) were
calculated with the use of the maximum likelihood para-
meter estimates from the regression models. ORs were
adjusted for the effect of all other explanatory variables
in the model. Probability values for the ORs were derived
from the Wald χ2 significance tests that were based on the
asymptotic distribution of the parameter estimates.16 The
overall significance of categoric variables, with ≥3 levels,
was assessed by the likelihood ratio test.

Because uterine prolapse data are collected from par-
ticipants with an intact uterus only, the modeling for pro-
lapse was restricted to women who had not undergone
hysterectomy. Conversely, cystocele and rectocele data
were collected for both those with and without hysterec-
tomy. For comparison across each form of prolapse, mod-
els for cystocele and rectocele were adjusted for
hysterectomy status, and the interactions between hys-
terectomy status and risk variables were investigated.

Data management and descriptive statistics were com-
pleted with the SAS system (SAS Institute, Cary, NC) for
Windows version 6.12 (Microsoft Corporation, Red-
mond, Wash). All regression modeling was done with 
S-Plus 2000 for Windows, version 3 (Microsoft Corpora-
tion).

Results
Of the women with a uterus, 41.1% had some form of

prolapse, with 34.3% having cystocele, 14.2% having uter-
ine prolapse, and 18.6% having rectocele. Approximately
1 in 5 participants had prolapse at ≥2 sites. Almost 38% of
women without a uterus had some form of prolapse, with
32.9% having cystocele and 18.3% having rectocele. The
prevalence of uterine prolapse, cystocele, and rectocele
by hysterectomy status is shown graphically in Fig 1.
Prevalence data were stratified by hysterectomy status be-
cause women with a history of hysterectomy may be more
likely to have undergone surgery for pelvic organ pro-
lapse. The prevalence for cystocele and rectocele for
women with a uterus were slightly higher than for women
with a hysterectomy, which suggests that previous pro-
lapse may have been repaired at the time of hysterectomy.
The anterior vagina was the most common single site,
with the overall prevalence of cystocele in 33.8% of the
women.

Table II. Regression model for all prolapse 

Uterine prolapse* Rectocele* Cystocele*

Effect OR 95% CI OR 95% CI OR 95% CI

Age compared with 50-59 (y)
60-69 1.16 1.03-1.30 1.09 1.00-1.19 1.26 1.18-1.35
70-79 1.36 1.19-1.56 1.18 1.07-1.30 1.35 1.25-1.47

Ethnicity compared with white race
African American 0.63 0.50-0.79 0.50 0.44-0.58 0.65 0.59-0.73
Hispanic 1.24 1.01-1.54 0.95 0.82-1.11 1.20 1.05-1.36
American Indian 0.34 0.11-1.11 0.88 0.55-1.41 0.84 0.56-1.26
Asian/Pacific Islander 0.89 0.64-1.25 1.51 1.21-1.89 2.18 1.80-2.64
Unknown 1.03 0.69-1.54 1.21 0.92-1.58 1.33 1.06-1.68

Waist circumference >88 cm compared with <88 cm
Apple shape NS 1.17 1.06-1.29 1.17 1.08-1.27

Body mass index compared with >25 kg/m2

Overweight (25-30 kg/m2) 1.31 1.15-1.48 1.38 1.25-1.53 1.39 1.28-1.51
Obese (>30 kg/m2) 1.40 1.24-1.59 1.75 1.54-1.99 1.57 1.41-1.74
Constipation NS 1.08 1.00-1.16 1.10 1.03-1.16
Hysterectomy NA 0.90 0.83-0.97 0.88 0.83-0.94

Tobacco use compared with never
Past 0.92 0.83-1.02 0.97 0.90-1.05 0.93 0.87-0.99
Current 0.81 0.68-0.97 0.83 0.73-0.95 0.85 0.77-0.94

Alcohol use compared with nondrinkers
Past 0.88 0.74-1.06 1.00 0.88-1.13 0.91 0.82-1.01
1 drink/mo 0.90 0.75-1.08 0.96 0.84-1.09 0.87 0.78-0.97
1 drink/wk 0.88 0.74-1.05 0.86 0.76-0.97 0.82 0.74-0.92
≤7 drinks/wk 0.81 0.68-0.96 0.84 0.74-0.95 0.79 0.71-0.88
>7 drinks/wk 0.64 0.52-0.79 0.75 0.65-0.88 0.68 0.60-0.77

Hormone therapy compared with never used
Past 0.84 0.74-0.96 0.979 0.89-1.05 0.92 0.86-0.99
Current 0.96 0.79-1.16 1.10 0.98-1.24 1.02 0.92-1.12

Childbirth compared with no term birth
Parity of 1 2.13 1.67-2.72 2.22 1.84-2.68 1.91 1.67-2.19
Each additional birth 1.10 1.05-1.16 1.21 1.17-1.26 1.21 1.17-1.24

NS, Not significant; NA, not applicable.
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Table 1
aDistribution of study subjects according to presence and degree of uterine prolapse and selected characteristics

bGenital prolapse OR (95% CI)

NO YES

Total I II$II Total I II$II
Degree Degree Degree Degree

No. (%) No. (%) No. (%) No. (%)

Age (years)
c c c#51 8065 (39.8) 329 (27.8) 241 (31.2) 88 (21.5) 1 1 1

52–55 5782 (28.5) 318 (26.9) 217 (28.1) 101 (24.6) 1.3 (1.1–1.5) 1.2 (1.0–1.4) 1.5 (1.1–2.0)
$56 6252 (30.9) 526 (44.5) 308 (39.9) 218 (53.2) 1.7 (1.5–2.0) 1.4 (1.2–1.7) 2.6 (2.0–3.4)

Education
c c cElementary 6898 (34.0) 528 (44.7) 317 (41.1) 211 (51.5) 1 1 1

Intermediate 5101 (25.2) 260 (22.0) 182 (23.6) 78 (19.0) 0.8 (0.7–0.9) 0.9 (0.7–1.1) 0.6 (0.5–0.8)
High school /
University 5479 (27.0) 247 (20.9) 176 (22.8) 71 (17.3) 0.8 (0.6–0.9) 0.8 (0.7–1.0) 0.6 (0.4–0.8)

22BMI (kg m )
c c c,23.8 6344 (31.3) 261 (22.1) 186 (24.1) 75 (18.3) 1 1 1

23.8–27.2 6021 (29.7) 378 (32.0) 239 (31.0) 139 (33.9) 1.4 (1.2–1.7) 1.3 (1.1–1.6) 1.6 (1.2–2.2)
.27.2 5859 (28.9) 447 (37.8) 282 (36.5) 165 (40.2) 1.6 (1.3–1.9) 1.5 (1.2–1.8) 1.8 (1.3–2.4)

Current smoking (cigarettes /day)
c c cNO 15 450 (76.2) 962 (81.4) 608 (78.8) 354 (86.3) 1 1 1

,10 2062 (10.2) 89 (7.5) 64 (8.3) 25 (6.1) 1.2 (1.0–1.6) 1.1 (0.8–1.5) 1.6 (1.0–2.6)
10–20 1859 (9.2) 91 (7.7) 68 (8.8) 23 (5.6) 1.0 (0.7–1.4) 1.0 (0.7–1.5) 1.1 (0.6–2.1)
.20 896 (4.4) 40 (3.4) 32 (4.2) 8 (1.9) 1.1 (0.8–1.5) 1.0 (0.7–1.5) 1.3 (0.7–2.4)

a In some cases the sum does not add to the total because of missing values.
b Multivariate estimates including terms for age, education, body mass index and parity. OR5Odds Ratio; CI5Confidence Interval; BMI5Body mass

index.
c Reference category.

limitations should be carefully considered. First of all, the collect, and much effort was made to train the participating
women analysed were part of a large study whose main physicians so as to ensure obtain similar attention to data
goal was to describe the characteristics of women attend- collection for all study subjects. Finally, inclusion of terms
ing first level outpatient menopausal clinics in Italy. Thus, for participating centers in the regression equation did not
they cannot be considered representative of the Italian change the estimated OR (data not shown).
population. However, the general characteristics of this We did not consider hysterectomized women in this
population, such as parity, are largely similar for Italian analysis, so we did not include cases who had undergone
women aged 50–60 years [13] and the estimated preval- surgery for uterine prolapse. This is a potential selective
ence of uterine prolapse (about 6%) is consistent with bias. However, this selective mechanism should if anything
findings from other countries [2–6]. In any case, the aim of reduce the differences observed, and the frequency of
this analysis was to evaluate risk factors for uterine hysterectomy for uterine prolapse in those strata of age in
prolapse, so any inference has been drawing in strictly Italy is about 10% of all indications to hysterectomy [14].
comparative terms of women with and without uterine In general, to analyze risk of genital prolapse in
prolapse. Anyway, these results are applicable only to the hysterectomized women, however means, in our opinion,
population involved in this study. considers a different condition due possibly to different
This study was conducted in 268 Centers. The diagnosis determinants, in particular surgical ones.

of uterine prolapse may vary greatly among the large The results of this study are generally consistent with
number of gynaecologists who participated in the study. previous findings. Age and parity were the most important
However, diagnosis of uterine prolapse classification of the determinants of uterine prolapse. However the role of
condition was made using the same classification in each multiparity is not well defined [3,5,8]. For example, in the
center, under the supervision of the senior physician of the Oxford Family Planning Association Study [3] the risk of
center. Further, the evidence was very similar when the uterine prolapse was higher in parous than nulliparous
analysis was conducted separately for grades I and II–III women, but the rate of increase in risk declined in women
of uterine prolapse. In any cases any misclassification of who delivered two children. Otherwise, a recent
cases and controls should tend to reduce the estimated population-based Swedish study reported an increase of
odds ratios. Data collection should not be affected by recall uterine prolapse risk with number of births [2].
bias, since only considered information that was easy to In the present analysis the risk of uterine prolapse
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ANOVA statistics for clinical prolapse staging versus
stratified age groups showed weak associations that were
complex, with an increase in mean prolapse grade to about
the age of menopause, and a decrease thereafter (see Figs 2–5).
This was confirmed on analysing imaging findings. The
pattern was also visible when we analysed the raw data
prior to removal of patients who had previously undergone
anti-incontinence or –prolapse surgery. On univariate

regression, we found a weak and complex relationship
between age and cystocele, with a positive correlation to
menopause and a negative relationship thereafter (R2

adj. = 3.0%, P < 0.001, see Fig. 5). A similar effect was seen
for rectocele (R2 adj. = 4.2%, P < 0.001, see Fig. 6), but for
uterine descent the relationship was stronger (R2 adj. = 8.7%,
P < 0.001) and virtually linear (see Fig. 7).

In order to determine whether the positive association
between age and cystocele was due to the confounding effect
of childbirth, we analysed nulliparous women (n = 67)
separately and found a significant linear positive relationship

Figure 4 ANOVA of clinical prolapse grading (rectocele) versus
age (n = 954). SD, standard deviation.

Figure 5 Relationship between age at presentation and cystocele
descent on ultrasound (n = 971). ‘Cystocele descent’ signifies the
position of the most caudal part of the bladder on Valsalva.
Negative measurements imply descent below the symphysis pubis.
The magnitude of the relationship is best described by the
adjusted R 2 which is 3.0%, that is, very low (P < 0.001).

Table 2 Clinical findings (n = 954 for cystocele and rectocele,
n = 814 for uterine descent

Cystocele Uterine prolapse Rectocele

Grade 0 261 (27%) 632 (78%) 333 (35%)
Grade 1 314 (32%) 119 (15%) 323 (34%)
Grade 2 224 (23%) 40 (5%) 249 (26%)
Grade 3 155 (16%) 23 (3%) 49 (5%)

Figure 6 Relationship between age at presentation and rectal
descent (n = 856). ‘Rectal descent’ signifies the extent of descent
of the rectal ampulla. The adjusted R2 is 4.2%, signifying a weak
relationship (P < 0.001).

Figure 7 Relationship between age at presentation and uterine
descent (n = 221). ‘Uterine descent’ signifies the extent of descent
of the leading edge of the cervix uteri. The adjusted R2 is 8.7,
signifying a moderate relationship (P < 0.001).
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using the ICS POP-Q system, multichannel urodynamics
and ultrasound imaging supine and after voiding, using 2D
and 3D capable systems such as Philips HDI 1000 (Philips,
Eindhoven, The Netherlands), Medison SA 8000 (Medison,
Seoul, South Korea) and GE Kretz Voluson 730 expert (GE
Kretz Ultrasound, Zipf, Austria). Pelvic organ descent on
ultrasound was determined relative to the inferoposterior
margin of the symphysis pubis, supine and after bladder
emptying, as previously described;15 see also Fig. 1. Because
of the absence of a posterior point of reference, ultrasound
assessment of the posterior compartment seems to correlate
less well with clinical findings than sonographic quantification
of anterior and central compartment prolapse.14

In cases with marked descent of one compartment, it was
sometimes impossible to view the opposite compartment
sufficiently well for numerical assessment which explains
reduced numbers of observations for posterior compartment
descent. As regards the uterus, this is often invisible if
atrophic or very high, and this, together with 229 cases of
previous hysterectomy, explains a markedly reduced number
of observations for uterine descent. Age was stratified in
decades, from the middle of one life decade to the next (as in
25–34.9, 35–44.9 etc.) in order to approximate the age of
menopause with the transition from one category to the other.

The parent project had been approved by the institutional
Human Research Ethics Committee (reference 05/029).
Statistical analysis was undertaken using Minitab version
13 (Minitab Inc., State College, PA, USA). After normality
testing (Kolmogorov–Smirnov analysis) we used ANOVA for
categorical variables (clinical prolapse staging versus age)
and univariate and multivariate regression analysis for
continuous variables (organ descent on ultrasound versus
age). A P < 0.05 was regarded as statistically significant.

Results
Eleven hundred and ten datasets were retrospectively
analysed. After removal of 139 datasets of women with
previous incontinence or prolapse surgery, 971 datasets
remained. All results given here relate to this population.
Mean age was 54 years (range 17–90), mean vaginal parity
was 2.4 (range 0–12), and 229 women (23%) had previously
undergone a hysterectomy. Three hundred and three women
(31%) complained of symptoms of prolapse. Patients
presenting with stress incontinence were significantly
younger than those presenting with symptoms of prolapse
(54.2 vs 57.8 years, P < 0.001). Table 1 gives demographic
data and clinical findings. There were 965 ultrasound
observations as regards bladder descent, 856 for rectocele

descent and 220 for uterine descent. Missing observations are
due to hysterectomy or a very high uterus or the rectal
ampulla not being sufficiently clearly visualised on ultrasound.
On clinical assessment we obtained 954 observations for
cystocele and rectocele, as well as 814 observations on uterine
descent (see Table 2 for a breakdown of clinical staging).
Missing observations were due to hysterectomy or inability to
examine due to vaginal scarring or stenosis, or patient refusal.

Table 1 Demographic information (n = 971)

Age 53.9 (range 17–90)

Parity (vaginal) 2.4 (range 0–12)
Stress Incontinence 744 (77%)
Urge incontinence 723 (74%)
Prolapse symptoms 303 (31%)

Figure 1 Prolapse assessment by translabial ultrasound. The line
of reference is placed through the inferior margin of the
symphysis. Descent of the bladder, the uterus and the rectal
ampulla is measured against this line.

Figure 2 ANOVA of clinical prolapse grading (cystocele) versus
age (n = 954). SD, standard deviation.

Figure 3 ANOVA of clinical prolapse grading (uterine descent)
versus age (n = 814). SD, standard deviation.
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Outcomes of Observation as Therapy for Pelvic
Organ Prolapse: A Study in the Natural History of

Pelvic Organ Prolapse
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Aims: To determine the rate of progression or regression of pelvic organ prolapse (POP) in subjects with symptomatic
POP who decline intervention (pessary or surgery) and elect observation. Methods: Sixty-four patients choosing ob-
servation as primary management of symptomatic POP were followed with sequential pelvic organ prolapse quantifica-
tion (POP-Q) exams. A change in the leading edge value of !"2 cm was considered significant. POP-Q exam results,
choice of therapy and symptom severity at last visit were recorded. Results: The leading vaginal edge POP-Q exam
value at initial exam ranged from #1.5 to 7 cm. Distribution of patients by POP-Q stages on initial exam was: stage I:
1%, stage II: 31%, stage III: 31%, and stage IV: 1.78% (50/64) of patients demonstrated no change in leading edge value
from first to last visit on POP-Q exams. Nineteen percent (12/64) demonstrated progression ("2 cm increase in leading
edge); 3% (2/64) demonstrated regression ("2 cm decrease in leading edge). Median follow-up was 16 months (range 6–
91 months). On multivariate analysis, no variable, including length of follow-up, was associated with change in leading
edge value (P ¼ 0.09, data not shown). At their last recorded visit, 63% (40/64) of subjects continued observation, 38%
(24/64) desired a pessary trial or surgical correction. Those desiring intervention had no greater worsening of prolapse
on exam at last follow-up compared with subjects who continued observation. Conclusion: The natural history of
pelvic organ prolapse is most often one of very minimal change in subjects who decline intervention (pessary or sur-
gery) and choose observation. Neurourol. Urodynam. 32:383–386, 2013. ! 2012 Wiley Periodicals, Inc.

Key words: prolapse; natural history; observation; treatment

INTRODUCTION

In the United States, over 300,000 surgeries are performed
and over 1 billion dollars are spent annually surgically
treating pelvic organ prolapse (POP).1 The amount spent on
non-surgical management and the cost to society of individu-
al coping strategies is even greater. It is the third most
common indication listed for hysterectomy in all women and
is the most common indication for hysterectomy in meno-
pausal women, making it a significant healthcare issue
facing our rapidly aging population.2 The incidence of any
surgical procedure for pelvic organ prolapse in the U.S. is
between 1.5 and 2.3 procedures/1,000 women/year with
an 11% lifetime risk of undergoing surgery to treat pelvic or-
gan prolapse or urinary incontinence.3–5 Despite the obvious
burden on healthcare resources, prolapse is an ill-defined dis-
ease whose natural history is not well understood.

Few studies have examined the natural history of untreated
POP, and existing studies involve women who are either
asymptomatic with low stage prolapse or are symptomatic
but still with low stage prolapse.6,7 Therefore, there remains a
paucity of data regarding the natural history of POP in symp-
tomatic women with more advanced stages of prolapse.

The purpose of this study was to determine the rate of
progression or regression of pelvic organ prolapse in symp-
tomatic subjects who declined intervention with pessary
or surgery and elected observation at their initial con-
sultation to an urogyneclogy clinic. In those patients who
eventually elected intervention after some course of observa-
tion, we sought to determine factors associated with
intervention.

MATERIALS AND METHODS

This was an Institutional Review Board approved retrospec-
tive review of consecutive new POP patients "18 years of age
seen at an outpatient Urogynecology clinic from 2005 to 2010.
Patient charts were identified using ICD-9 codes for any form
of prolapse. All patients presented with the complaint of a
vaginal bulge that they could see or feel. Patients were exclud-
ed from analysis if they either currently using a pessary or
were actively seeking a second opinion regarding surgical
management. Sequential pelvic organ prolapse quantification
system (POP-Q) exams8 were performed in the dorsal lithoto-
my position by the same examiner with a minimum 6-month
interval between first and last exam. The examiner (SS) pur-
posely blinded themselves during follow-up exams by imple-
menting a policy of not reviewing prior POPQ exam results
before performing the follow-up visit exam in subjects pre-
senting for follow-up prolapse observation visits. This was not
a research protocol and only a clinical practice protocol. All
points except the total vaginal length were recorded with the
subject performing maximal Valsalva effort. A change in
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Twenty-nine percent of those who eventually elected inter-
vention had significantly greater worsening of their symp-
toms compared with only 18% of those who continued
observation which was not statistically significant (P ¼ 0.27;
Table III). Physical exam findings, measured by prolapse lead-
ing edge, were unchanged or regressed over time in 80% of
subjects who continued observation at last visit and 83% of
their counterparts who chose intervention at last visit
(P ¼ 0.74). Progression at last exam was noted in 20% of
patients continuing observation and 17% of patients choosing
treatment at last visit (Tables IV and V). Both patients whose
prolapse significantly regressed experienced significant
change in their symptoms. The first patient’s bladder symp-
toms and bulging sensation improved while the second
patient’s bulge symptoms worsened.

No subjects undergoing observation developed any symp-
tomatic medical sequelae (e.g., urinary tract infections, uri-
nary retention) from their POP, but there was no protocol to
screen for asymptomatic complications such as elevated PVR
or ureteral obstruction.

DISCUSSION

One aspect of the disease state of pelvic organ prolapse
that remains virtually unknown is its natural history.
Many assume that pelvic organ prolapse is a universally pro-
gressive disease. This assumption has guided clinical practice,
such that women with asymptomatic early prolapse are
often offered surgical treatment to obviate progression in
the future. Currently, there is no recognized clinical
threshold or stage of support for which intervention is abso-
lutely indicated. There are cases of advanced prolapse with
compromise of the kidneys from ureteral obstruction where
intervention is necessary to maintain renal function but out-
side of this there are no absolute indications for therapy. In
addition, it is not known if surgery performed at an earlier
asymptomatic stage is more effective than an intervention af-
ter the onset of symptoms or after worsening of the prolapse
stage.

Two studies, following participants from the Women’s
Health Initiative, demonstrated low rates of progression and
regression of pelvic organ, refuting this notion of irreversible
progression of vaginal descensus.6,9 In both reports however,
the subjects were asymptomatic and had low stage prolapse,
and neither study selected subjects with symptomatic pro-
lapse as their starting point. Miedel et al.7 reported similar
findings (except higher rates of regression at 40%) in a

symptomatic Swedish population but again subjects had low-
er stages of POP. In this current study we evaluated symptom-
atic subjects where roughly half had stage 3 and 4 prolapse
and found the natural history of prolapse to be one of very
minimal change over a median follow-up of 16 months in
subjects choosing observation for their POP. There was no pro-
gression of disease in 81% of subjects and only one-third of
patients eventually desired intervention with pessary or sur-
gery. In addition, leading edge values on physical exam did
not change significantly over time and did not differ statisti-
cally between patients who continued observation or those
who eventually elected intervention. Instead, it appeared that
it was the progression or recognition of symptom bother by
the patient that incited them to seek therapy as opposed to
continued observation. The differences in worsening of symp-
toms were roughly 30% in subjects eventually electing thera-
py versus only 17% in subjects requesting continued
observation. These numbers did not reach statistical signifi-
cance but are noteworthy regardless. What is more interesting
is what influenced the 37% of subjects who eventually decid-
ed to proceed with an intervention despite initially desiring
observation. It may have been that the clinician interviewing
the subjects underplayed their subjective assessment of the
patient’s degree of symptom bother or that the subjects, after
education about their condition, eventually recognized both-
ersome issues that they previously attributed to other health
issues. The use of a validated symptom questionnaire would
have helped answer this question. However, healthcare-seek-
ing behavior in women with POP is an area that, like natural
history, is poorly understood. This study also supports previ-
ous evidence that, in some women, there can be regression of
POP.6,7,9

Understanding the natural history of pelvic organ prolapse
is vital for several reasons. It allows patients to best decide
where and when to seek intervention. However, more impor-
tantly, it allows clinicians to educate and counsel their
patients about their risk for worsening pelvic organ prolapse
in those with minimal symptoms who are only seeking infor-
mation about their disease and not necessarily interested in
intervention. This holds true not only for the patient with a
low stage asymptomatic POP, but also is important in the pa-
tient with more advanced degrees of prolapse who is likewise
minimally symptomatic. Finally, this should reassure the cli-
nician who notes some degree of POP on routine preventative
exam in a subject without complaints that there is no need
for any intervention.
Strengths of the study included a single surgeon performing

all POP-Q exams, eliminating inter-rater reliability. Addition-
ally, patients were symptomatic and the majority of patients
had stage 3 and 4 prolapse. Potential limitations of this study
include its retrospective nature, the lack of use of a validated
questionnaire documenting symptoms, and intermediate fol-
low-up, although on multivariate analysis, length of follow-
up was not associated with change in leading edge value
(P ¼ 0.09).

TABLE III. Change in Symptom Bother in Those Electing Continued
Observation Versus Intervention

Symptoms Continued observation (%) Elected intervention (%)

Better/same 83 71
Worse 18 29

TABLE IV. Change in Leading Edge Value in Those Electing Continued
Observation Versus Intervention

Leading edge
Continued

observation (%)
Elected

intervention (%)

No change or regression 81 76
Progression 14 24

TABLE V. Initial and Final POP-Q Prolapse in Patients Undergoing
Observation

Prolapse stage of observation group Initial exam (%) Final exam (%)

Stage 1 2 0
Stage 2 48 44
Stage 3 48 55
Stage 4 2 2
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and neither study selected subjects with symptomatic pro-
lapse as their starting point. Miedel et al.7 reported similar
findings (except higher rates of regression at 40%) in a

symptomatic Swedish population but again subjects had low-
er stages of POP. In this current study we evaluated symptom-
atic subjects where roughly half had stage 3 and 4 prolapse
and found the natural history of prolapse to be one of very
minimal change over a median follow-up of 16 months in
subjects choosing observation for their POP. There was no pro-
gression of disease in 81% of subjects and only one-third of
patients eventually desired intervention with pessary or sur-
gery. In addition, leading edge values on physical exam did
not change significantly over time and did not differ statisti-
cally between patients who continued observation or those
who eventually elected intervention. Instead, it appeared that
it was the progression or recognition of symptom bother by
the patient that incited them to seek therapy as opposed to
continued observation. The differences in worsening of symp-
toms were roughly 30% in subjects eventually electing thera-
py versus only 17% in subjects requesting continued
observation. These numbers did not reach statistical signifi-
cance but are noteworthy regardless. What is more interesting
is what influenced the 37% of subjects who eventually decid-
ed to proceed with an intervention despite initially desiring
observation. It may have been that the clinician interviewing
the subjects underplayed their subjective assessment of the
patient’s degree of symptom bother or that the subjects, after
education about their condition, eventually recognized both-
ersome issues that they previously attributed to other health
issues. The use of a validated symptom questionnaire would
have helped answer this question. However, healthcare-seek-
ing behavior in women with POP is an area that, like natural
history, is poorly understood. This study also supports previ-
ous evidence that, in some women, there can be regression of
POP.6,7,9

Understanding the natural history of pelvic organ prolapse
is vital for several reasons. It allows patients to best decide
where and when to seek intervention. However, more impor-
tantly, it allows clinicians to educate and counsel their
patients about their risk for worsening pelvic organ prolapse
in those with minimal symptoms who are only seeking infor-
mation about their disease and not necessarily interested in
intervention. This holds true not only for the patient with a
low stage asymptomatic POP, but also is important in the pa-
tient with more advanced degrees of prolapse who is likewise
minimally symptomatic. Finally, this should reassure the cli-
nician who notes some degree of POP on routine preventative
exam in a subject without complaints that there is no need
for any intervention.
Strengths of the study included a single surgeon performing

all POP-Q exams, eliminating inter-rater reliability. Addition-
ally, patients were symptomatic and the majority of patients
had stage 3 and 4 prolapse. Potential limitations of this study
include its retrospective nature, the lack of use of a validated
questionnaire documenting symptoms, and intermediate fol-
low-up, although on multivariate analysis, length of follow-
up was not associated with change in leading edge value
(P ¼ 0.09).

TABLE III. Change in Symptom Bother in Those Electing Continued
Observation Versus Intervention

Symptoms Continued observation (%) Elected intervention (%)

Better/same 83 71
Worse 18 29

TABLE IV. Change in Leading Edge Value in Those Electing Continued
Observation Versus Intervention

Leading edge
Continued

observation (%)
Elected

intervention (%)

No change or regression 81 76
Progression 14 24

TABLE V. Initial and Final POP-Q Prolapse in Patients Undergoing
Observation

Prolapse stage of observation group Initial exam (%) Final exam (%)

Stage 1 2 0
Stage 2 48 44
Stage 3 48 55
Stage 4 2 2
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leading edge value of !"2 cm from the previous exam was
considered significant.

Data abstracted from the medical record included: age, gra-
vidity, parity, menopausal status, hormone replacement ther-
apy (HRT) use, prior hysterectomy and pelvic surgery, POP-Q
exam values at each visit, pelvic floor symptoms, and therapy
at last follow-up visit (continued observation or intervention
with pessary or surgery). Prior pelvic organ prolapse surgery
was also classified as anterior or posterior vaginal repair, vault
suspension as a vaginal repair or abdominal surgery. Patients
were queried by the examiner regarding presence or absence
of bowel and bladder symptoms and degree of bother from
the vaginal bulge (minimal, moderate or severe-as subjective-
ly determined by the examiner). No specific questionnaire
was used to record the presence or degree of symptom bother
in the subjects. Patients with POP-Q stage 3 and greater who
declined therapy underwent yearly renal ultrasound, however
there was no protocol to routinely screen for asymptomatic
complications such as elevated PVR or ureteral obstruction.

Continuous variables are reported as means and standard
deviations or as medians and ranges. Categorical data were
compared using chi-square analysis and are reported as per-
cents and frequencies. Continuous variables are analyzed
using either Student’s t-test for comparing means or a non-
parametric test for comparing medians. Linear regression
analysis is used for predicting associations of outcomes on
continuous dependent variables. P-values <0.05 were consid-
ered statistically significant. Statistical Analyses were per-
formed using SAS version 9.2 (SAS Institute, Inc., Cary, NC).

RESULTS

A total of 408 women were examined for new POP visits
between 2005 and 2010. One hundred and eighty six subjects
were not included in analysis: 180 were seeking a second
opinion on surgery or were currently using a pessary, 4 had
incomplete exams and 2 had no follow-up. At their first visit,
158 women elected intervention with a pessary or with sur-
gery. Sixty-four women elected observation at their first visit.
Baseline characteristics between those electing treatments
versus those electing observation were compared (Table I).
Age, gravidity, parity, rate of prior hysterectomy and HRT use,
menopausal status and presence of bladder symptoms were
similar between the two groups.

Patients who chose intervention at initial visit had fewer
prior POP surgeries (23% vs. 54%, P < 0.0001), a greater degree
of bulge symptoms from their prolapse and more advanced
stages of prolapse than their counterparts who elected obser-
vation. Rates of moderate bulge symptoms were greater in the
intervention group (62% vs. 27%, P < 0.0001) while the obser-
vation group reported higher rates of minimal bulge symp-
toms (72% vs. 29%, P < 0.0001). Presence of bowel symptoms
was twice as high in the group electing intervention at initial
visit (27% vs. 12%, P ¼ 0.008; Table I).

The POP-Q system stages for the intervention group and ob-
servation group, respectively, were as follows: Stage 1: 1%
versus 2%; Stage 2: 20% versus 48%; Stage 3: 67% versus 48%;
Stage 4 13% versus 2%. Mean leading edge value was 3.37 cm
in the intervention group compared with 1.47 cm in those
who chose observation (P < 0.0001). POP by compartment
type was as follows in the intervention and observation
group, respectively: Anterior POP: 43% versus 59%; Apical POP
41% versus 13%; Posterior POP: 17% versus 28% (P ¼ 0.002).

Over time, in the observation group, 78% of patients demon-
strated no change in leading edge value from first to last visit
on POP-Q exams. Nineteen percent demonstrated progression

on POP-Q exam, measured as "2 cm increase in leading edge;
3% demonstrated regression as 2 cm reduction in the leading
edge value at last follow-up visit. Median follow-up was
16 months (range: 6–91 months, IQR: 10.5–41.5). On multivar-
iate analysis, no variable, including length of follow-up, was
associated with worsening prolapse (change in leading edge
value, P ¼ 0.09, Table II).
At last recorded follow-up visit in the group who elected

observation initially, 63% (40/64) continued with observation
while 38% (24/64) ultimately opted for intervention with pes-
sary or surgery. There were no differences in baseline demo-
graphic or clinical characteristics between those who
continued on observation compared with those who eventual-
ly elected intervention at last visit.

TABLE I. Baseline Demographic Information of Subjects Seeking
Intervention Versus Observation of Pelvic Organ Prolapse

Selected
treatment
at first visit
(n ¼ 158)

Selected
observation
at first visit
(n ¼ 64) P-value

Age (median and IQR) 65.5 66 (59.5–72) P ¼ 0.89
Gravidity (median and IQR) 3 (2–5) 3 (2–4) P ¼ 0.22
Parity (median and IQR) 3 (2–4) 2.5 (2–3.5) P ¼ 0.22
Prior hysterectomy 49% 56% P ¼ 0.5
Other Pelvic surgery 23% 54% P < 0.0001
HRT use 18% 27% P ¼ 0.14
Menopausal 88% 89% P ¼ 0.81
Initial bulge symptoms
Minimal 29% 72% P < 0.0001
Moderate 62.0% 27%
Severe 10% 2%

Bowel complaints 27% 11% P ¼ 0.008
Bladder complaints 48% 48% P ¼ 0.89
POP-Q overall stage
1 1% 2%
2 20% 48%
3 67% 48%
4 13% 2%

Mean leading edge value (cm) 3.37 1.47 P < 0.0001
Leading edge type
Anterior 43% 59% P ¼ 0.002
Apical 41% 13%
Posterior 17% 28%

TABLE II. Multivariate Analysis of Clinical Parameters Affecting
Worsening of Leading Edge

Variable P-value

Length of follow-up 0.09
Age 0.4
Gravidity 0.7
Parity 0.7
Initial POP-Q stage 0.2
Leading edge type 0.7
Prior hysterectomy 0.3
Prior pelvic surgery 0.7
HRT usage 0.8
Menopausal 0.6
Presence of bulge symptoms 0.9
Presence of bladder symptoms 0.2
Presence of bowel complaints 0.7
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Abstract
Introduction and hypothesis Information about the natural
history of pelvic organ prolapse (POP) is scarce.
Methods This was a prospective cohort study of 160
women (mean age 56 years), whose answers in a
population-based survey investigation indicated presence
of symptomatic prolapse (siPOP), and 120 women without
siPOP (mean age 51 years).
Results Follow-up questionnaire was completed by 87%,
and 67% underwent re-examination according to pelvic
organ prolapse quantification (POP-Q) system after 5 years.
Among re-examining siPOP women, 47% had an un-
changed POP-Q stage, 40% showed regression, and 13%
showed progression. The key symptom “feeling of a

vaginal bulge” remained unchanged in 30% of women
with siPOP, 64% improved by at least one step on our four-
step rating scale, and 6% deteriorated. Among control
women, siPOP developed in 2%. No statistically significant
relationship emerged between changes in anatomic status
and changes in investigated symptoms.
Conclusion Only a small proportion of women with
symptomatic POP get worse within 5 years.

Keywords Longitudinal study . Pelvic organ prolapse .

Urinary incontinence . Pelvic floor symptoms

Introduction

Pelvic organ prolapse (POP) is one of the most common
indications for surgery in women. In the USA alone, POP is
estimated to lead to over 250,000 surgical procedures per
year [1]. Prolapse surgery is frequently undertaken on non-
imperative indications based on the assumption that the
condition is likely to worsen over time. However, the
scientific information about the natural history of POP-
associated symptoms and pelvic support defects are scarce.
Some loss of vaginal support is common and is seen in 43–
76% of women presenting for routine gynecological care
[2, 3], but the prognosis of mild POP is unknown. Mild
prolapse has been claimed to be a fluid state where prolapse
is not always progressive as traditionally thought and
spontaneous regression can occur [4–6]. In addition, some
symptoms associated with POP are non-specific and only
weakly associated with anatomical measurements [7–9].

The purpose of this study was to prospectively investi-
gate changes in pelvic support and symptom development,
as well as the relationship between these respective
parameters in a cohort of mostly non-seeking women with
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symptoms indicative of prolapse (siPOP), with or without
verifiable anatomical defects at time of entry.

Materials and methods

This prospective observational study proceeded from a
population-based cross-sectional survey investigation of the
age-specific prevalence of symptomatic prolapse in the
Stockholm female population [10]. An outline of the study
design and subject accrual is shown in Fig. 1.

All women were asked to complete a validated short
form questionnaire, which predicted the presence of
observable POP with reasonable accuracy [11]. Discrimi-
nant criteria divided women into those who were predicted
to have prolapse (henceforth referred to as having siPOP)
and those who were not. The questions and the algorithm
for classification have been elaborated in a previous paper
[11]. Briefly, the symptom “feeling of a vaginal bulge”
carried almost all of the discriminatory ability of the
instrument; reports of the presence of this symptom
(often/sometimes/infrequently) were sufficient for being
classified as having siPOP. In the absence of this symptom,
a combination of the symptoms “vaginal pain/discomfort”
(often), “worsening upon heavy lifting,” “need of manual
reduction of the anterior vaginal wall” (often/sometimes/
infrequently), and urge incontinence (often/sometimes/
infrequently) could also lead to a siPOP classification, but
no women reported this combination, and in practice, all
had a feeling of a vaginal bulge. From the total of all
women in the respective strata, 206 with and 206 without
siPOP were randomly selected to be invited for a

gynecological examination. The participation rates in this
phase of the investigation were 162 (78.6%) and 120
(58.3%). Subsequently, two attending women were exclud-
ed because their identities did not match with those of the
invitees.

The cohort in the present follow-up study thus consisted
of 280 women, 160 with scores indicative of siPOP and
120 women whose answers indicated absence of siPOP.
They were all gynecologically examined according to the
POP quantification system (POP-Q) [12] between February
2002 and March 2003 at Södersjukhuset, Stockholm [13].

After approximately 5 years, the 280 women again
received the same short form questionnaire supplemented
with questions about body weight, height, any changes in
obstetric, gynecological, or medical history, and bowel
habits. They were also invited to a renewed pelvic
examination.

Both the initial examinations and the re-examinations
were done according to POP-Q with the women in dorsal
lithotomy position and with empty bladder. All measure-
ments, except total vaginal length, were taken during
maximal Valsalva maneuver as described by Bump et al.
[12]. The gynecologists were blinded to the questionnaire
responses and to the results of any previous examination.
The re-examinations were performed by a single examiner
who had not done any of the initial examinations. In order
to calibrate the POP-Q assessments, the first ten patients
were jointly examined together with the previous exam-
iners. The interobserver variation was minimal. Anatomical
assessments of POP-Q stage were then transformed to
categorical “indices of change” (no change, progression,
regression). The five symptoms asked for in the question-

454 (8.3%) classified as
having siPOP

5489 (69 %) providing adequate answers

5035 (91.7%) classified as having
NO siPOP

2 excluded due to 
suspected mismatch
with questionnaire

POP-Q examination 2002-2003
by gynecologists blinded to symptom status 

n=280

162 came for examination 120 came for examination

206 randomly selected for 
gynaecological examination

8000 women in Stockholm 30-79 years old Short form 
postal questionnaire

about 
5 discriminiatory

prolapse-associated 
symptoms

206 randomly selected for 
gynaecological examination

POP-Q Re-examination 2007-2008
243 (86.8 %) answered questionnaire

188 (67.2%) POP-Q examination by a single gynecologists blinded to symptom status 

5 years

Fig. 1 Outline of the
study design and accrual
of women with and without
symptoms indicative of
symptomatic pelvic organ
prolapse (siPOP)
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We followed a stratified random sample of participating
women—mostly non-consulting—who reported symptoms of
such quality and severity that presence of prolapse was
deemed likely, and 98% of them, indeed, had anatomic
prolapse of POP-Q stage I or higher (although a less
impressive 75% had stage II or higher). For comparison, we
also followed a sample of the women whose questionnaire
answers were not indicative of any prolapse. In the latter
group, 66% still had POP-Q stage I or higher, but only 17%
had stage II or higher. This allowed us to investigate the 5-year
natural history among women with symptoms indicative of
POP—a group for which treatment strategies remains a matter
of debate—and to study the relationship between changes in
anatomic prolapse and changes in symptoms. Only a minority

of women with symptoms indicative of symptomatic prolapse
reported symptom aggravation over time, and a larger
proportion reported improvement. We observed no significant
association between changes in POP-Q status and changes in
symptoms.

Our findings that mild to moderate prolapse is a dynamic
condition in which spontaneous regression can occur is largely
consistent with those of the few studies on this topic published
to date [5, 6], although the participants in these studies were
older and postmenopausal. A simple cross-sectional view on
our data at entry clearly indicated that there was a strong
positive association between age and POP-Q stage, women
with stage 0 or I were considerably younger and those with
stage III and IV substantially older than women with stage II.

Table 4 Changes in POP-Q stage and reported symptoms (mechanical and urinary) and their relationships in 188 women who attended the
gynecological examinations both in 2002 and 2008

Remission of POP-Q n=63 Unchanged POP-Q n=90 Progression of POP-Q n=35 p valuea

Mechanical symptoms

Vaginal bulging (n=186)b 0.314
Yes 2002 and 2008 (continued presence) 5 10 4♦

Yes 2002, no 2008 (disappeared) 21♦♦♦♦♦♦♦■ 24♦■■ 5

No 2002, yes 2008 (new) 1 3 3

No 2002, no 2008 (continued absence) 34●■ 53■■ 23■■♦
Vaginal discomfort (n=185)b 0.153
Continued presence 7 3 1♦

Disappeared 8♦♦♦■ 5 5

New 4 5 3♦

Continued absence 42♦♦♦♦■● 76♦■■■■ 26■■
Urinary symptoms

Urge urinary incontinence (n=188)b 0.773
Continued presence 26♦♦♦♦■ 34■ 9♦■
Disappeared 9♦● 10■■ 5

New 4 6♦■ 2

Continued absence 24♦♦■ 40 19■♦
Stress urinary incontinence (n=188)b 0.199
Continued presence 24♦■■ 19■ 14♦■■
Disappeared 9♦♦● 22■■■ 5

New 3 7♦ 3

Continued absence 27♦♦♦♦ 42 13♦

Need for manual reduction (n=183)b 0.611
Continued presence 2 1 1

Disappeared 3♦♦ 1 0

New 1 2 1

Continued absence 57♦♦♦♦♦■■● 83♦■■ 31♦♦■■

The symbols following the numbers in the columns each represent one woman who underwent pelvic floor surgery during follow-up: ♦, operated
for prolapse n=10; ■, operated for incontinence n=8; ●, operated for incontinence and prolapse n=1
a Fisher's exact test
b n varies across symptoms due to partial non-response to the respective questions in one or both of the questionnaires
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prolapse surgery during follow up (all with siPOP at entry),
eight (4%) surgery for incontinence (six with siPOP and
two without), and one (0.5%) both types of surgery. Three
of the siPOP women had undergone hysterectomy during
follow up. At baseline, 22 (12%) were nulliparous (15 with
siPOP and seven without). Only parous women reported
additional deliveries (four with siPOP and two without).

Table 3 shows the distributions of POP-Q stages at entry
and at the 5-year follow up examination, by siPOP status at
entry. Mean age at entry for women with stage 0 was
42.6 years (range 30–62;SD 8.7), stage I 54.1 years (range
31–77;SD 11.4), stage II 55.1 years (range 33–76;SD 12.3),
stage III 64.1 years (range 51–79;SD 9.7), and stage IV
72.0 years (range 65–77;SD 5.6). At the 5-year follow-up
examination the POP-Q distribution in the siPOP group had
shifted towards less advanced stages (p<0.0001; sign test). A

less marked, and statistically non-significant (p=0.743; sign
test), shift was noted among non-siPOP women. The
difference between stages 0 and I in POP-Q is subtle and
of clinically questionable significance, and possibly liable to
observer bias, while we repeated these analyses after
combining stage 0 and I (data not shown). The shift towards
less advanced stages remained significant both among
women initially classified as having siPOP (p=0.007; sign
test) and among the 72 who did not fulfill our criteria for
siPOP (p=0.027; sign test).Of the women who initially
fulfilled our criteria for siPOP, 47% (95% CI 38–57) had the
same stage after 5 years as they had at entry. Both
progression and regression had occurred, although regression
(40%, 95% CI 31–49) was more common than progression
(13%, 95% CI 7–19). Among women with POP-Q stage I at
entry, 44% were found to no longer have prolapse (stage 0)
at follow-up, while 24% had advanced to stage II. Women
with stage II at entry remained within the same stage in 58%,
whereas 29% showed regression and 13% progression. No
progression was noted in the 13 women who had POP-Q
stage III at entry, but in 10 of them, a reduction of the POP-Q
stage had occurred. Only four women had stage IV initially;
two underwent surgery during follow up and the remaining
two were deemed to have stage III at follow-up. In a
sensitivity analysis, we assumed that women, who had pelvic
floor surgery in the follow-up period, would have had POP-
Q stage IV at follow up if left unoperated. Even with this
extreme assumption, regression was more common than
progression.

Relation between changes in POP-Q stage
and changes in symptom presentation

We further cross-tabulated changes in POP-Q stage (regres-
sion, stable, progression) over the 5-year period against
changes in selected pelvic floor symptoms (dichotomized as
present or absent) (Table 4). This analysis included all 188
women who answered the questionnaire and attended the
gynecological examinations both at entry and at follow up.
No statistically significant associations were found between
changes in POP-Q stage and changes in reported symptoms.
The results were similar in age strata <45 and ≥45 years, in
an analysis restricted to women with siPOP at entry (data not
shown), and in a sensitivity analysis excluding women who
had undergone POP and/or incontinence surgery after entry
into the cohort.

Discussion

This prospective study proceeded from a population-based
survey investigation that probed into symptoms consistent
with POP using a questionnaire with high specificity [11].

Fig. 2 The frequency distribution of individual changes in the key
symptom of vaginal bulging among women with symptoms indicative
of symptomatic prolapse (siPOP) (n=141). Zero on the x-axis denotes
no change, −1 means a change of one step in the direction of less
symptoms, and +1 represents a one-step change in the direction of
more symptoms

Table 3 Changes in distributions of POP-Q stages between the first
examination in 2002 and second examination in 2008 among 116
women initially classified as having symptoms indicative of pelvic
organ prolapse (siPOP) and 72 women without symptoms indicative
of prolapse

POP-Q stage siPOP in 2002 No siPOP in 2002

2002 2008 2002 2008

0 2 (1.7) 24 (20.7) 22 (30.6) 32 (44.4)

I 25 (21.6) 23 (19.8) 37 (51.4) 18 (25.0)

II 72 (62.1) 54 (46.6) 13 (18.1) 19 (26.4)

III 13 (11.2) 15 (12.9) 0 3 (4.2)

IV 4 (3.5) 0 0 0

Int Urogynecol J (2011) 22:461–468 465

10%'opérées'd’un'POP'

TRégression'du'prolapsus':'40%'
TProgression'du'prolapsus:'13%'
TStabilisaCon'du'prolapsus:'47%'

Absence'de'modificaCon'des'symptômes'
entre'les'groupes'

Mais….'

Vaginal'bulding'''(p=0.314)'
Vaginal'discomfort'(p=0.153)'
Stress'urinary'inconCnence'(p=0.773)'
Urge'inconCnence'(p=0.199)'
Need'for'manual'reducCon'(p=0.611)'

Natural History of Pelvic Organ Prolapse in
Postmenopausal Women
Catherine S. Bradley, MD, MSCE, M. Bridget Zimmerman, PhD, Yingwei Qi, MS,
and Ingrid E. Nygaard, MD, MS, for the Women’s Health Initiative (WHI)*

OBJECTIVE: To describe the natural history of pelvic
organ prolapse and risk factors for changes in vaginal
descent in older women.

METHODS: This 4-year prospective observational study
included 259 postmenopausal women with a uterus en-
rolled at one Women’s Health Initiative clinical site who
completed at least two annual pelvic organ prolapse
quantification (POP-Q) examinations. We calculated
1-year and 3-year incidence and resolution risks for
prolapse (defined as maximal vaginal descent to or be-
yond the hymen) and estimated progression and regres-
sion rates (1 cm or greater and 2 cm or greater changes in
maximal vaginal descent) and risk factors.

RESULTS: Mean age was 68.1!5.5 years, and median
vaginal parity was 4. Seventy-three (28%) women had
four exams, 128 (49%) had three exams, and 58 (22%) had
two exams. Prolapse waxed and waned yearly in individ-
ual women. Overall 1-year and 3-year prolapse inci-
dences were 26% (95% confidence interval [CI] 20–33%)
and 40% (95% CI 26–56%); 1-year and 3-year prolapse

resolution risks were 21% (95% CI 11–33%) and 19%
(95% CI 7–39%). Rates of any change in maximal vaginal
descent over time varied depending on baseline mea-
surements. Over 3 years, the maximal vaginal descent
increased by at least 2 cm in 11.0% (95% CI 4.9–20.5%) of
the women and decreased by at least 2 cm in 2.7% (95%
CI 0.3–9.5%). Increasing body mass index and grand
multiparity increased the risk for vaginal descent progres-
sion.

CONCLUSION: Prolapse progresses and regresses in
older women, although rates of vaginal descent progres-
sion are slightly greater than regression overall. Obesity is
a risk factor for progression in vaginal descent.
(Obstet Gynecol 2007;109:848–54)

LEVEL OF EVIDENCE: III

It is estimated that one American woman in nine will
undergo surgical repair for pelvic organ prolapse

(POP) or urinary incontinence (UI) or both in her
lifetime.1 Some degree of minor POP is found in
nearly all parous women of all ages,2,3 but we know
very little about the natural history of prolapse. Thus,
we are unable to answer important clinical questions,
such as how often women develop clinically signifi-
cant prolapse, what their risk is of minor prolapse
worsening, or whether prolapse may even regress.

The pelvic organ prolapse quantification
(POP-Q) system, which has demonstrated good in-
traexaminer and interexaminer reliability, is a tool
that quantitatively describes findings on vaginal ex-
amination.4,5 The POP-Q examination has substan-
tially improved our ability to measure vaginal de-
scent, but a clinically relevant definition for POP
within the POP-Q staging system has not yet been
identified. Because many women have some vaginal
descent, there is debate about the clinical importance
of such mild prolapse. An improved understanding
about what happens to vaginal support over time will
help us understand the relevance of these anatomic
findings.

* For a list of investigators for the Women’s Health Initiative, see the Appendix.
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process was performed. Categorization of risk factors
was examined during univariable analysis, and the
best function forms were applied to the fitted multi-
variable model. For continuous variables, categoriza-
tion methods based on quartiles were first examined.
Adjacent levels having similar effects on the depen-
dent variable were then combined into one level.
Odds ratios (ORs) with 95% CIs for progression and
regression of vaginal descent for each of the signifi-
cant risk factors were computed from the fitted model.

Statistical analyses were performed with SAS 9.1
(SAS Institute Inc, Cary, NC). Associations were
considered significant at a P!.05 level. Our sample
size was predetermined by the number of women in
this ancillary study. Our primary aims were descrip-
tive, and we conducted post hoc power analyses for
our secondary aim.

RESULTS
Of the 270 women who participated in the baseline
examination, 259 (95.9%) had at least one addi-
tional examination, and these women constitute the
study population. These 259 women were followed
over a period of 1–3 years, for a total of 559
woman-years. The mean age of this group was 68.1
years (standard deviation [SD] 5.5 years), mean
BMI 30.1 kg/m2 (SD 6.2 kg/m2), mean waist cir-
cumference 89.9 cm (SD 13.0 cm), and the median
vaginal parity was 4 (range 0 –12). At enrollment,
21 (8.1%) women were current smokers. One hun-
dred eighteen (45.6%) had been randomized to the
placebo group in the larger Women’s Health Ini-
tiative trial and 141 (54.4%) to the estrogen-proges-
terone group. Other characteristics of the study
sample at baseline have been previously de-
scribed.2 Five women (1.9%) reported prior surgery
for POP on enrollment (occurring from 3 to 31
years earlier). One woman underwent surgery for
prolapse (hysterectomy and rectocele repair) dur-
ing the course of the study. Four women reported
pessary use for POP or UI at one or more visits
during the study.

Seventy three women (28%) had four, 128 (49%)
had three, and 58 (22%) had two examinations.
Women with different numbers of examinations were
similar in age, BMI, parity, waist circumference, and
smoking (P values all ".05). While the median base-
line maximal vaginal descent in women with different
numbers of examinations was the same (–1 cm), the
range was greater in those with three examinations
(maximal vaginal descent range –3 to #3 cm com-
pared with –3 to #2 cm for those with four exams and
–3 to #1 for those with two exams; P$.04).

In every year, the median maximal vaginal de-
scent was –1 cm (range –3 to #3 cm). In each of years
1 through 4, 23.6% (61 of 259), 39.0% (94 of 241),
47.1% (98 of 208), and 49.4% (42 of 85) of women had
prolapse (as defined dichotomously above), but this
condition of prolapse waxed and waned from year to
year in individual women (Fig. 1). Overall, 1-year and
3-year prolapse incidence risks were 26% (95% CI
20–33%) and 40% (95% CI 26–56%); and 1-year and
3-year prolapse resolution risks were 21% (95% CI
11–33%) and 19% (95% CI 7–39%). Of 199 women
with no prolapse at baseline, 115 (58.1%) had no
prolapse at any subsequent evaluation, whereas 32
(16.2%) had prolapse at all subsequent evaluations.

The probabilities of any increase and decrease in
maximal vaginal descent over time varied depending
on the baseline maximal vaginal descent. The esti-
mated probabilities of vaginal descent progression
and regression of at least 1 cm for 1- and 3-year time

Fig. 1. Participants classified as having pelvic organ pro-
lapse (POP) in years 1, 2, and 3. (POP defined as the
maximal vaginal descent at the hymen or beyond.) Those
with missing examination data for a single year (18 in year
2, and 7 in year 3) were classified as having POP or no POP
based on their previous examination. Data for year 4 are
not shown because of the high attrition rate from early
closure of the overall Women’s Health Initiative trial.
Bradley. Natural History of Pelvic Organ Prolapse. Obstet
Gynecol 2007.
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intervals are presented in Table 1 and are presented
graphically for 1-year intervals in Figure 2. One-year
progression (increase in maximal vaginal descent by 1
cm or greater) rates exceeded regression (decrease in
maximal vaginal descent by 1 cm or greater) rates
when the baseline maximal vaginal descent was –1
cm or less, and 1-year regression rates exceeded
progression rates when the baseline maximal vaginal
descent was 0 cm or greater. A similar pattern was
seen for 3-year rates, except that 3-year progression
rates were equal to regression rates when the baseline
maximal vaginal descent was 0 cm.

The likelihood of vaginal descent progression and
regression of at least 2 cm similarly depended on the
baseline level of vaginal descent (data not shown).
Overall, a 1-year progression (increase) in maximal
vaginal descent by 2 cm or greater occurred in 5.8%
(95% CI 3.2–9.6%) of the women and a 1-year regres-
sion (decrease) of 2 cm or greater occurred in 1.2%
(95% CI 0.26–3.6%). Over 3 years, the maximal

vaginal descent increased by 2 cm or greater in 11.0%
(95% CI 4.9–20.5%) of the women and decreased by
2 cm or greater in 2.7% (95% CI 0.3–9.5%).

Risk factors associated with any increase and any
decrease in the maximal vaginal descent are pre-
sented in Table 2. Increasing BMI and grand multi-
parity (five or more vaginal deliveries) increased the
risk for vaginal descent progression. Current smokers
had an independent decreased risk for vaginal de-
scent progression in the model, but smokers had a
lower mean BMI than nonsmokers (26.2 versus 30.5
kg/m2; P!.002).

In a separate model, increasing BMI and parity
were inversely associated with vaginal descent regres-
sion. Randomization assignment to estrogen-progest-
erone treatment compared with placebo was not
associated with changes in vaginal descent. A post hoc
power calculation using our actual sample size and
the observed 1-year vaginal descent progression rate
in the women assigned to the placebo group (34.5%)
suggests that our sample size provided 80% power at
a 5% significance level to identify an increase or
decrease of at least 19 percentage points in this rate in
the estrogen-progesterone group compared with the
placebo group.

Waist circumference correlated strongly with
BMI (r!0.83, P".001), and thus could not be in-
cluded in the same multivariable models. When
models were created that included waist circumfer-
ence instead of BMI, waist circumference was also
found to be independently associated with progres-
sion and regression of the maximal vaginal descent. A
waist circumference of more than 80 cm, compared
with 80 cm or less, increased the risk of vaginal
descent progression (OR 2.77, 95% CI 1.58–4.86)

Fig. 2. Probabilities of 1-year progression and regression (1
cm or greater change) of the maximal vaginal descent,
based on the level of maximal vaginal descent at the
baseline examination.
Bradley. Natural History of Pelvic Organ Prolapse. Obstet
Gynecol 2007.

Table 1. Probabilities (With 95% Confidence Intervals) of 1 cm or Greater Increase and Decrease in the
Point of Maximal Vaginal Descent Over 1- and 3-Year Intervals for Each Baseline Level of
Maximal Vaginal Descent*

Any Increase in
Vaginal Descent

Any Decrease in
Vaginal Descent

“Net” Change in
Maximal Vaginal DescentPoint of Maximal

Vaginal Descent
at Baseline (cm) 1 Year 3 Year 1 Year 3 Year 1 Year 3 Year

–3 0.63 (0.50–0.74) 0.71 (0.56–0.82) — — — —
–2 0.47 (0.39–0.55) 0.56 (0.44–0.67) 0.08 (0.05–0.13) 0.15 (0.07–0.29) #0.39 #0.41
–1 0.32 (0.26–0.38) 0.40 (0.30–0.50) 0.17 (0.12–0.22) 0.20 (0.13–0.30) #0.15 #0.20
0 0.19 (0.13–0.27) 0.26 (0.17–0.37) 0.32 (0.23–0.42) 0.26 (0.16–0.39) –0.13 0
#1 0.11 (0.06–0.20) 0.15 (0.08–0.27) 0.52 (0.34–0.69) 0.32 (0.16–0.55) –0.41 –0.17
#2 0.06 (0.03–0.14) 0.09 (0.04–0.20) 0.71 (0.45–0.88) 0.40 (0.15–0.72) –0.65 –0.31
#3 0.03 (0.01–0.10) 0.05 (0.02–0.14) 0.85 (0.57–0.96) 0.48 (0.13–0.85) –0.82 –0.43

* Probabilities were derived using generalized linear models and generalized estimating equation methods. One- and 3-year “net” changes
in the maximal vaginal descent were calculated by subtracting the risk of vaginal descent decrease (regression) from that of vaginal
descent increase (progression).

VOL. 109, NO. 4, APRIL 2007 Bradley et al Natural History of Pelvic Organ Prolapse 851

and decreased the risk of vaginal descent regression
(OR 0.39, 95% CI 0.21–0.72).

DISCUSSION
Based on this study’s findings, mild POP is a fluid
state. On balance, older parous women are more
likely to develop new or progressive prolapse than to
regress, but the “net” annual change in vaginal de-
scent (progression rate – regression rate), is much
lower than the overall progression rate. Risk factors
for maximal vaginal descent progression include the
baseline level of vaginal descent, as well as BMI, waist
circumference, and vaginal parity. In this group of
women, smoking was protective against increasing
vaginal descent. However, given the association be-
tween smoking and BMI, smoking may be a proxy for
lower BMI as opposed to having a true protective
effect.

When initially designing this study, we did not
consider the possibility that prolapse could resolve.
During the course of the study, Handa et al10 reported
intriguing results from women enrolled at a different
Women’s Health Initiative site: annual regression
rates for prolapse exceeded progression rates. How-
ever, prolapse was not assessed using a validated or
quantitative tool, but rather using the larger Women’s
Health Initiative trial examination technique in which
the vagina was visualized during straining without a
speculum in place. Given this less rigorous method of
assessing prolapse, some considered these findings a
result of measurement error. Our results, using a
standardized, quantitative, and reproducible method
of assessing prolapse confirm that early POP does
indeed wax and wane. However, contrary to Handa’s

findings, progression of prolapse was more likely in
our study than regression.

On the other hand, alternative conclusions from
our results must also be considered. The vaginal
descent “progression” and “regression” observed in
these women could represent variability in vaginal
descent. The time of examination, exact bladder
volume, and Valsalva efforts during examination
were not standardized and might impact observable
levels of vaginal descent or prolapse. In addition,
although the POP-Q examination tool has proven
reproducibility, no tool is perfect, and our results
might also result in part from variability inherent in
POP-Q measurements. To partially offset such limi-
tations, we studied progression and regression of
descent in terms of 2-cm or greater changes in addi-
tion to 1-cm changes.

We evaluated changes in pelvic support by de-
scribing both how vaginal descent changed from year
to year using the continuous variable of maximal
vaginal descent and how women changed back and
forth from having prolapse (defined dichotomously as
present when the maximal vaginal descent was at or
beyond the hymen). Although the initial POP-Q
report defined prolapse as present when the POP-Q
stage was I or greater, this definition would classify
98% of our subjects as having prolapse at baseline,
precluding a meaningful comparison of women with
and without prolapse.4 We chose to use the hymeneal
ring as the cut point for a dichotomous definition of
prolapse because women with descent at or below this
level are more likely to report seeing or feeling a
vaginal bulge than are women with less vaginal

Table 2. Risk Factors and Their Associations (Odds Ratios and 95% Confidence Intervals) With 1 cm or
Greater Increase or Decrease in the Maximal Vaginal Descent*

Risk Factor
Increase in Maximal

Vaginal Descent
Decrease in Maximal

Vaginal Descent

Baseline maximal vaginal descent (per centimeter unit)† 0.42 (0.30–0.58) 1 Year: 2.66 (1.81–3.91)
2 Year: 2.89 (1.93–4.31)
3 Year: 2.26 (1.65–3.09)

Current smoker 0.33 (0.14–0.78) 1.94 (0.81–4.69)
Body mass index (kg/m2)

Less than 25 — —
25–30 2.08 (1.07–4.04) 0.40 (0.18–0.87)
More than 30 2.89 (1.54–5.43) 0.36 (0.18–0.70)

Vaginal parity
0 — —
1–2 1.28 (0.49–3.32) 0.21 (0.06–0.75)
3–4 2.35 (0.98–5.67) 0.39 (0.13–1.16)
5 or more 4.82 (1.92–12.09) 0.21 (0.07–0.66)

* Generalized linear models used and parameters estimated using the generalized estimating equation method.
† An interaction term between baseline maximal vaginal descent and time was included in the vaginal descent regression model.
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intervals are presented in Table 1 and are presented
graphically for 1-year intervals in Figure 2. One-year
progression (increase in maximal vaginal descent by 1
cm or greater) rates exceeded regression (decrease in
maximal vaginal descent by 1 cm or greater) rates
when the baseline maximal vaginal descent was –1
cm or less, and 1-year regression rates exceeded
progression rates when the baseline maximal vaginal
descent was 0 cm or greater. A similar pattern was
seen for 3-year rates, except that 3-year progression
rates were equal to regression rates when the baseline
maximal vaginal descent was 0 cm.

The likelihood of vaginal descent progression and
regression of at least 2 cm similarly depended on the
baseline level of vaginal descent (data not shown).
Overall, a 1-year progression (increase) in maximal
vaginal descent by 2 cm or greater occurred in 5.8%
(95% CI 3.2–9.6%) of the women and a 1-year regres-
sion (decrease) of 2 cm or greater occurred in 1.2%
(95% CI 0.26–3.6%). Over 3 years, the maximal

vaginal descent increased by 2 cm or greater in 11.0%
(95% CI 4.9–20.5%) of the women and decreased by
2 cm or greater in 2.7% (95% CI 0.3–9.5%).

Risk factors associated with any increase and any
decrease in the maximal vaginal descent are pre-
sented in Table 2. Increasing BMI and grand multi-
parity (five or more vaginal deliveries) increased the
risk for vaginal descent progression. Current smokers
had an independent decreased risk for vaginal de-
scent progression in the model, but smokers had a
lower mean BMI than nonsmokers (26.2 versus 30.5
kg/m2; P!.002).

In a separate model, increasing BMI and parity
were inversely associated with vaginal descent regres-
sion. Randomization assignment to estrogen-progest-
erone treatment compared with placebo was not
associated with changes in vaginal descent. A post hoc
power calculation using our actual sample size and
the observed 1-year vaginal descent progression rate
in the women assigned to the placebo group (34.5%)
suggests that our sample size provided 80% power at
a 5% significance level to identify an increase or
decrease of at least 19 percentage points in this rate in
the estrogen-progesterone group compared with the
placebo group.

Waist circumference correlated strongly with
BMI (r!0.83, P".001), and thus could not be in-
cluded in the same multivariable models. When
models were created that included waist circumfer-
ence instead of BMI, waist circumference was also
found to be independently associated with progres-
sion and regression of the maximal vaginal descent. A
waist circumference of more than 80 cm, compared
with 80 cm or less, increased the risk of vaginal
descent progression (OR 2.77, 95% CI 1.58–4.86)

Fig. 2. Probabilities of 1-year progression and regression (1
cm or greater change) of the maximal vaginal descent,
based on the level of maximal vaginal descent at the
baseline examination.
Bradley. Natural History of Pelvic Organ Prolapse. Obstet
Gynecol 2007.

Table 1. Probabilities (With 95% Confidence Intervals) of 1 cm or Greater Increase and Decrease in the
Point of Maximal Vaginal Descent Over 1- and 3-Year Intervals for Each Baseline Level of
Maximal Vaginal Descent*

Any Increase in
Vaginal Descent

Any Decrease in
Vaginal Descent

“Net” Change in
Maximal Vaginal DescentPoint of Maximal

Vaginal Descent
at Baseline (cm) 1 Year 3 Year 1 Year 3 Year 1 Year 3 Year

–3 0.63 (0.50–0.74) 0.71 (0.56–0.82) — — — —
–2 0.47 (0.39–0.55) 0.56 (0.44–0.67) 0.08 (0.05–0.13) 0.15 (0.07–0.29) #0.39 #0.41
–1 0.32 (0.26–0.38) 0.40 (0.30–0.50) 0.17 (0.12–0.22) 0.20 (0.13–0.30) #0.15 #0.20
0 0.19 (0.13–0.27) 0.26 (0.17–0.37) 0.32 (0.23–0.42) 0.26 (0.16–0.39) –0.13 0
#1 0.11 (0.06–0.20) 0.15 (0.08–0.27) 0.52 (0.34–0.69) 0.32 (0.16–0.55) –0.41 –0.17
#2 0.06 (0.03–0.14) 0.09 (0.04–0.20) 0.71 (0.45–0.88) 0.40 (0.15–0.72) –0.65 –0.31
#3 0.03 (0.01–0.10) 0.05 (0.02–0.14) 0.85 (0.57–0.96) 0.48 (0.13–0.85) –0.82 –0.43

* Probabilities were derived using generalized linear models and generalized estimating equation methods. One- and 3-year “net” changes
in the maximal vaginal descent were calculated by subtracting the risk of vaginal descent decrease (regression) from that of vaginal
descent increase (progression).
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Natural History of Pelvic Organ Prolapse in
Postmenopausal Women
Catherine S. Bradley, MD, MSCE, M. Bridget Zimmerman, PhD, Yingwei Qi, MS,
and Ingrid E. Nygaard, MD, MS, for the Women’s Health Initiative (WHI)*

OBJECTIVE: To describe the natural history of pelvic
organ prolapse and risk factors for changes in vaginal
descent in older women.

METHODS: This 4-year prospective observational study
included 259 postmenopausal women with a uterus en-
rolled at one Women’s Health Initiative clinical site who
completed at least two annual pelvic organ prolapse
quantification (POP-Q) examinations. We calculated
1-year and 3-year incidence and resolution risks for
prolapse (defined as maximal vaginal descent to or be-
yond the hymen) and estimated progression and regres-
sion rates (1 cm or greater and 2 cm or greater changes in
maximal vaginal descent) and risk factors.

RESULTS: Mean age was 68.1!5.5 years, and median
vaginal parity was 4. Seventy-three (28%) women had
four exams, 128 (49%) had three exams, and 58 (22%) had
two exams. Prolapse waxed and waned yearly in individ-
ual women. Overall 1-year and 3-year prolapse inci-
dences were 26% (95% confidence interval [CI] 20–33%)
and 40% (95% CI 26–56%); 1-year and 3-year prolapse

resolution risks were 21% (95% CI 11–33%) and 19%
(95% CI 7–39%). Rates of any change in maximal vaginal
descent over time varied depending on baseline mea-
surements. Over 3 years, the maximal vaginal descent
increased by at least 2 cm in 11.0% (95% CI 4.9–20.5%) of
the women and decreased by at least 2 cm in 2.7% (95%
CI 0.3–9.5%). Increasing body mass index and grand
multiparity increased the risk for vaginal descent progres-
sion.

CONCLUSION: Prolapse progresses and regresses in
older women, although rates of vaginal descent progres-
sion are slightly greater than regression overall. Obesity is
a risk factor for progression in vaginal descent.
(Obstet Gynecol 2007;109:848–54)

LEVEL OF EVIDENCE: III

It is estimated that one American woman in nine will
undergo surgical repair for pelvic organ prolapse

(POP) or urinary incontinence (UI) or both in her
lifetime.1 Some degree of minor POP is found in
nearly all parous women of all ages,2,3 but we know
very little about the natural history of prolapse. Thus,
we are unable to answer important clinical questions,
such as how often women develop clinically signifi-
cant prolapse, what their risk is of minor prolapse
worsening, or whether prolapse may even regress.

The pelvic organ prolapse quantification
(POP-Q) system, which has demonstrated good in-
traexaminer and interexaminer reliability, is a tool
that quantitatively describes findings on vaginal ex-
amination.4,5 The POP-Q examination has substan-
tially improved our ability to measure vaginal de-
scent, but a clinically relevant definition for POP
within the POP-Q staging system has not yet been
identified. Because many women have some vaginal
descent, there is debate about the clinical importance
of such mild prolapse. An improved understanding
about what happens to vaginal support over time will
help us understand the relevance of these anatomic
findings.

* For a list of investigators for the Women’s Health Initiative, see the Appendix.
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(POP-Q) system, which has demonstrated good in-
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that quantitatively describes findings on vaginal ex-
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Objective: The purpose of this study was to describe the natural history of pelvic organ prolapse
after menopause.
Study design: Over 2 to 8 years, participants in the estrogen plus progestin trial of the Women’s
Health Initiative at the University of California Davis had annual pelvic examinations, with an
assessment of uterine prolapse, cystocele, and rectocele. The findings from these examinations
were used to describe the incidence of pelvic organ prolapse, the probability of progression or re-
gression, and the associated risk factors.
Results: At baseline, 31.8% of women had pelvic organ prolapse (n=412 women). The annual
incidences of cystocele, rectocele, and uterine prolapse were 9.3, 5.7, and 1.5 cases per 100
women-years, respectively. Incident prolapse was associated with increasing parity and waist cir-
cumference. The progression rates for grade 1 pelvic organ prolapse (per 100 women-years) were
9.5 for cystocele, 13.5 for rectocele, and 1.9 for uterine prolapse. The annual rates of regression
(per 100 women-years) was 23.5, 22, and 48, respectively.
Conclusion: Our data suggest that pelvic organ prolapse is not always chronic and progressive as
traditionally thought. Spontaneous regression is common, especially for grade 1 prolapse.
! 2004 Elsevier Inc. All rights reserved.
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Pelvic organ prolapse (POP) leads to more than
300,000 surgeries in the United States, costing more
than $1 billion annually.1 Up to 11% of women have
surgery for POP or related conditions by age 80 years.2

Among ambulatory women, the prevalence of POP
varies widely in different populations, ranging from
30% to 93%.3-5 Differences may be explained, in part,
by varying diagnostic criteria, the sensitivity of various
examination techniques, and differences in population
characteristics. Among ambulatory women, most POP
is mild (eg, remaining inside the vagina); POP beyond
the vaginal introitus is found in fewer than 5% of cases.3

The prognosis of mild POP is unknown.
We undertook this study to describe the natural his-

tory of POP in a longitudinal study of postmenopausal
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assessment of uterine prolapse, cystocele, and rectocele. The findings from these examinations
were used to describe the incidence of pelvic organ prolapse, the probability of progression or re-
gression, and the associated risk factors.
Results: At baseline, 31.8% of women had pelvic organ prolapse (n=412 women). The annual
incidences of cystocele, rectocele, and uterine prolapse were 9.3, 5.7, and 1.5 cases per 100
women-years, respectively. Incident prolapse was associated with increasing parity and waist cir-
cumference. The progression rates for grade 1 pelvic organ prolapse (per 100 women-years) were
9.5 for cystocele, 13.5 for rectocele, and 1.9 for uterine prolapse. The annual rates of regression
(per 100 women-years) was 23.5, 22, and 48, respectively.
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! 2004 Elsevier Inc. All rights reserved.

KEY WORDS
Uterine prolapse
Cystocele
Rectocele
Women’s health

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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than $1 billion annually.1 Up to 11% of women have
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Among ambulatory women, the prevalence of POP
varies widely in different populations, ranging from
30% to 93%.3-5 Differences may be explained, in part,
by varying diagnostic criteria, the sensitivity of various
examination techniques, and differences in population
characteristics. Among ambulatory women, most POP
is mild (eg, remaining inside the vagina); POP beyond
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Objective: The purpose of this study was to describe the natural history of pelvic organ prolapse
after menopause.
Study design: Over 2 to 8 years, participants in the estrogen plus progestin trial of the Women’s
Health Initiative at the University of California Davis had annual pelvic examinations, with an
assessment of uterine prolapse, cystocele, and rectocele. The findings from these examinations
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examination techniques, and differences in population
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incidence of cystocele (odds ratio, 1.31 for each ad-
ditional pregnancy; 95% CI, 1.14-1.51; P!.001). Race
and BMI were not significantly associated with incident
cystocele. Similar associations were seen for incident
rectocele (n=67 women) and uterine prolapse
(n=19 women). Additionally, increasing BMI was as-
sociated strongly with incident rectocele (P!.001) but
not with cystocele or uterine prolapse.

Rates of progression and regression

Progression and regression rates are summarized in
Table II. For all three types of POP, regression was rel-
atively common. Regression of grade 2 to 3 POP was
less common than regression of grade 1 POP. The re-
gression rates were found to be constant over time in
this cohort and did not vary significantly by age.

Three women (0.73%) underwent surgery for POP.
Each of these women had grade 2 to 3 POP before sur-
gery and demonstrated grade 0 POP after surgery.

Finally, we examined risk factors for the regression
and progression of POP. Rectocele progression in-
creased significantly with increasing parity (odds ratio,
1.67; P=.03). No significant associations were observed
for POP regression, with the exception that women in
the lowest BMI category had a higher rate of cystocele
regression (P=.035).

Comment

To our knowledge, only one previous longitudinal study
of POP has been published.6 In that study, 241 women
(aged 45-55 years) were followed up for 1 year but the
incidence of prolapse was not reported. The mean
Baden-Walker grade of anterior wall prolapse decreased
from 0.2 to 0.1 (P=.045), and there was no change in
the mean grades of posterior wall or uterine prolapse.

Our data, collected in several hundred women over 2
to 8 years, allows us a unique opportunity to investigate
the incidence of POP. We found that new-onset cysto-

cele, rectocele, and uterine prolapse occurred in 9%,
6%, and 2% of women per year, respectively. Regres-
sion of POP mitigated the increasing prevalence of these
conditions in this cohort. Nevertheless, one quarter of
thewomenwho entered the studywithout POPwere diag-
nosed with cystocele at some point during the follow-up
period.

This study addresses and important and unknown
issue: the natural history of POP. The strengths of this
study include the large number of women followed up,
the duration of follow-up (mean 5.7 years), and the
use of a standardized examination technique. An impor-
tant limitation, however, is the examination technique.
The reproducibility and reliability of this examination
system are unknown. Research on POP depends on
the accurate identification and description of this condi-
tion. In 1996, the ‘‘POP-Q’’ (Pelvic Organ Prolapse
Quantification) system was introduced and adopted by
both the International Continence Society and the
American Urogynecologic Society.7 This classification
system is quantitative, objective, and reproducible8,9

but difficult to learn10 and probably too cumbersome
for routine clinical practice. The Baden-Walker system
is easier to learn and reproducible9 but not quantitative.
The WHI system is the simplest of the three. We believe
that the WHI examination system probably approxi-
mates the examination used in clinical practice. How-
ever, we suspect that the WHI examination technique
has several important limitations. First, this examina-
tion probably has a limited ability to discriminate be-
tween the absence of prolapse and mild prolapse. Also,
the WHI classification system is categorical rather than
continuous. As such, it may not be ideal for describing
changes in severity for an individual woman followed
up over time. Further, the categories are of unequal
interval, influencing our ability to describe changes
in prolapse severity. For example, a 1-cm worsening
of the prolapse will not change the stage of a woman
with mild prolapse until the prolapse approaches
the threshold of the introitus. Finally, an introital

Table II The probabilities of progression and regression of prolapse over 1 year of observation

Transition Probability 95% CI

Cystocele Grade 1 to 0 .235 0.19-0.28
Grade 1 to 2-3 .095 0.07-0.13
Grade 0 to 2-3 .012 0.006-0.019
Grade 2-3 to 0 .093 0.05-0.14

Rectocele Grade 1 to 0 .22 0.16-0.28
Grade 1 to 2-3 .135 0.09-0.19
Grade 0 to 2-3 .0135 0.008-0.02
Grade 2-3 to 0 .033 0.011-0.075

Uterine prolapse Grade 1 to 0 .48 0.34-0.62
Grade 1 to 2-3 .019 0.0005-0.099
Grade 0 to 2-3 .0006 !0.0001-0.0036
Grade 2-3 to 0 0 0-0.37
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Results

Study population

The study cohort included 412 participants with two to
eight annual examinations (mean, 5.7 examinations).
Data from 2340 examinations were included in these
analyses. The mean age at enrollment was 64.9 years
(range, 50-79 years). Ninety percent of the cohort was
white. Eighty-one percent of the cohort was parous,
with a median parity of 3 (range, 0-8). The mean BMI
at enrollment was 28.5 kg/m2 (range, 15.0-49.1 kg/m2).
The mean waist circumference was 89.1 cm.

Eighteen women (4.2%) who had only a single visit
during the follow-up period were excluded from this
report. They were similar to the other participants in
distributions of age, race, parity, BMI, waist circumfer-
ence, and baseline prevalence of POP.

Prevalence and incidence of POP

The baseline prevalences of the various types of POP are
summarized in Table I. The incidences of cystocele, rec-
tocele, and uterine prolapse were relatively constant
over time in this cohort and are presented therefore as
average annual incidences for all years of data collec-
tion.

The lifetime cumulative prevalence of each type of
POP is illustrated in the Figure. Among women who en-
tered the WHI protocol without cystocele, one in four

women was diagnosed with cystocele at some point dur-
ing the study. Among women who entered the study
without a rectocele, one in six women was diagnosed
with rectocele at some point during the study. Uterine
prolapse was diagnosed less commonly (!3% lifetime
cumulative prevalence).

Risk factors for incident prolapse

Incident cystocele occurred in 89womenduring the follow-
up period. Incident cystocele was associated strongly
with parity (P!.01) and waist circumference (P=
.03). Increasing parity was associated with increasing

Figure Lifetime cumulative prevalence for cystocele, rectocele, and uterine prolapse among women who entered the study with-
out prolapse (n=281 women). Lifetime cumulative prevalence is defined as any prolapse that is observed at any time during the
follow-up period.

Table I Baseline prevalence and average annual incidence of
POP (n = 412 women)

Baseline
prevalence (%)

Average annual
incidence (cases per
100 women-years)

Cystocele 24.6 9.3
Grade 1 14.4
Grade 2 9.5
Grade 3 0.7

Rectocele 12.9 5.7
Grade 1 7.8
Grade 2 5.1

Uterine prolapse 3.8 1.5
Grade 1 3.3
Grade 2 0.6
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present in the vagina. Collagen I forms large and strong
fibers responsible for the mechanical resistance of the tissue.
This subtype is abundant in skin, ligament, tendon, and
bone. Collagen III forms smaller fibers of lower tensile
strength and is present in mobile organs and cyclically
stretched tissues such as blood vessels [9]. Type I collagen
confers strength to tissues while type III contributes to
elasticity. Type V collagen forms small fibers of low tensile
strength. Collagens I, III, and V copolymerize to form
hybrid fibrils. Type V collagen forms the core of the fibril
surrounded by co-polymers of collagen type I and type III.
The proportion of each subtype of collagen determines the
fiber size and has an impact on the biomechanical strength
of the tissue [10, 11]. The collagen fibers are further covered
by FACIT collagens XII and XIV and small leucine-rich
proteoglycans such as decorin, which also participate in
the control of fibrillogenesis.

Several studies have analyzed changes in the vaginal
connective tissue of patients with and without POP by
histology [12–19] using various methods and stainings to
assess changes in collagen content in the vaginal wall. The
results of these studies are described in Table 1.

Makinen et al. reported an increased amount of collagen
fibers and a rarefaction of fibroblasts in the vaginal fascia of
women with POP, using a Weigert Van Gieson stain [12]. In
agreement with this study, Kökçü et al. compared connec-
tive tissue components of the vaginal tissue samples in the
precervical region with Gomori’s one-step trichrome and
described higher “scores” of collagen and lower “scores”
of fibroblasts in patients with POP [13]. They postulated,
although with no supportive data, that the fibroblasts in
patients with POP might be producing a high amount of
weak collagen, probably type III, leading to pelvic support
disorders.

Picrosirius red stain can also be used to visualize collagen
fibers from the vaginal tissue. Contrasting with the above
studies, Takano et al. did not find any significant difference
between the POP and control groups [14]. By using a
Picrosirius polarization method, Borges et al. observed a
molecular disorganization and fragmentation of the collagen
fibers in the lamina propria of women with POP [15].

Liapis et al. analyzed type III collagen in the vagina
around the urethra by immunohistochemistry and reported
a severely reduced visual score in patients with POP and
genuine stress incontinence (GSI) and a moderate reduction
in patients with POP alone compared with the control group
[16]. From the study by Goepel et al. who investigated
several collagen types in the periurethral vagina wall in
continent and incontinent postmenopausal women with
POP, it seems that tissues from POP patients with GSI
showed weaker immunostaining for types I, III, and IV
collagens [17]. In agreement with these results, by investi-
gating the same molecules and analyzing the immunostain-
ing by automatic digital image analysis, Lin et al. observed a
significant reduction in only collagen III in the apex of the
anterior vaginal wall in patients with POP [18].

In contrast to these results, Moalli et al., by using semi-
quantitative immunofluorescence staining for collagen types
I, III, and V in full-thickness biopsies of the vaginal apex,

Fig. 1 Histology of full-thickness biopsy specimens obtained from
cross-sections of the anterior vaginal wall in women with pelvic organ
prolapse. The vaginal wall consists of four layers: the epithelium and
lamina propria (vaginal mucosa), muscularis, and adventia. a

Hematoxylin–eosin staining, b staining for smooth muscle α-actin, c
orcein stain for detection of elastic fibers, d Masson’s trichrome stain.
Original magnification, ×10

Fig. 2 The structure of collagen. Triple helical collagen molecules
(tropocollagen) polymerize to form microfibrils, fibrils, and bundles of
fibrils (collagen fiber) progressively stabilized by cross-link upon the
activity of lysyloxidase (LOX)
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Objective: The arcus tendineous fasciae pelvis (ATFP) provides support to the anterior vagina.
The objective of this study was to determine the impact of menopause on the structural compo-
nents of the ATFP.
Study design: Biopsy specimens of the ATFP were obtained from 10 premenopausal, 5 postmeno-
pausal, and 12 postmenopausal women on hormone therapy. Scanning confocal microscopy of
fluorescent micrographs was used to define the amount of collagen subtypes, smooth muscle,
and elastin. Collagen fiber orientation was determined by scanning electron microscopy.
Results: The ATFP is comprised primarily of parallel bundles of type III collagen fibers (84%),
an intermediate amount of elastin (13%), and very little smooth muscle. The ratio of collagen I/
(III+V) was decreased in postmenopausal not on hormones relative to premenopausal women
(P=.04) due to a 75% decrease in collagen I (P=.046). The decrease in collagen I and change in
collagen ratios was not present in women on hormone therapy. Comparison of the amounts of
elastin and smooth muscle showed no difference in the ATFP of premenopausal and postmeno-
pausal women.
Conclusion: Menopause in the absence of hormone therapy is associated with a decrease in quan-
tity of collagen I in the ATFP resulting in a decrease in the ratio of collagen I/(III+V). This may
compromise the tensile strength and an increase susceptibility to anterior vaginal wall prolapse.
! 2004 Elsevier Inc. All rights reserved.
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The arcus tendineous fasciae pelvis (ATFP) is
a dense band of connective tissue that serves as the
point of attachment of the lateral vaginal walls. The

ATFP effectively pulls the anterior vagina out to the
pelvic sidewall forming the anterolateral vaginal sulci
and fixing the anterior vagina firmly in place. In this
way, the bladder and urethra are supported and down-
ward pressure on the anterior surface of the vagina is
resisted.1,2 The ATFP is formed from a condensation
of the parietal fascias overlying the obturator internus
and levator ani muscles. It extends from the pubic
symphysis anteriorly to the ischial spine posteriorly.

Supported by National Institutes of Health grant No. HD01261-
02.

* Reprint requests: Pamela A. Moalli, MD, PhD, Magee-Womens
Research Institute, 300 Halket St, Pittsburgh, PA 15213.

E-mail: RSIPAM@mwri.magee.edu

American Journal of Obstetrics and Gynecology (2004) 190, 620e7

www.elsevier.com/locate/ajog

0002-9378/$ - see front matter ! 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.ajog.2003.08.040

Impact of menopause on collagen subtypes in the
arcus tendineous fasciae pelvis

P. A. Moalli, MD, PhD,a,* L. C. Talarico, BS,a V. W. Sung, MD,a

W. L. Klingensmith, BS,a S. H. Shand, BS,b L. A. Meyn, MS,a S. C. Watkins, PhDb

Magee-Womens Research Institute and Department of Obstetrics and Gynecology at Magee Womens Hospital,a

Center for Biological Imaging,b University of Pittsburgh, Pittsburgh, Pa

Received for publication January 8, 2003; revised March 24, 2003; accepted August 29, 2003

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Objective: The arcus tendineous fasciae pelvis (ATFP) provides support to the anterior vagina.
The objective of this study was to determine the impact of menopause on the structural compo-
nents of the ATFP.
Study design: Biopsy specimens of the ATFP were obtained from 10 premenopausal, 5 postmeno-
pausal, and 12 postmenopausal women on hormone therapy. Scanning confocal microscopy of
fluorescent micrographs was used to define the amount of collagen subtypes, smooth muscle,
and elastin. Collagen fiber orientation was determined by scanning electron microscopy.
Results: The ATFP is comprised primarily of parallel bundles of type III collagen fibers (84%),
an intermediate amount of elastin (13%), and very little smooth muscle. The ratio of collagen I/
(III+V) was decreased in postmenopausal not on hormones relative to premenopausal women
(P=.04) due to a 75% decrease in collagen I (P=.046). The decrease in collagen I and change in
collagen ratios was not present in women on hormone therapy. Comparison of the amounts of
elastin and smooth muscle showed no difference in the ATFP of premenopausal and postmeno-
pausal women.
Conclusion: Menopause in the absence of hormone therapy is associated with a decrease in quan-
tity of collagen I in the ATFP resulting in a decrease in the ratio of collagen I/(III+V). This may
compromise the tensile strength and an increase susceptibility to anterior vaginal wall prolapse.
! 2004 Elsevier Inc. All rights reserved.
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The arcus tendineous fasciae pelvis (ATFP) is
a dense band of connective tissue that serves as the
point of attachment of the lateral vaginal walls. The

ATFP effectively pulls the anterior vagina out to the
pelvic sidewall forming the anterolateral vaginal sulci
and fixing the anterior vagina firmly in place. In this
way, the bladder and urethra are supported and down-
ward pressure on the anterior surface of the vagina is
resisted.1,2 The ATFP is formed from a condensation
of the parietal fascias overlying the obturator internus
and levator ani muscles. It extends from the pubic
symphysis anteriorly to the ischial spine posteriorly.
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Previous studies have found a correlation between col-
lagen ratios and various disease states. For example, pa-
tients with end stage myocardial fibrosis associated with
a dilated cardiomyopathies and a low ejection fraction

have an increased ratio of collagen I/III relative to
patients with normal ejection fractions.14 Patients with
osteogenesis imperfecta Sillence type I have a biomechan-
ically weaker skin caused by a decrease in the ratio of col-
lagen I/III.15 The skin of patients with incisional hernias
has a lower ratio of collagen I/III than the skin and scar
of control patients.16,17 Patients with recurrent incisional
hernias have a further increase in the ratio of collagen I/III
over patients who present initially.17 Studies of ruptured
Achilles tendons demonstrate an increase in collagen III
at the rupture site relative to adjacent nonruptured ten-
don.18 The authors hypothesize that the increase in colla-
gen III causes thinner fibers, a decrease in tensile strength
of the tissue and an increased risk for rupture.

We show that the ATFP consists primarily of collagen
III combined with an intermediate amount of elastin and
a small amount of smooth muscle. Studies of the micro-
anatomy of the aortic wall suggest that the collagen fibers
in this highly distensible vessel are predominantly colla-
gen type III.19 In contrast, collagen fibers rectus fascia,
skin and tendon predominantly type I collagen. The
increase in type III relative to type I collagen in the
ATFP suggests that this structure has a high degree of
flexibility. Indeed, during parturition, the ATFP must
stretch to accommodate the passage of the fetus. In the
nonpregnant female, theATFPmust support the anterior
vaginal wall with sudden increases in intra-abdominal
pressure such as with cough and sneeze. However, the

Figure 2 A, A representative fluorograph of collagen (green), smooth muscle (blue), and elastin (red) in the ATFP of
a premenopausal women. Five to seven micrometer sections of the ATFP were labeled with primary antibodies against collagen,
elastin, and smooth muscle myosin. Secondary antibodies linked to three different fluorophores were added at the appropriate
dilutions. Semiquantitative analysis was performed using scanning confocal microscopy showing that the ATFP is comprised of
primarily collagen and elastin with a minor amount of smooth muscle. B, A representative fluorograph of collagen subtypes
prepared similarly. Collagen III (green) is the predominant subtype, followed by collagen I (red) and collagen V (blue).

Table II Comparison of the total amount of collagen,
smooth muscle and elastin in the ATFP of premenopausal,
postmenopausal and postmenopausal on hormone therapy
(HT+)

Component No. Median P value*

Collagen .1
Premenopausal 10 6699
Postmenopausal, HT! 5 6410
Postmenopausal, HT+ 12 8966
Overall 27 8032

Elastin .9
Premenopausal 10 986
Postmenopausal, HT! 5 859
Postmenopausal, HT+ 12 1321
Overall 27 1046

Smooth muscle .8
Premenopausal 10 248
Postmenopausal, HT! 5 478
Postmenopausal, HT+ 12 255
Overall 27 274

Overall values from the three groups of women combined are shown.
* P value from Kruskal-Wallis test.

Data represented as voxel intensity per area squared.
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were older than the premenopausal women, there was
no difference in the ages of the postmenopausal women
on and off hormones.

Analysis of the ATFP by scanning electron micros-
copy in the 27 women, demonstrated that it is a compact
structure comprised of long parallel bundles of collagen
fibers (Figure 1). We were unable to detect any consistent
qualitative differences in the appearance or orientation
of the collagen fibers in the three groups of women. Scan-
ning confocal microscopy was used to simultaneously ex-
amine and quantitate the relative amounts of three
different antigens present in a fluorescent micrograph.
Using this technique, we demonstrated that the ATFP
consists primarily of collagen (84%) with minor amount
of smooth muscle (3%) and an intermediate amount of
elastin (13%, Figure 2 and Table II, overall values).
There was no difference in the amount of these structural
proteins in premenopausal and postmenopausal women.
Analysis of the relative amount of each collagen subtype
showed that overall collagen III is the predominant sub-
type (82%), followed by collagen I (13%) and collagen V
(4%, Table III, overall values). As outlined in Table III,
the percentage of collagen I was decreased in postmeno-
pausal not on HT relative to premenopausal women and
postmenopausal women on HT (P=.04). The ratio of
collagen I/(III+V), an indicator of tensile strength,
was also decreased in postmenopausal women not on
HT relative to premenopausal women and postmeno-
pausal women on HT (Table III). Further analysis of
the data that used ANOVA demonstrated that the fol-
lowing factors had no significant effect on the amount
of collagens subtypes, elastin or smooth muscledage,
type of HT (estrogen alone vs estrogen and progester-
one), history of a hysterectomy, length of time meno-
pausal, stage of menstrual cycle, and history of
surgically induced menopause.

Comment

The arcus tendineous plays a key role in supporting the
anterior vaginal wall. Failure of the arcus tendineous
results in prolapse of the bladder and urethra into the
vagina. In this study, the microanatomy of the ATFP
is defined and the impact of menopause on the struc-
tural components of the ATFP is examined. Our study
demonstrates that the ATFP is comprised primarily of
parallel bundles of collagen with a smaller amount of
elastin and very little smooth muscle. The fibrils are
heterotypic consisting of collagens I, III, and V. Colla-
gen type III as the predominant collagen. Consistent
with our hypothesis, the ratio of collagen I/(III+V)
is decreased in postmenopausal women not on HT rel-
ative to premenopausal women indicating a decrease
in tensile strength of the ATFP in postmenopausal
women not on HT. The addition of HT for at least 1
year restores the ratio of collagens to premenopausal
levels.

The fibrillar collagens I, III, and V provide tissues
with tensile strength. Collagen I forms the largest stron-
gest fibers and predominates in tissues with the greatest
tensile strength, including ligament, tendon, bone, and
the rectus sheath. Collagen III forms smaller fibers
and predominates in tissues that require increased flexi-
bility and are subject to periodic stress such as the vas-
culature. Collagen V also forms small fibers and is
thought to be as important in wound healing and direct-
ing fibrillogenesis.8 Even small variations in the ratios of
the fibrillar collagen subtypes can significantly alter the
tensile strength of a tissue.12,13 For this reason, the rela-
tive ratio of the collagen I to collagens III and V is used
as an indicator of tensile strength.12 An increase in the
ratio indicates a stiffer tissue (decreased flexibility) with
higher tensile strength.

Figure 1 A representative scanning electron micrograph of the ATFP showing densely packed parallel bundles of collagen.
Specimens were fixed, sectioned, and dried. (Original magnification, !5500.)
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cost of this increased flexibility is a decrease in tensile
strength that may also make the ATFP more vulnerable
to failure.

Our finding that the ratio of collagen I to collagens
III and V is decreased in postmenopausal women not
on HT relative to premenopausal women indicates that
the flexibility of the ATFP further increases in postmen-
opausal women not on HT. Clinically, however, distinct
disruptions in the attachment of the lateral vagina to the
arcus tendineous are apparent while stretching or disten-
sion has not been described. It is feasible that the arcus
already injured from childbirth may stretch or distend
with repeated increases in intra-abdominal pressure af-
ter menopause to a point of failure. A failure of the ar-
cus would result in what is seen clinicallyda separation
of the arcus from the vagina or pelvic sidewall. It is note-
worthy that, in this study, all biopsy specimens were ob-
tained at least 4 cm anterior to the most anterior point
of detachment of the arcus tendineous. Thus, one would
expect to see the impact of menopause on the tissue
rather than the effect of a mechanical disruption per se.

Changes in the quantity of total collagen and ratios
of collagen subtypes I and III have been hypothesized
in previous studies to play a role in the cause of genuine
stress incontinence and pelvic organ prolapse; however,
the data are inconclusive.20-26 Because of the difficulties
in accessing the supportive connective tissue of the va-
gina, to date, most studies have focused on the vaginal
epithelium as a proxy for the supportive connective tis-
sue.20-24 The few that have examined connective tissue
deeper in the vaginal wall have done so through transva-
ginal needle biopsies.25-28 The use of vaginal epithelium
as a model for to study incontinence and prolapse may
be inappropriate because vaginal epithelium has no in-
trinsic supportive function. It is the deeper layers of col-
lagen and smooth muscle (muscularis and adventitia)
that are thought to provide support along the length
of the vaginal wall.1 In addition, both the epithelium
and deeper layers of the vaginal wall may be more sus-
ceptible to the secondary effects of prolapse than other
less exposed pelvic floor connective tissue structures
such as the ATFP. For example, a prolapsed organ sup-
ported by vaginal wall may put strain on the vaginal
wall resulting in stretching and distortion of the normal
architecture. In cases of severe prolapse, vaginal wall
can become thickened and ulcerated caused by chronic
irritation from undergarments. Such injury to the vagi-
nal wall would likely stimulate an increase collagen syn-
thesis during the repair process completely unrelated to
the cause of prolapse. Moreover, tissue that is obtained
through needle biopsy is limited in quantity and incurs
the risk of not obtaining the intended target tissue. We
have attempted to overcome some these limitations by
focusing on intact ATFP which remains within the
pelvis and consequently, should be less affected by the
secondary effects of prolapse. In addition, we confirm

each biopsy of the ATFP histologically using micros-
copy.

In a recent prospective randomized study of women
with stress urinary incontinence, Jackson et al29 com-
pared women on systemic estrogen therapy with women
treated with placebo. In contrast to this study, after 6
months of estrogen, the authors found evidence that
total collagen was lower and collagen degradation was
increased in the estrogen-treated group relative to the
placebo group. There was no difference in the ratio of
collagen I/III in the two groups. There are several differ-
ences in this study and ours that are worth pointing out.
First, Jackson et al focused on stress urinary inconti-
nence that may be a different entity from vaginal wall
prolapse. Second, although our study analyzes the use
of HT for at least 1 year, Jackson et al examined
short-term exposure (6 months). Third, as alluded to
previously, the vaginal epithelium has a very different
structural composition than the ATFP. The vaginal epi-
thelium (also known as mucosa) is a very dynamic struc-
ture containing primarily cells that are constantly
maturing and turning over with a relatively small
amount of collagen and matrix that serves as a point

Table III Comparison of amount of total collagen (type
I + III + V). the absolute amounts of collagens I, III, and V, and
ratio of collagen I/(IIIC V) in the ATFP of premenopausal,
postmenopausal, and postmenopausal women on HT

Collagen No. Median P value*

Total collagen .2
Premenopausal 9 13032y

Postmenopausal, HRTe 5 9092
Postmenopausal, HRT+ 12 10631
Overall 26 9966

Collagen I .046
Premenopausal 9 1370
Postmenopausal, HRTe 5 338
Postmenopausal, HRT+ 12 1856
Overall 26 1472

Collagen III .2
Premenopausal 9 11472
Postmenopausal, HRTe 5 6905
Postmenopausal, HRT+ 12 8054
Overall 26 8621

Collagen V .9
Premenopausal 9 410
Postmenopausal, HRTe 5 287
Postmenopausal, HRT+ 12 462
Overall 26 423

Ratio 1:(III + V) .04
Premenopausal 9 0.14
Postmenopausal, HRTe 5 0.04
Postmenopausal, HRT+ 12 0.25
Overall 26 0.15

Overall values for the three groups combined are also shown.
* P value from Kruskal-Wallis test.
y Data represented as voxel intensity per area squared.
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OBJECTIVE: Reduction in the collagen content of the pelvic floor tissue of the patients with pelvic organ

prolapse and/or stress urinary incontinence has been documented previously. However, this is less clear for

nonsupport tissue. We aimed to compare the collagen content of the uterine cervix, a nonsupport tissue, of

women who had pelvic organ prolapse with and without stress urinary incontinence against those without these

problems.

STUDY DESIGN: Cervical collagen content was compared between 14 women who had pelvic organ prolapse

with and without stress urinary incontinence and 17 controls without these conditions. Specimens were

obtained after surgery for benign gynecologic conditions.

RESULTS: Groups were similar with respect to age, parity, body mass index, and tobacco use. Women who

had pelvic organ prolapse with and without stress urinary incontinence possessed significantly less collagen

compared with the controls (8.10% ± 3.43% vs 12.35% ± 4.72%, P = .0104). Furthermore age, parity, body

mass index, or tobacco use had no significant relationship to collagen content.

CONCLUSION: Cervical collagen content is significantly decreased in women who have pelvic organ prolapse

with and without stress urinary incontinence regardless of age, parity, body mass index, or tobacco use. (Am J

Obstet Gynecol 2003;189:1597-600.)

Key words: Pelvic organ prolapse, stress urinary incontinence, collagen content, uterine cervix

The cause of pelvic organ prolapse and stress urinary
incontinence is multifactorial. Congenital abnormalities,
aging, childbirth, chronic straining or coughing, weak
levator ani musculature, and neurologic injury may all
result in stress urinary incontinence and/or pelvic organ
prolapse.1 However, not all women with these predis-
posing factors will develop pelvic floor defects. This sug-
gests that there may be other intrinsic factors responsible
for these conditions.

Various investigators have already demonstrated de-
creased collagen content and altered morphologic
features in the pelvic support tissue in women with pelvic
organ prolapse and stress urinary incontinence.2-5 How-
ever, analysis of nonsupport tissue may provide a more
accurate reflection of body collagen. The objective of our
study was to compare the collagen content of the uterine
cervix, a nonsupport tissue, between women who had

pelvic organ prolapse with and without stress urinary in-
continence and those without this condition.

Material and methods

Cervical specimens were obtained from 14 consecutive
women who underwent hysterectomy at Temple Univer-
sity Hospital for pelvic organ prolapse fromOctober 2000
through June 2002. They all had at least stage III pelvic
organ prolapse that was based on the pelvic organ
prolapse quantification (POPQ) system.6 All but 3 of
them were also diagnosed with stress urinary inconti-
nence by history, cotton swab test, cough stress test, and
preoperative multichannel urodynamic testing. Seven-
teen women who had surgery for benign gynecologic
conditions during the same period and did not have any
pelvic organ prolapse and/or stress urinary incontinence
according to the same criteria, were randomly selected as
controls. None of the women in the study gave a history of
any known connective tissue disease.
Immediately after removal of the uterus and cervix, an

approximately 5 3 5-mm size portion of the cervix was
excised, washed in saline solution to remove any residual
blood, frozen in liquid nitrogen in cryogenic storage vials,
and kept at !708C until analysis. After thawing, the tissue
was weighed, homogenized, dilapidated by using water
saturated chloroform/methanol 2:1 (vol/vol), and then
dried by vacuum centrifugation. Next, the fat-free protein
pellet was reweighed and then hydrolyzed with 6N
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incontinence is multifactorial. Congenital abnormalities,
aging, childbirth, chronic straining or coughing, weak
levator ani musculature, and neurologic injury may all
result in stress urinary incontinence and/or pelvic organ
prolapse.1 However, not all women with these predis-
posing factors will develop pelvic floor defects. This sug-
gests that there may be other intrinsic factors responsible
for these conditions.

Various investigators have already demonstrated de-
creased collagen content and altered morphologic
features in the pelvic support tissue in women with pelvic
organ prolapse and stress urinary incontinence.2-5 How-
ever, analysis of nonsupport tissue may provide a more
accurate reflection of body collagen. The objective of our
study was to compare the collagen content of the uterine
cervix, a nonsupport tissue, between women who had

pelvic organ prolapse with and without stress urinary in-
continence and those without this condition.

Material and methods

Cervical specimens were obtained from 14 consecutive
women who underwent hysterectomy at Temple Univer-
sity Hospital for pelvic organ prolapse fromOctober 2000
through June 2002. They all had at least stage III pelvic
organ prolapse that was based on the pelvic organ
prolapse quantification (POPQ) system.6 All but 3 of
them were also diagnosed with stress urinary inconti-
nence by history, cotton swab test, cough stress test, and
preoperative multichannel urodynamic testing. Seven-
teen women who had surgery for benign gynecologic
conditions during the same period and did not have any
pelvic organ prolapse and/or stress urinary incontinence
according to the same criteria, were randomly selected as
controls. None of the women in the study gave a history of
any known connective tissue disease.
Immediately after removal of the uterus and cervix, an

approximately 5 3 5-mm size portion of the cervix was
excised, washed in saline solution to remove any residual
blood, frozen in liquid nitrogen in cryogenic storage vials,
and kept at !708C until analysis. After thawing, the tissue
was weighed, homogenized, dilapidated by using water
saturated chloroform/methanol 2:1 (vol/vol), and then
dried by vacuum centrifugation. Next, the fat-free protein
pellet was reweighed and then hydrolyzed with 6N
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OBJECTIVE: Reduction in the collagen content of the pelvic floor tissue of the patients with pelvic organ

prolapse and/or stress urinary incontinence has been documented previously. However, this is less clear for

nonsupport tissue. We aimed to compare the collagen content of the uterine cervix, a nonsupport tissue, of

women who had pelvic organ prolapse with and without stress urinary incontinence against those without these

problems.

STUDY DESIGN: Cervical collagen content was compared between 14 women who had pelvic organ prolapse

with and without stress urinary incontinence and 17 controls without these conditions. Specimens were

obtained after surgery for benign gynecologic conditions.

RESULTS: Groups were similar with respect to age, parity, body mass index, and tobacco use. Women who

had pelvic organ prolapse with and without stress urinary incontinence possessed significantly less collagen

compared with the controls (8.10% ± 3.43% vs 12.35% ± 4.72%, P = .0104). Furthermore age, parity, body

mass index, or tobacco use had no significant relationship to collagen content.

CONCLUSION: Cervical collagen content is significantly decreased in women who have pelvic organ prolapse

with and without stress urinary incontinence regardless of age, parity, body mass index, or tobacco use. (Am J

Obstet Gynecol 2003;189:1597-600.)
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The cause of pelvic organ prolapse and stress urinary
incontinence is multifactorial. Congenital abnormalities,
aging, childbirth, chronic straining or coughing, weak
levator ani musculature, and neurologic injury may all
result in stress urinary incontinence and/or pelvic organ
prolapse.1 However, not all women with these predis-
posing factors will develop pelvic floor defects. This sug-
gests that there may be other intrinsic factors responsible
for these conditions.

Various investigators have already demonstrated de-
creased collagen content and altered morphologic
features in the pelvic support tissue in women with pelvic
organ prolapse and stress urinary incontinence.2-5 How-
ever, analysis of nonsupport tissue may provide a more
accurate reflection of body collagen. The objective of our
study was to compare the collagen content of the uterine
cervix, a nonsupport tissue, between women who had

pelvic organ prolapse with and without stress urinary in-
continence and those without this condition.

Material and methods

Cervical specimens were obtained from 14 consecutive
women who underwent hysterectomy at Temple Univer-
sity Hospital for pelvic organ prolapse fromOctober 2000
through June 2002. They all had at least stage III pelvic
organ prolapse that was based on the pelvic organ
prolapse quantification (POPQ) system.6 All but 3 of
them were also diagnosed with stress urinary inconti-
nence by history, cotton swab test, cough stress test, and
preoperative multichannel urodynamic testing. Seven-
teen women who had surgery for benign gynecologic
conditions during the same period and did not have any
pelvic organ prolapse and/or stress urinary incontinence
according to the same criteria, were randomly selected as
controls. None of the women in the study gave a history of
any known connective tissue disease.
Immediately after removal of the uterus and cervix, an

approximately 5 3 5-mm size portion of the cervix was
excised, washed in saline solution to remove any residual
blood, frozen in liquid nitrogen in cryogenic storage vials,
and kept at !708C until analysis. After thawing, the tissue
was weighed, homogenized, dilapidated by using water
saturated chloroform/methanol 2:1 (vol/vol), and then
dried by vacuum centrifugation. Next, the fat-free protein
pellet was reweighed and then hydrolyzed with 6N
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hydrochloric acid for 3 hours at 1208C at 50 pounds of
pressure. The tissue hydrolysate was then neutralized with
an equal volume of 6N sodium hydroxide. The collagen
content was determined indirectly by measuring the
hydroxyproline content of the tissue hydrolysate by using
a colorimetric assay as described by Neuman and
Logan.7,8 Because the hydroxyproline content of collagen
is approximately 13.4% ± 0.24%, the amount of hydroxy-
proline can be converted to its collagen equivalent by
multiplication by the factor 7.46.8 This calculation was
used to determine the percentage collagen content for
comparisons.
Generalized linear model (analysis of variance) was

used to determine the group differences in collagen
content. Age, parity, body mass index (BMI), and tobacco
use were evaluated for their linear effects on group
differences. Differences between groups were analyzed
with Fisher exact test for parity and tobacco use, and
Student t test for age and BMI. Experimental error was
reported as SEM. The statistical program PROC GLM
(SAS Institute, Cary, NC) was used for all the analyses.

Results

Groups were well matched for age, parity, BMI, and
tobacco use (Table). The cervical specimens of women
who had pelvic organ prolapse with and without stress
urinary incontinence contained significantly less colla-
gen compared with the controls (P = .0104). The mean
cervical collagen content of the study group was
8.10% ± 3.43%, whereas it was 12.35% ± 4.72% in the
control group (Table). Furthermore age, parity, BMI, or
tobacco use had no significant relationship to collagen
content.

Comment

Our results show that women who have pelvic organ
prolapse with and without stress urinary incontinence
possess less cervical collagen than their unaffected
counterparts. The endopelvic fascia with its attachments
is considered to suspend and anchor the pelvic organs in
their anatomic positions.9 Several researchers have shown
an impairment in collagen content or quality in this

support tissue in women with pelvic floor defects.2-5

Norton et al3 found an imbalance of collagen types with
excessive synthesis of the weaker type III collagen from the
fibroblasts taken from the fascia of women with genital
prolapse. Rechberger et al5 demonstrated a decrease in
collagen content of the pubocervical fasciae taken from
incontinent women, without any change in collagen cross-
linking or collagenase activity. Nevertheless, it seems
logical that any area of tissue defect may also possess
reduction in either collagen content or quality. If the goal
is to establish a causative relationship between collagen
content and pelvic floor defects, assessment of collagen
content of nonsupport structures may be more appropri-
ate. With this goal in mind, in a small study, Ulmsten
et al10 found significantly diminished collagen content in
skin and round ligaments of seven stress-incontinent
women compared with eight continent control subjects.
Our data also demonstrate an inherent collagen defi-
ciency in women who had pelvic organ prolapse with and
without stress urinary incontinence as reflected by their
cervical collagen content.

Although other factors may influence collagen quantity
and/or quality, such as collagen cross-linking, collagenase
activity, and differential expression of collagen subtypes,
studies to date have shown no difference in the number of
collagen cross-links, or in collagenase activity in women
with stress urinary incontinence.5 Although we did not
address the issue of differential expression of collagen
subtypes as a predisposing factor for pelvic organ prolapse
and stress urinary incontinence caused by time and cost
constraints, we believe that this is unnecessary in light of
the clear difference in total collagen content between the
groups in this study.

According to our findings, the reduction in cervical
collagen content was independent of age, parity, BMI, or
tobacco use. It has been shown that thigh collagen
content decreases after menopause in a linear fashion
by 2.1% per year for up to 15 years after menopause in
women without hormone replacement therapy, and
hormone replacement therapy prevents this decline.11,12

In our study, all postmenopausal women who had pelvic
organ prolapse with and without stress urinary inconti-
nence received vaginal estrogen or hormone replacement
therapy for at least 3 months before surgery, except for
one patient, whereas only four of the control subjects were
on preoperative estrogen/hormonal replacement ther-
apy. Even this clear difference in favor of the study group
did not help these patients with their collagen content.

We believe that this study is novel as our analysis may
become a clinically useful tool in predicting women who
have pelvic organ prolapse with and without stress urinary
incontinence. The quantity of cervical tissue needed for
collagen analysis is no greater than that needed for
a cervical biopsy during colposcopy. The area biopsied is
ideal for gynecologists to perform as well as cosmetic as it

Table I. Comparison of study subjects

Demographic
POP/SUI* Control

P value(n = 14)y (n = 17)

Age (y) 55.79 ± 17.31 47.65 ± 7.89 NSz

Parity (n) 3.43 ± 2.31 2.41 ± 1.23 NS
BMI (kg/m2) 26.86 ± 5.07 29.5 ± 6.94 NS
Tobacco use (%) 42.86 47.06 NS
Collagen content (%) 8.1 ± 3.44 12.35 ± 4.72 .0104

Values given as mean ± SD.
*Pelvic organ prolapse ± stress urinary incontinence.
yNumber.
zNot significant.
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Table 1 Collagen analysis by histology in biopsy specimens from vaginal tissue in patients with prolapse or without prolapse

Study Target population
and sample size

Menopausal
status

Mean
age (years)

Parity Biopsy localization Histological
localization

Analytical methods Findings: patients
with POP compared
with controls

[12] 10 women with
POP

Not described 60.1 Not
described

Anterior precervical
vaginal fascia

Not described Histology with HE,
Weigert Van Gieson,
PAS and Gomori

Increased collagen
fibers and decreased
amount of fibroblasts10 controls 47.3

[16] 34 women with
SUI and POP

16 pre- and 18
post-menopausal

54.4±7.1 2.4±1.2 Anterior paravaginal
fascia at the level
of the bladder neck

Not described Immunohistochemistry Decreased collagen III
in women with SUI
and prolapse, no
significant difference
in women with
prolapse alone
compared with
controls

32 women with
POP

15 pre- and 17
post-menopausal

55.4±7.4 2.5±1.1

28 controls 10 pre- and 18
post-menopausal

53.6±6.7 2.3±1.0

[13] 24 women with
POP

Premenopausal 44.4±5.2 3.0±1.1 Precervical vaginal fascia Not described Histology with HE,
Gomori’s trichrome

Increased total collagen
(subtypes not assessed)

21 controls Premenopausal 45.6±4 2.9±0.8
[14] 45 women with

POP
22 premenopausal 42.7 (35–49) Not

described
Fragments of
vaginal apex

Not described Histology with
Picrosirius

No statistically significant
difference in total
collagen between
the groups

23 postmenopausal 65.6 (47–85)
10 controls Premenopausal 41.9 (32–50)

[17] 29 patients with
POP

Postmenopausal 61.9 (49–74) Not
described

Periurethral vaginal
fascia

Mucosa Immunohistochemistry Decreased collagen I, III,
and VI in women with
SUI. No difference in
collagen IV and V

(15 with SUI and 14 without SUI)

[19] 37 patients with
POP

11 premenopausal 42.7±7.1 2 (1.4) Full-thickness vaginal
apex at one of the
lateral fornices

Subepithelium and
muscularis

Histology, laser
scanning confocal
microscopy and
immunofluorescence

Increased collagen III
with no difference in
collagens I and V

13 postmenopausal
(no HT)

68.1±9.4 3 (2.4)

13 postmenopausal
(on HT)

64.4±8.6 3 (2.4)

11 controls Premenopausal 39.7±7.1 3 (1.4)
[15] 6 women with POP Postmenopausal Not

described
Not

described
Fragments of vaginal
apex

Mucosa Picrosirius polarization
staining method

Collagen fiber disorganization

6 controls Not described Not
described

[18] 23 women with POP 8 pre- and 15
post-menopausal

57.4±15.1 4 (2–12) Full-thickness
precervical anterior
vaginal wall

Not described Immunohistochemistry Decreased collagen III,
collagen I and III had
significant positive
correlations with ageing

15 controls 13 pre- and 2
post-menopausal

47.1±15.5 3 (0–7)

[31] 20 women with
POP

Not described 61 1–4 Full-thickness
“redundant”
and non-prolapsed
vaginal tissue

All Layers Histology with
HE, Masson’s
trichrome, Verhoeff
Van Gieson, and
immunohistochemistry

No significant differences
in collagen content
between prolapsed
and nonprolapsed tissues

POP pelvic organ prolapse, SUI stress urinary incontinence, HE hematoxylin and eosin, PAS periodic acid-Schiff

2014
IntU

rogynecol
J
(2013)

24:2011–2020

De%Landsheere%IUJ%2013%

"'

#'

"'

#'

"'

#'

Au'total,'modificaCon'variable'du'collagène'selon'les'études'

De'temps'en'temps'corrélé'à'l’âge'

De'temps'en'temps'corrélé'à'la'ménopause'

De'temps'en'temps'indépendant….'

present in the vagina. Collagen I forms large and strong
fibers responsible for the mechanical resistance of the tissue.
This subtype is abundant in skin, ligament, tendon, and
bone. Collagen III forms smaller fibers of lower tensile
strength and is present in mobile organs and cyclically
stretched tissues such as blood vessels [9]. Type I collagen
confers strength to tissues while type III contributes to
elasticity. Type V collagen forms small fibers of low tensile
strength. Collagens I, III, and V copolymerize to form
hybrid fibrils. Type V collagen forms the core of the fibril
surrounded by co-polymers of collagen type I and type III.
The proportion of each subtype of collagen determines the
fiber size and has an impact on the biomechanical strength
of the tissue [10, 11]. The collagen fibers are further covered
by FACIT collagens XII and XIV and small leucine-rich
proteoglycans such as decorin, which also participate in
the control of fibrillogenesis.

Several studies have analyzed changes in the vaginal
connective tissue of patients with and without POP by
histology [12–19] using various methods and stainings to
assess changes in collagen content in the vaginal wall. The
results of these studies are described in Table 1.

Makinen et al. reported an increased amount of collagen
fibers and a rarefaction of fibroblasts in the vaginal fascia of
women with POP, using a Weigert Van Gieson stain [12]. In
agreement with this study, Kökçü et al. compared connec-
tive tissue components of the vaginal tissue samples in the
precervical region with Gomori’s one-step trichrome and
described higher “scores” of collagen and lower “scores”
of fibroblasts in patients with POP [13]. They postulated,
although with no supportive data, that the fibroblasts in
patients with POP might be producing a high amount of
weak collagen, probably type III, leading to pelvic support
disorders.

Picrosirius red stain can also be used to visualize collagen
fibers from the vaginal tissue. Contrasting with the above
studies, Takano et al. did not find any significant difference
between the POP and control groups [14]. By using a
Picrosirius polarization method, Borges et al. observed a
molecular disorganization and fragmentation of the collagen
fibers in the lamina propria of women with POP [15].

Liapis et al. analyzed type III collagen in the vagina
around the urethra by immunohistochemistry and reported
a severely reduced visual score in patients with POP and
genuine stress incontinence (GSI) and a moderate reduction
in patients with POP alone compared with the control group
[16]. From the study by Goepel et al. who investigated
several collagen types in the periurethral vagina wall in
continent and incontinent postmenopausal women with
POP, it seems that tissues from POP patients with GSI
showed weaker immunostaining for types I, III, and IV
collagens [17]. In agreement with these results, by investi-
gating the same molecules and analyzing the immunostain-
ing by automatic digital image analysis, Lin et al. observed a
significant reduction in only collagen III in the apex of the
anterior vaginal wall in patients with POP [18].

In contrast to these results, Moalli et al., by using semi-
quantitative immunofluorescence staining for collagen types
I, III, and V in full-thickness biopsies of the vaginal apex,

Fig. 1 Histology of full-thickness biopsy specimens obtained from
cross-sections of the anterior vaginal wall in women with pelvic organ
prolapse. The vaginal wall consists of four layers: the epithelium and
lamina propria (vaginal mucosa), muscularis, and adventia. a

Hematoxylin–eosin staining, b staining for smooth muscle α-actin, c
orcein stain for detection of elastic fibers, d Masson’s trichrome stain.
Original magnification, ×10

Fig. 2 The structure of collagen. Triple helical collagen molecules
(tropocollagen) polymerize to form microfibrils, fibrils, and bundles of
fibrils (collagen fiber) progressively stabilized by cross-link upon the
activity of lysyloxidase (LOX)
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observed that type III collagen is the major fibrillar collagen
of the vagina in patients with POP, independent of age and
parity [19]. Furthermore, the total amount of collagen was
increased in women with POP relative to women without
POP, primarily because of increased expression of type III
collagen. They postulated that the predominance of type III
collagen might explain the increased flexibility and disten-
sibility and the decreased tensile strength and therefore
contribute to the progression of the disease.

These conflicting results further support the need for
well-controlled studies in terms of patients, anatomical and
histological definition of the tissue, and validated quantifi-
cation methods.

Elastin

Elastic fibers are key architectural elements of connective
tissues that are subject to mechanical strain and expansile
forces. They provide extensibility and recoil to elastic tis-
sues. This property of resilience is important for the main-
tenance of vaginal structural integrity against mechanical
strain.

Elastin fibers are formed through a highly regulated and
stepwise process including the initial formation of a micro-
fibrillar scaffold, the guidance and deposition of tropoelastin
monomers into the scaffold followed by their enzymatic
cross-linking to form the functional insoluble elastin poly-
mer (Fig. 3).

More than 30 elastic fiber-associated proteins have been
identified, among which the major microfibrillar compo-
nents fibrillin 1 and 2 (FBN), the cross-linking lysyl oxi-
dases 1–4 (LOX), the lysyl oxidase-like 1 (LOXL1), and
proteins of the fibulin 1–5 family. Further to their structural

role, the fibrillin-rich microfibrils possess signaling func-
tions through their ability to bind latent TGF-β-binding
proteins (LTBPs) and bone morphogenic proteins (BMPs)
and regulate their bioavailability.

Several human connective tissue diseases linked to genetic
alterations of molecules forming elastic fibers such as Marfan
syndrome (FBN1) or cutis laxa have been associated with a
high incidence of POP. This finding has motivated gene
targeting studies of the proteins involved in elastogenesis
[20, 21]. Elastogenesis starts at midgestation and completes
during postnatal development. It is generally admitted that no
new elastic fiber is formed in the adult with the exception of a
remodeling of the pelvic organs during pregnancy and post-
partum recovery. LOXL1 and fibulin-5 seem to be most
significant factors in vaginal remodeling after parturition and
in age-associated POP. A large proportion of knock-out
Loxl1 −/− mice develop spontaneous POP at the age of 12
weeks or after the first and second delivery and have a signif-
icantly lower vaginal elastin content than the wild-type ani-
mals. An even higher proportion of fibulin-5 knock-out mice
(90%) develop prolapse with advancing age in relation to an
abnormal elastic fiber formation associated with increased
degradation due to MMP9 elastolytic activity up-regulation
by loss of the negative feedback control operated by fibulin-5
on MMP9. These mutant models give insights into the mech-
anisms controlling homeostasis of the elastic fibers and po-
tentially underlying pelvic prolapse in women

Measuring the elastin at the mRNA level in the vaginal
wall probably does not reflect the actual status of elastin in
the tissue as several post-transcriptional and translational
mechanisms can regulate its turnover. A few studies have
investigated the elastin changes in women with POP by
immunohistochemistry (Table 2) [18, 22, 23].

According to Karam et al., who compared elastin expres-
sion and elastic fiber width (EFW) in the anterior vaginal
wall of postmenopausal women with or without anterior
prolapse [22], patients with POP had lower elastin expres-
sion and lower EFW than controls. They also found that
EFW did not correlate with age in these postmenopausal
women. On the contrary, Lin et al. found by immunohisto-
chemistry high elastin expression in the POP group, but
after correcting for age and menopausal status there was
no difference between the two groups [18].

Fibulin-5 expression has also been investigated by im-
munohistochemistry in women with or without anterior
vaginal wall prolapse [23]. Staining intensity for fibulin-5
was diminished in the POP group compared with controls.

The better understanding of the critical role played by
elastin-associated proteins not only in the formation of elas-
tic fibers and their ability to regulate the activity of growth
factors, but also in the control of their degradation by
MMPs, should open new methods of investigation in the
physiopathology of POP.

Fig. 3 A simplified model of elastogenesis. Elastin fibers are formed
through a highly regulated and stepwise process including the initial
formation of a microfibrillar scaffold, the deposition of tropoelastin
monomers cross-linked together in a reaction catalyzed by lysyl oxidase
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Decreased endopelvic fascia elastin content in uterine prolapse
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Abstract
Background. Genital prolapse is a debilitating manifestation of pelvic floor dysfunction. The cause of this condition has not
been elucidated. The purpose of this study was to determine elastin content and RNA expression of related enzymes of
elastin synthesis in uterosacral ligament biopsies from women with severe prolapse, and controls with normal pelvic support.
Methods. Biopsies were taken from the uterosacral ligament tissue of 31 women with Grade III or greater prolapse and 29
women with normal pelvic support. Elastin content was assessed by measuring desmosine using radioimmunoassay, and
quantitative real time PCR was performed to quantify mRNA levels of lysyl oxidase (LOX), lysyl oxidase like-1 (LOXL1),
LOXL2 and fibulin-5 (FIB-5). Results. The mean desmosine concentration found in uterosacral ligaments of women with
prolapse (n!26) was 103.3959.3 pmolD/mgP compared to controls (n!29) 120.5947.4 pmolD/mgP (p!0.1943). In
the subgroup of subjects with complete procidentia (n!8), mean desmosine concentration was 50.6925.8 and 127.19
42.2 pmolD/mgP in age-matched controls (n!12) (pB0.05). In tissue from subjects with more than 2 vaginal deliveries
(n!18), the mean desmosine concentration was 99.9960.7 and 133.0944.0 pmolD/mgP in controls (n!17) (pB0.05).
Expression of LOX, LOXL1 and LOXL2 decreased 8.2-fold93.4, 5.0-fold91.7 and 15.2-fold95.2, respectively (mean9
SD) in cases versus controls (pB0.05). Expression of FIB-5 was increased 3.1-fold90.7 compared to controls (pB0.05).
Conclusions. Significantly decreased desmosine content was measured in the uterosacral ligament tissue from women with
prolapse versus controls in women with parity !2 and in women with complete procidentia. Suppression of mRNA for
LOX and two LOX isoenzymes was correspondingly present. These results suggest that altered elastin metabolism is present
in women with uterine prolapse.

Key words: Elastin, connective tissue, genital prolapse

Introduction

Pelvic floor dysfunction is a ‘hidden epidemic’ with
profound functional consequences for individuals
(1). A study in the US has indicated that 11% of
adult American women will undergo corrective
surgery for the condition (2). Re-operation in these
women is a common occurrence and indicates the
need for treatment improvement (1,2). An under-
standing of the cause of pelvic floor dysfunction
would contribute to treatment improvement, and,
more importantly, lead to preventive strategies,
making it a highly relevant clinical priority.

Elastin is a significant component of vaginal

connective tissue. Connective tissue integrity de-
pends on lysyl oxidase (LOX), an extracellular

enzyme related to the extracellular matrix with

collagen and elastin fibres (3). LOX catalyses the
initial step in cross-link formation in collagen and

elastin fibres (3). At least 4 isoenzymes exist, of

which LOXL1 is notable because it appears to be
specific to elastin metabolism (4,5). The cross-

linking amino acids, desmosine and isodesmosine,

formed through the action of LOXL1, are unique to
elastin and have been used as a quantitative measure
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Decreased endopelvic fascia elastin content in uterine prolapse
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Abstract
Background. Genital prolapse is a debilitating manifestation of pelvic floor dysfunction. The cause of this condition has not
been elucidated. The purpose of this study was to determine elastin content and RNA expression of related enzymes of
elastin synthesis in uterosacral ligament biopsies from women with severe prolapse, and controls with normal pelvic support.
Methods. Biopsies were taken from the uterosacral ligament tissue of 31 women with Grade III or greater prolapse and 29
women with normal pelvic support. Elastin content was assessed by measuring desmosine using radioimmunoassay, and
quantitative real time PCR was performed to quantify mRNA levels of lysyl oxidase (LOX), lysyl oxidase like-1 (LOXL1),
LOXL2 and fibulin-5 (FIB-5). Results. The mean desmosine concentration found in uterosacral ligaments of women with
prolapse (n!26) was 103.3959.3 pmolD/mgP compared to controls (n!29) 120.5947.4 pmolD/mgP (p!0.1943). In
the subgroup of subjects with complete procidentia (n!8), mean desmosine concentration was 50.6925.8 and 127.19
42.2 pmolD/mgP in age-matched controls (n!12) (pB0.05). In tissue from subjects with more than 2 vaginal deliveries
(n!18), the mean desmosine concentration was 99.9960.7 and 133.0944.0 pmolD/mgP in controls (n!17) (pB0.05).
Expression of LOX, LOXL1 and LOXL2 decreased 8.2-fold93.4, 5.0-fold91.7 and 15.2-fold95.2, respectively (mean9
SD) in cases versus controls (pB0.05). Expression of FIB-5 was increased 3.1-fold90.7 compared to controls (pB0.05).
Conclusions. Significantly decreased desmosine content was measured in the uterosacral ligament tissue from women with
prolapse versus controls in women with parity !2 and in women with complete procidentia. Suppression of mRNA for
LOX and two LOX isoenzymes was correspondingly present. These results suggest that altered elastin metabolism is present
in women with uterine prolapse.

Key words: Elastin, connective tissue, genital prolapse

Introduction

Pelvic floor dysfunction is a ‘hidden epidemic’ with
profound functional consequences for individuals
(1). A study in the US has indicated that 11% of
adult American women will undergo corrective
surgery for the condition (2). Re-operation in these
women is a common occurrence and indicates the
need for treatment improvement (1,2). An under-
standing of the cause of pelvic floor dysfunction
would contribute to treatment improvement, and,
more importantly, lead to preventive strategies,
making it a highly relevant clinical priority.

Elastin is a significant component of vaginal

connective tissue. Connective tissue integrity de-
pends on lysyl oxidase (LOX), an extracellular

enzyme related to the extracellular matrix with

collagen and elastin fibres (3). LOX catalyses the
initial step in cross-link formation in collagen and

elastin fibres (3). At least 4 isoenzymes exist, of

which LOXL1 is notable because it appears to be
specific to elastin metabolism (4,5). The cross-

linking amino acids, desmosine and isodesmosine,

formed through the action of LOXL1, are unique to
elastin and have been used as a quantitative measure
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controls was 3.65 (range: 1!7). None of the study
subjects had previously undergone pelvic surgery.
When matched for parity, significant differences
were seen in the subgroup of subjects with parity
!2 (Table I). Eight subjects with complete proci-
dentia had significantly lower desmosine levels
compared to age-matched controls (Table I).
Measurements of gene expression for LOX and

FIB-5 were made in tissue from 31 subjects with
prolapse and 27 subjects with normal support.
Insulin controlled diabetes mellitus was present in
one of the subjects with normal support and none of
the subjects with prolapse. The mRNA expression
levels of LOX, LOXL1 and LOXL2 genes were
significantly decreased 8.293.4-fold (p"0.046),
5.091.7-fold (p"0.020) and 15.295.2-fold (p"
0.048), respectively, in prolapse versus normally
supported subjects (Figure 1). The FIB-5 mRNA
expression level was increased 3.190.7-fold
(p"0.047) in the tissues from prolapse patients
(Figure 2). Measurements in which gene expression

was undetectable are shown in Table II. The
majority of undetectable measurements were in
LOX, LOXL1, and LOXL2 mRNA expression in
tissue samples from prolapse subjects. This matched
the quantitative suppression of gene expression at
mRNA levels as shown in Figure 1.

Discussion

The cause of pelvic floor dysfunction at the mole-
cular level is unknown. Preventive strategies are not
widely practiced, and surgery, in use for more than
100 years, remains a common therapy. Pelvic organ
prolapse is an anatomic abnormality and it has been
proposed that the anatomic and thus functional
integrity of the pelvis is provided by the pelvic
connective tissue (15). The major component of
pelvic connective tissue is collagen, so the focus of
research in pelvic floor dysfunction has been pri-
marily directed toward this protein. Decreased
collagen concentration has been demonstrated in
the pelvis of women with genital prolapse and stress

Table I. Tissue levels of desmosine (mean9standard deviation) in the prolapse and control groups.

Desmosine (pmoles/mg protein)

Prolapse group Control group p Value

All subjects 103.3959.3 (n"26) 120.5947.4 (n"29) 0.194

Parity 0!2 110.8955.0 (n"8) 102.9947.5 (n"12) 0.728
Parity !2 99.9960.7 (n"18) 133.0944.0 (n"17) B0.05

Complete procidentia 50.6925.8 (n"8) 127.1942.2 (n"12) B0.05
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Figure 1. Suppressed gene expression of LOX, LOXL1 and

LOXL2 in pelvic organ prolapse patients. Relative gene expression

was performed using real-time PCR and compared to RNase P to
normalise cDNA libraries, as described above. Quantitative real-

time PCR data show that LOX, LOXL1 and LOXL2 gene

expressions at mRNA levels significantly suppress 8.293.4,

5.091.7 and 15.295.2 folds (mean9SD), respectively, in pelvic
organ prolapse patients (n"22) compared to control patients

without pelvic organ prolapse (arbitrarily defined as 19SD, n"
24) (pB0.05).
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Figure 2. Increased gene expression of FIB5 in pelvic organ

prolapse patients. Relative gene expression was performed using

real-time PCR and compared to RNase P to normalise cDNA

libraries, as described above. Quantitative real-time PCR data
show that FIB5 gene expression at mRNA level significantly

increases 3.1-fold90.65 in prolapse patients (n"30) compared to

controls (n"26) (pB0.05).
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controls (n"26) (pB0.05).

Elastin content in uterine prolapse 113

controls was 3.65 (range: 1!7). None of the study
subjects had previously undergone pelvic surgery.
When matched for parity, significant differences
were seen in the subgroup of subjects with parity
!2 (Table I). Eight subjects with complete proci-
dentia had significantly lower desmosine levels
compared to age-matched controls (Table I).
Measurements of gene expression for LOX and

FIB-5 were made in tissue from 31 subjects with
prolapse and 27 subjects with normal support.
Insulin controlled diabetes mellitus was present in
one of the subjects with normal support and none of
the subjects with prolapse. The mRNA expression
levels of LOX, LOXL1 and LOXL2 genes were
significantly decreased 8.293.4-fold (p"0.046),
5.091.7-fold (p"0.020) and 15.295.2-fold (p"
0.048), respectively, in prolapse versus normally
supported subjects (Figure 1). The FIB-5 mRNA
expression level was increased 3.190.7-fold
(p"0.047) in the tissues from prolapse patients
(Figure 2). Measurements in which gene expression

was undetectable are shown in Table II. The
majority of undetectable measurements were in
LOX, LOXL1, and LOXL2 mRNA expression in
tissue samples from prolapse subjects. This matched
the quantitative suppression of gene expression at
mRNA levels as shown in Figure 1.

Discussion

The cause of pelvic floor dysfunction at the mole-
cular level is unknown. Preventive strategies are not
widely practiced, and surgery, in use for more than
100 years, remains a common therapy. Pelvic organ
prolapse is an anatomic abnormality and it has been
proposed that the anatomic and thus functional
integrity of the pelvis is provided by the pelvic
connective tissue (15). The major component of
pelvic connective tissue is collagen, so the focus of
research in pelvic floor dysfunction has been pri-
marily directed toward this protein. Decreased
collagen concentration has been demonstrated in
the pelvis of women with genital prolapse and stress

Table I. Tissue levels of desmosine (mean9standard deviation) in the prolapse and control groups.

Desmosine (pmoles/mg protein)

Prolapse group Control group p Value

All subjects 103.3959.3 (n"26) 120.5947.4 (n"29) 0.194

Parity 0!2 110.8955.0 (n"8) 102.9947.5 (n"12) 0.728
Parity !2 99.9960.7 (n"18) 133.0944.0 (n"17) B0.05

Complete procidentia 50.6925.8 (n"8) 127.1942.2 (n"12) B0.05

-25

-20

-15

-10

-5

0

5

m
RN

A 
Fo

ld
 C

ha
ng

es

LOX LOXL1 LOXL2

Controls (n ≥ 24)
Patients (n ≥ 22)

*

*

**: p < 0.05

Figure 1. Suppressed gene expression of LOX, LOXL1 and

LOXL2 in pelvic organ prolapse patients. Relative gene expression

was performed using real-time PCR and compared to RNase P to
normalise cDNA libraries, as described above. Quantitative real-

time PCR data show that LOX, LOXL1 and LOXL2 gene

expressions at mRNA levels significantly suppress 8.293.4,

5.091.7 and 15.295.2 folds (mean9SD), respectively, in pelvic
organ prolapse patients (n"22) compared to control patients

without pelvic organ prolapse (arbitrarily defined as 19SD, n"
24) (pB0.05).

0

1

2

3

4 Controls (n=26)
Patients (n=30)

* : p < 0.05

m
RN

A 
Fo

ld
 C

ha
ng

es

Fibulin 5

*

Figure 2. Increased gene expression of FIB5 in pelvic organ

prolapse patients. Relative gene expression was performed using

real-time PCR and compared to RNase P to normalise cDNA

libraries, as described above. Quantitative real-time PCR data
show that FIB5 gene expression at mRNA level significantly

increases 3.1-fold90.65 in prolapse patients (n"30) compared to

controls (n"26) (pB0.05).

Elastin content in uterine prolapse 113

31'paCentes'avec'POP'
47'ans'

29'paCentes'contrôles'
54'ans'

Biopsie'US'

M
orphom

etric
analysis

of
the

vaginal
w
all

L
ittle

is
know

n
about

the
changes

in
the

histom
orphom

etry
ofthe

vaginalw
allin

w
om

en
w
ith

PO
P.H

ypoestrogenism
is

an
im

portantcause
of

structuralm
odifications

in
the

vaginal
w
all

[24].U
rogenital

atrophy
and

reduction
in

vaginal
w
all

thickness
has

been
reported

to
occur

after
m
enopause,

al-
though

w
ithoutprecise

m
orphom

etry.To
date,the

histolog-
ical

and
m
orphom

etric
analysis

of
the

vaginal
w
all

in
w
om

en
w
ith

PO
P
is
still

inconclusive.
H
istological

analyses
of

the
vaginal

tissue
of

patients
w
ith

or
w
ithout

PO
P

can
be

used
to

observe
changes

in
the

different
com

ponents
(collagen,

elastin,
sm

ooth
m
uscle

cells,vessels
or

innervation)
of

the
tissue.T

ulikangas
et

al.
used

histology
to

com
pare

the
vaginal

w
all

of
w
om

en
w
ith

or
w
ithout

enterocele
and

observed
an

increase
in

vaginal
w
all

m
uscularis

thickness
in

the
PO

P
group

[25].
B
oreham

et
al.

w
ere

the
first

to
specifically

evaluate
the

histom
orphom

etric
features

of
the

anterior
and

posterior
vaginal

w
all

in
w
om

en
w
ith

and
w
ithout

PO
P

[6,
26].

T
hey

observed
that

the
m
orphom

etry
of

the
vaginal

w
all

m
uscularis

is
significantly

altered
in

w
om

en
presenting

PO
P,w

ith
a
decrease

in
the

fractionalarea
ofsm

ooth
m
uscle

in
the

m
uscularis

layer
and

disorganized
sm

ooth
m
uscle

bundles.
T
hey

suggest
that

the
decreased

staining
of

α
-

actin
in

prolapsed
vagina

m
ay

representa
loss

of
the

differ-
entiated

phenotype
of

the
sm

ooth
m
uscle

cells
or

m
ay

result
from

apoptosis
of

sm
ooth

m
uscle

cells.
T
hey

did
not

find
any

difference
in

apicalvaginaltissue
thickness

betw
een

the
tw
o
groups.

M
any

other
reports

have
published

concordant
results

w
ith

the
study

by
B
oreham

et
al.

(Table
3)

[27–30].
T
he

fraction
of

sm
ooth

m
uscle

in
the

m
uscularis

of
the

anterior
vaginal

w
all

w
as

significantly
decreased

in
w
om

en
w
ith

PO
P
and

there
w
as

no
significant

difference
betw

een
pri-

m
ary

and
recurrent

cases.
Takacs

et
al

also
observed

a
statistically

significantly
increased

sm
ooth

m
uscle

cell
apo-

ptotic
index

in
w
om

en
w
ith

PO
P,suggesting

thata
decrease

in
the

am
ountof

sm
ooth

m
uscle

in
the

anterior
vaginalw

all
m
ight

be
due

to
accelerated

apoptosis
[28].

A
nother

originalapproach
is
to

com
pare

the
histology

of
the

vaginal
w
all

in
tw
o
different

locations
from

the
sam

e
patient

to
determ

ine
w
hether

histological
differences

w
ere

due
to

intra-
or

inter-individual
variability.

K
annan

et
al.

found
that

histological
differences

are
very

subtle
and

that
both

prolapsed
and

nonprolapsed
tissues

expressed
the

sam
e

changes
in

collagen,elastin
or

sm
ooth

m
uscle

content[31].
M
easurem

entof
the

distance
betw

een
the

surface
epithe-

lium
and

the
nearestpointof

the
m
uscularis

have
also

been
used

to
analyze

changes
in

the
vaginaltissue

ofw
om

en
w
ith

or
w
ithout

PO
P
[29,30].T

he
m
ean

distance
of

the
sm

ooth
m
uscle

fibers
from

the
surface

epithelium
of

the
prolapsed

group
w
as

significantly
higher

than
in

the
controlgroup.D

a
Table 2 Elastin analysis by histology in biopsy specimens from vaginal tissue in women with or without prolapse

Study Target population and
sample size

Menopausal status Mean age (years) Parity Biopsy localisation Histological
localization

Analytical methods Findings: patients with POP
compared with controls

[13]] 24 women with POP Premenopausal 44.4±5.2 3.0±1.1 Precervical vaginal fascia Not described Histology with Verhoeff Van
Gieson elastic stains

No statistically significant
difference in elastin content21 controls Premenopausal 45.6±4 2.9±0.8

[18] 23 women with POP 8 pre- and 15
post-menopausal

57.4±15.1 4 (2–12) Full-thickness precervical
anterior vaginal wall

Not described Immunohistochemistry No statistically significant
difference in elastin content

15 controls 13 pre- and 2
post-menopausal

47.1±15.5 3 (0–7)

[22] 33 women with POP Postmenopausal 70.5 (62–78) 2.5 (2–4) Full-thickness upper lateral
anterior vaginal wall

Muscularis Immunohistochemistry Decreased elastin content and
fiber width10 controls Postmenopausal 70.5 (56–76) 3 (1.2–3)

[28] 12 women with POP 8 pre- and 4
post-menopausal

54±7 2 (1–6) Full-thickness precervical
anterior vaginal wall

Not described Immunohistochemistry Decrease staining intensity
for fibulin-5

10 controls 5 pre- and 5
post-menopausal

49±4 2 (0–5)

[31] 20 women with POP in
prolapsed and
nonprolapsed
localization

Not described 61 1–4 Full-thickness “redundant”
and nonprolapsed vaginal
tissue

All layers Histology with Verhoeff Van
Gieson elastic stains

No significant differences in
elastin content between
prolapsed and nonprolapsed
tissues
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Table 3 Smooth muscle analysis by histology in biopsy specimens from vaginal tissue in women with or without prolapse

Study Target population and
sample size

Menopausal status Mean
age (years)

Parity Biopsy localisation Histological
localisation

Analytical methods Findings: patients with
POP compared with
controls

[25] 13 women with POP 2 pre- and 11 post-menopausal
(8 on HRT and 3 no HRT)

66±11 3.7±1.2 Full-thickness vagina
at the leading edge of
the enterocele

All layers Histology with
Movat’s
pentachrome

Increased muscularis
thickness, no statistically
significant difference
in the vaginal wall
thickness among
the three groups

5 women undergoing
hysterectomy

Not described Not
described

13 women undergoing
radical hysterectomy

Not described Not
described

[6] 28 women with POP 14 pre- and 14 post-menopausal
(5 on HRT and 9 no HRT)

49.3±2.6 3.6±0.3 Full-thickness anterior
vaginal apex

Muscularis Immunohistochemistry
(A-SMA)

Decreased fraction of
nonvascular smooth
muscle12 controls Premenopausal 39.5±1.5 2.4±0.4

[26] 15 women with POP 11 pre- and 4 post-menopausal
(4 on HRT)

45.6±3.0 3 (0–6) Full-thickness posterior
vaginal apex

Muscularis Immunohistochemistry
(A-SMA)

Decreased fraction of
nonvascular smooth
muscle8 controls Premenopausal 38.5±2.8 2 (0–3)

[27] 11 women with POP Postmenopausal (3 on HRT) 68.4±7.8 2.5±1.1 Full-thickness anterior
vaginal apex

Muscularis Immunohistochemistry
(A-SMA)

Decreased fraction of
nonvascular smooth
muscle

8 controls 9 pre- and 2 post-menopausal
(1 on HRT)

45.3±8.0 2.0±1.2

[28] 6 women with POP Postmenopausal 61±3 1 (1–4) Full-thickness anterior
vaginal apex

Muscularis Immunohistochemistry
(A-SMA)

Decreased fraction of
nonvascular smooth
muscle

6 controls 1 pre- and 4 post-menopausal 46±5 1 (0–5)

[32] 31 women with POP 18 Premenopausal 35.67±4.29 4.7±1.54 Full-thickness anterior
and posterior vaginal
wall

All layers Histology with
Masson’s trichrome

Increased muscularis
thickness and total
vaginal thickness in
the postmenopausal
group

13 Postmenopausal 53.64±5.36 2.8±0.81

[29] 49 women with POP 20 pre- and 29 post-menopausal
(9 on HRT)

53.94±10.4 3 (1–9) Full-thickness anterior
middle portion (Aa)
of the vagina

All layers Immunohistochemistry
(A-SMA)

Decreased smooth
muscle content in the
muscularis, increased
thickening of the
subepithelium

40 controls 32 pre- and 8 post-menopausal
(7 on HRT)

46.5±4.03 2 (1–4)

[30] 37 women with POP 11 pre- and 26 post-menopausal 59±1.09 4 (1–9) Full-thickness anterior
vaginal apex

All layers Immunohistochemistry
(A-SMA)

No statistically
significant difference
in smooth muscle
content, increased
thickening of the
subepithelium

47 controls 41 pre- and 6 post-menopausal 46.40±5.92 2 (0–5)

[31] 20 women with POP in
prolapsed and nonprolapsed
localization

Not described 61 1–4 Full-thickness “redundant”
and nonprolapsed
vaginal tissue

All Layers Immunohistochemistry
(A-SMA)

No significant
differences in smooth
muscle content

IntU
rogynecol

J
(2013)

24:2011–2020
2017

"'

"'

"'

"'

"'

"'

"'



15/11/2014'

18'

ModificaCons'métaboliques''

Muscles'du'plancher'pelvien'
'

''pubococcygiens'antérieurs':'66'T'82%'de'type'1'
pubococcygiens'postérieurs':'90'%'de'type'1'
Iliococcygiens:''68'à'69'%'de'type'1'

Gilpin%SA,%Br%J%Obstet%Gynaecol%1989%%

+'de'type'2'dans'la'région'
périanale'et'périuretrale'

SouCent+++' AdaptaCon'rapide+++'

ADN'mitochondriale' ATP'Protéines'
'chaine'respiratoire'

FoncConnement'
fibre'de'type'1'

Vieillissement'

Fibres'de'type'1'
contracCon'lente,'mécanisme'oxydaCf,'acCvité'tonique'

Fibres'de'type'2'
contracCon'rapide,'faCgable''

AccumulaCon''
radicaux'libres'

Anomalie''
protéine'

AltéraCon''
des'fibres'

ModificaCons'métaboliques''

whether mitochondrial abnormalities were a
causative factor or a consequence of pelvic
prolapse. Further studies are warranted to char-
acterize these mitochondrial abnormalities and to
confirm their role in the development of pelvic

floor disorders. Should the results indicate that
oxidative stress leads to mtDNA damage followed
by pelvic floor weakness, then anti–free radical
agents might hold promise for preventing pelvic
organ prolapse.

Fig. 1 – Myopathological features of levator ani (A–F) and deltoid (G–H) muscles. (A, B) Focal cytochrome c oxidase (COX)
deficiency in levator ani muscle; (A) numerous COX-deficient fibers are indicated by blue staining, using combined succinyl
dehydrogenase (SDH; blue) and COX (brown) staining; (B) higher magnification showing COX-deficient fibers (stars). (C–F)
Ragged-red fibers in levator ani muscle; grotesquely deformed fibers with myofilament loss are assessed by partial
disappearance of green staining, accumulation of debris and subsarcolemmal fuchsinophilic material (C, D, F), presumably
abnormal mitochondrion, and occasionally cytoplasmic inclusions (E). (G, H) Normal histological appearance of deltoid
muscle. Frozen sections (A–H); histoenzymatic techniques (A, B) for COX (A, B) and SDH (B); modified Gomori and Masson’s
trichrome (C–F, H); and hematoxylin (G). Scale bars: A, G, H: 100 mm; B, C, D, E, F: 50 mm.
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•  ModificaCons'histologiques'et'fragilité'cutanée'

•  Probable'impact'sur'la'staCque'pelvienne'mais'controversé'
' '!'Beaucoup'de'facteurs'confondants'

•  Impact'certains'de'l’âge'sur'la'conCnence'urinaire'


