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Objective To investigate the risk factors for pelvic organ prolapse

(POP), including physical activity, clinically measured joint

mobility and pelvic floor muscle (PFM) function.

Design One-to-one age- and parity-matched case–control study.

Setting Akershus university hospital and one outpatient

physiotherapy clinic in Norway.

Population Forty-nine women with POP (POP quantification,

stage ‡II) and 49 controls (stages 0 and I) were recruited from

community gynaecologists and advertisements in newspapers.

Methods Validated questionnaires, interview and clinical

examination, including Beighton’s scoring system (joint

hypermobility) and vaginal pressure transducer measurements

(PFM function), were used. Univariate and multivariate

conditional logistic regression analyses for one-to-one matched

case–control studies were used, and odds ratios with 95% CIs are

reported.

Main outcome measures Pelvic floor muscle function (strength,

endurance and resting pressure), socioeconomic status, body mass

index, heavy occupational work, physical activity, family history,

obstetric factors and markers of connective tissue weakness (striae,

varicose veins, bruising, diastasis recti abdominis, joint

hypermobility).

Results No significant differences were found between groups

with regard to postmenopausal status, current smoking, current

low-intensity exercise, type of birth (caesarean, forceps, vacuum),

birth weight, presence of striae, diastasis recti abdominis and joint

hypermobility. Body mass index (OR 5.0; 95% CI 1.1–23.0),

socioeconomic status (OR 10.5; 95% CI 2.2–50.1), heavy

occupational work (OR 9.6; 95% CI 1.3–70.3), anal sphincter

lacerations (OR 4.5; 95% CI 1.0–20.0), PFM strength (OR 7.5;

95% CI 1.5–36.4) and endurance (OR 11.5; 95% CI 2.0–66.9)

were independently related to POP.

Conclusions Body mass index, socioeconomic status, heavy

occupational work, anal sphincter lacerations and PFM function

were independently associated with POP, whereas joint mobility

and physical activity were not.

Keywords Anal sphincter lacerations, body mass index, case–

control, joint hypermobility, occupational work, pelvic floor muscle,

pelvic organ prolapse, socioeconomic status, varicose veins.
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Introduction

The prevalence of pelvic organ prolapse (POP) varies

between 2% and 94% in the literature, depending on the

definition used and the target population.1 The highest

prevalence of POP is found amongst elderly women. There-

fore, in the future, the incidence of prolapse may increase

as a result of global aging.2 In the UK, POP accounts for

20% of women on waiting lists for major gynaecological

surgery,3 and the occurrence of re-operations is high.4

Although the prevalence of women with POP symptoms

has been reported to be much lower (7–23%),1 the overall

high prevalence of POP and related problems indicates a

need for the identification of risk factors at an early stage.5

Research aimed at understanding the modifiable risk fac-

tors for the prevention of POP is warranted.1

The aetiology of POP is considered to be multifactorial.

Based on the recently published integrated life span model,6

it can be assumed that the development of POP includes

predisposing factors (growth and development, genetic fac-

tors, connective tissue weakness, joint mobility),7–12 incit-

ing factors (childbirth, pelvic surgery)12–18 and intervening

factors (age-related changes, obesity, constipation, heavy

occupational work, vigorous physical activity).12,14–24
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Unfortunately, only a minority of these risk factors can eas-

ily be prevented.

Impairment of the pelvic floor muscles (PFMs) may lead

to a wider opening of the genital hiatus and the develop-

ment of POP. It has been suggested that increased muscle

impairment may lead to increased anterior wall prolapse.25

To date, the roles of PFM strength17,19,26 and vaginal rest-

ing pressure26 as risk factors for POP have been investi-

gated sparsely, and studies have shown different results. In

addition, PFM endurance may be considered as an impor-

tant component of PFM function, but, as far as we have

ascertained, its association with POP has not yet been

investigated. Poor PFM function can be a result of predis-

posing factors, such as an individual’s genetic code, nutri-

tion and environment, a traumatic inciting event, such as

childbirth, or intervening factors.6

Many of the proposed risk factors have been investigated

in postal surveys, interviews and medical registers only,

with no clinical data. Search on PubMed has not revealed

any studies involving the clinical assessment of joint mobil-

ity and PFM function in combination with other risk fac-

tors. Furthermore, although vigorous physical activity is

considered to be a risk factor,6 there is little knowledge

about its impact on PFM function and the development of

POP.16,19

The aim of this study was to investigate the proposed

risk factors for POP, including physical activity, clinically

measured joint mobility and PFM function.

Methods

Design
The study was designed as an individual, one-to-one

matched, case–control study.27 Each woman was matched

on age (within 5 years) and parity, and stratified by degree

of prolapse. POP was evaluated by a POP-quantification

(POP-Q) system28 and, for the purposes of this study, POP

was defined as stage ‡II.29 The study was approved by the

Regional Medical Ethics Committee (S-05146) and the

Norwegian Social Science Data Services (200501371

SMRH). All subjects gave written informed consent.

Population
Women attending routine gynaecological examinations

were referred to the study by community gynaecologists

working in Oslo and Akershus, Norway. Women were also

recruited through advertisements in newspapers. The inclu-

sion criteria were more than 1 year since last delivery and

the ability to understand Norwegian. In addition, an inclu-

sion criterion in the case group was POP-Q stage II or

above, with or without symptoms. Exclusion criteria were

previous POP surgery, radiating back pain, neurological

disorders, pelvic cancer, psychiatric disorders or untreated

urinary tract infection. Depending on the POP-Q value,

the women were included in either the POP group (POP

stage II or above) or the control group (POP stages 0 and I).

As no comparable studies evaluating PFM function in

relation to POP were found, power calculation was based

on the prevalence of joint hypermobility from the study of

Al-Rawi and Al-Rawi.9 They found a 66% prevalence of

joint hypermobility amongst women with POP, compared

with 15% in the control group. We assumed a 50% preva-

lence of hypermobility amongst women with POP and 25%

amongst controls. With 80% power and a 5% significance

level, at least 47 women should be included in each group.

As a result of possible missing data, we included 49 women

in each group.

Outcome measures

Symptoms
A questionnaire from Mouritsen and Larsen30 covered the

frequencies of mechanical, urinary, bowel and sexual symp-

toms and their impact on the quality of life. It has been

validated in a Scandinavian country. The International

Consultation on Incontinence Urinary Incontinence Short

Form (ICIQ-UI SF) questionnaire31 was used to assess uri-

nary incontinence and its impact on the quality of life.

ICIQ-UI SF has been shown to have good construct valid-

ity, acceptable convergent validity and good reliability.31

Postmenopausal status
Women were defined as postmenopausal if there had been

12 months since their last period.

Body mass index (BMI)
The BMI was calculated from the measured weight (Tanita

BWB 800, Fysiopartner, Oslo, Norway) and self-reported

height.

Socioeconomic status
High socioeconomic status was assessed by questionnaire

and defined as having an income of 350 000 NOK or more

and an educational level at university or higher.

Smoking
Current smoking was assessed by questionnaire asking

about current smoking habits; if a woman reported being a

smoker, she was asked how many cigarettes she smoked

per day.

Heavy work
To be classified as doing heavy occupational work, three

variables in the questionnaire needed to be present.

1 Self-report of occupational work as physically heavy.

2 Lifting more than 20 heavy lifts per week.

Factors associated with pelvic organ prolapse

ª 2009 The Authors Journal compilation ª RCOG 2009 BJOG An International Journal of Obstetrics and Gynaecology 1707

 14710528, 2009, 13, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/j.1471-0528.2009.02379.x by U

niversity O
f O

slo C
entral 340, W

iley O
nline L

ibrary on [07/11/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3 Working in a standing position for more than 50% of

the time.

If one or two factors were present, work was classified as

moderate.

Family history
A family history of pelvic floor disorders was assessed by

the questionnaire, asking: ‘Has your mother or grand-

mother experienced pelvic floor disorders?’ (‘yes’, ‘do not

know’, ‘no’).

Physical activity
Present and past physical activity was assessed by a

semi-structured interview, and included the type of activity,

frequency, duration and intensity.32 Exercise volume was

estimated by multiplying the exercise duration by the

frequency (hours/week). Current exercise was classified as

being of either high or low intensity. High-intensive exer-

cise was defined as physical activity resulting in sweating or

being out of breath.

Obstetric factors
A semi-structured interview addressed the recall of obstet-

ric factors. Birth weight and the number and types of birth

were registered.

Markers of connective tissue weakness
Varicose veins and a tendency to bruise easily were assessed

by questionnaire. The presence of striae was observed dur-

ing clinical examination and diastasis recti abdominis was

diagnosed by palpation (finger width measurements).33

Beighton’s scoring system was used to assess joint mobility,

and hypermobility was defined as four or more positive

tests out of a total of nine.34 The nine tests are recom-

mended by the British Society of Rheumatology and have

been tested for reliability.35 The tests include passive exten-

sion of each fifth finger past 90�, passive apposition of each

thumb to the forearm, hyperextension of each elbow past

190�, hyperextension of each knee past 10� and trunk flex-

ion to allow the palms to lie flat on the floor.

PFM function
The ability to perform a PFM contraction was assessed by

visual observation and vaginal palpation,36 and was con-

firmed by ultrasound. PFM function was measured by a

vaginal balloon catheter (balloon size, 6.7 · 1.7 cm) con-

nected to a high-precision pressure transducer (Camtech

AS, Sandvika, Norway).37 The pressure transducer had con-

ventional, current electronic sensor technology. The pres-

sure values and pressure curves were presented on a

personal computer screen. The middle of the balloon was

placed 3.5 cm proximal to the vaginal introitus38 in the vag-

inal high-pressure zone.39 Muscle strength was calculated as

the mean of three maximal voluntary contractions (Fig-

ure 1). The method has been found to be reliable and valid

if used with the simultaneous observation of the inward

movement of the catheter/perineum during PFM contrac-

tion.37,38 Vaginal resting pressure was measured as the dif-

ference between atmospheric pressure and the vaginal high-

pressure zone at rest, without any voluntary PFM activity.

PFM endurance was defined as a sustained maximal con-

traction,40 and was quantified during the first 10 seconds as

the area under the curve (cmH2O seconds) (Figure 1).

Procedure
All participants first completed the questionnaire, followed

by a semi-structured interview and clinical examination

performed by the same pelvic floor physiotherapist (IHB).

At the time of the examination, the physiotherapist did not

know whether the women would be classified in the POP

Figure 1. Vaginal squeeze pressure measurements for one woman showing vaginal resting pressure, pelvic floor muscle strength measured as

maximal voluntary contractions (MVCs) and pelvic floor muscle (PFM) endurance.

Brækken et al.
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or control group. The final classification of the women was

based on the POP-Q values. All POP-Q and ultrasound

measurements were performed by one gynaecologist (MM)

at the university hospital. The gynaecologist was blind to

the clinical and background data of the participants.

Statistics
The categorisation of joint mobility and BMI was made

a priori. The strength of the PFM was termed weak, medium

or strong, the PFM endurance was termed poor, medium

or good, and the vaginal resting pressure was termed low,

medium or high, based on a division of the values into ter-

tiles (Table 1). The results are given as frequencies for cate-

gorical data and means with SD for continuous data.

Differences between cases and controls were analysed by

Wilcoxon rank paired test for continuous variables. McNe-

mar’s test was used for paired categorical data. A special

Cox regression model was used to fit a conditional logistic

regression procedure for one-to-one, matched, case–control

studies. The results are given as odds ratios with 95%

Table 1. Odds ratios of factors associated with pelvic organ prolapse using conditional multiple regressions

n Adjusted OR

(95% CI)

P value

BMI (kg/m2)*

£25 59 Reference

>25 39 5.0 (1.1–23.0) 0.038

Socioeconomic status**

High 44 Reference

Moderate and low 54 10.5 (2.2–50.1) 0.003

Heavy occupational work

Moderate and light 82 Reference

Heavy 16 9.6 (1.3–70.3) 0.026

Family history of pelvic floor disorders 0.475***

No 18 Reference

Do not know 40 1.9 (0.5–7.6) 0.237

Yes 40 2.2 (0.6–8.1) 0.350

Current high-intensity exercise (hours/week)

OR per SD(2.5) decrease 98 1.64 (0.85–3.18) 0.139

Former exercise (hours/week)

OR per SD(5.8) decrease 98 1.41 (0.86–2.3) 0.177

Anal sphincter laceration

No 84 Reference

Yes 14 4.5 (1.0–20.0) 0.050

PFM strength (cmH2O) 0.013***

Strong (>40) 33 Reference

Medium (20–40) 33 3.5 (0.8–15.6) 0.096

Weak (<20) 32 7.5 (1.5–36.4) 0.013

OR per SD (22.5) decrease 98 1.07 (1.01–1.13) 0.028

PFM endurance (cmH2O seconds) 0.006***

Good (>300) 32 Reference

Medium (130–300) 35 2.8 (0.7–12.1) 0.167

Poor (<130) 31 11.5 (2.0–66.9) 0.006

OR per SD(193) decrease 98 2.27 (1.19–4.33) 0.013

Vaginal resting pressure (cmH2O) 0.025***

High (>30) 35 Reference

Medium (13–30) 30 5.1 (1.1–23.1) 0.036

Low (<13) 33 4.2 (1.1–15.8) 0.034

OR per SD (28.8) decrease 98 1.22 (1.00–1.51) 0.054

Odds ratios are adjusted for body mass index (BMI) and socioeconomic status unless otherwise stated.

OR, odds ratio; PFM, pelvic floor muscle.

*BMI is adjusted for socioeconomic status and heavy work.

**Socioeconomic status is adjusted for BMI and heavy work.

***Tests of trend.

Factors associated with pelvic organ prolapse
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CIs.41 If the univariate association between POP and a risk

factor was significant, it was included in a conditional mul-

tiple logistic regression model adjusting for BMI and socio-

economic status. All odds ratios presented were adjusted

for BMI and socioeconomic status, unless stated otherwise.

They are known to be associated with a risk of POP from

other studies.14–16,18–20,42 We did not adjust for possible

markers of connective tissue weakness or symptoms/pain as

they may not be considered to play a primary role as risk

factors. In addition, because of the design of the study, all

analyses were adjusted for age and parity. To test for inter-

action, a regression model between POP as dependent vari-

able and PFM strength (0,1), PFM endurance (0,1) and the

product between the two (strength and endurance) was fitted

to the data. A test of significance of the product term was

used as a test of interaction. PFM strength and vaginal rest-

ing were also tested for interaction. Statistical analyses were

performed on SPSS version 15 (SPSS Norway, Oslo, Nor-

way). P values of <0.05 were considered to be significant.

Results

Participants were recruited from May 2006 to September

2008 and enrolled into the present study and/or another

trial that was conducted at the same time (randomised

controlled trial on women with POP). Of 142 possible par-

ticipants, 49 pairs of women were consecutively matched

according to age (±2.5 years) and parity. The mean age of

the 98 participants was 47.1 years (SD 10.57 years) and the

mean BMI was 24.9 kg/m2 (SD 3.8 kg/m2). Both the

women with POP and those in the control group had a

median parity of two (range 1–5), and there was no signifi-

cant difference in age between the groups (47.3 years, SD

11.2 years versus 47.0 years, SD 10.6 years). None of the

women had undergone caesarean sections only. Thirty-six

participants (36.7%) were postmenopausal. Six of the

women with POP and three of the controls were on hor-

mone replacement therapy (P = 0.45). Four women in the

POP group and two in the control group had undergone a

hysterectomy for reasons other than POP. All women,

except for two of Asian origin in the POP group, were

European. To exclude the possibility that the two women

of Asian origin were different and skewed the results, they

were removed from the analysis, but the results were essen-

tially unchanged (data not shown). The results presented

below include the whole cohort.

In the control group, two women were classified as stage

0 and 47 as stage I on POP-Q. Thirty-one (63%) women

in the POP group had stage II, 17 (35%) stage III and one

(2%) stage IV on POP-Q. Seventeen (35%) of the women

in the POP group had prolapse in one vaginal compart-

ment, whereas 25 (51%) had prolapse in two and seven

(14%) had POP in all three compartments.

Significantly more women with POP than controls

reported mechanical symptoms (vaginal bulging, pelvic

heaviness) (36 versus 9, P < 0.01), defecation difficulties

(17 versus 7, P = 0.02), incontinence of flatus (13 versus 4,

P = 0.02) and faecal incontinence (13 versus 4, P = 0.03).

No significant difference was found in reports of stress and

urge urinary incontinence. Significantly more women with

POP than controls reported low back pain (35 versus 23,

P < 0.01), low abdominal pain (25 versus 15, P = 0.03)

and pelvic floor pain (25 versus 12, P = 0.02) during the

last 6 months.

In the univariate analysis, there were no statistically signif-

icant differences between the groups with regard to postmen-

opausal status, current smoking, current low-intensity

exercise, type of birth (caesarean, forceps, vacuum), birth

weight, presence of striae, diastasis recti abdominis and joint

hypermobility (Table 2). Significant differences were found

for BMI, socioeconomic status, heavy occupational work,

family history of pelvic floor disorders, current participation

in exercise with high intensity, former exercise, anal sphinc-

ter lacerations, varicose veins, bruising, PFM strength, PFM

endurance and vaginal resting pressure (Table 2). The num-

ber of women having strong PFM, good PFM endurance and

high vaginal resting pressure was significantly lower in the

POP group than in controls (9 versus 24, P = 0.001, 9 versus

23, P < 0.001 and 10 versus 25, P = 0.048, respectively).

The results of the multivariate regression analysis are

presented in Table 1. The associations between POP and a

family history of pelvic floor disorders, current high-inten-

sity exercise participation, former exercise and vaginal rest-

ing pressure were lost after adjustments for BMI and

socioeconomic status. Combining current high-intensity

activities and former exercise resulted in an odds ratio of

5.4 (95% CI 1.4–20.9, P = 0.02) for women who had never

been active compared with women who had always been

exercisers (test of trend P = 0.06). Heavy occupational

work, anal sphincter lacerations, PFM strength and PFM

endurance were significantly associated with POP after

adjusting for BMI and socioeconomic status. In addition,

BMI and socioeconomic status were independently associ-

ated with POP, when adjusted for heavy work (Table 1).

Significant interactions were found between PFM

strength and vaginal resting pressure (P = 0.02), but not

between PFM strength and endurance. The combination of

a weak PFM and a low vaginal resting pressure gave a

much higher odds ratio than a strong PFM and high vagi-

nal resting pressure, strong PFM and low vaginal resting

pressure or weak PFM and high vaginal resting pressure.

Discussion

In this age- and parity-matched case–control study, women

with POP were more likely than controls to experience

Brækken et al.
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mechanical and bowel symptoms, but not bladder symp-

toms. The occurrence of low back pain, low abdominal

pain and pelvic floor pain was higher in the POP group

than in the control group. The presence of varicose veins

was the only factor independently related to POP of the

five possible markers of connective tissue weakness (vari-

cose veins, bruising, stria, diastasis recti abdominis and

joint hypermobility). BMI, socioeconomic status, heavy

occupational work, anal sphincter lacerations and poor

PFM function were independently associated with POP.

The strengths of the present study are that PFM function

was measured with a method found to have good reliability

and validity,37,38 and that validated questionnaires and clin-

ical assessment tools were used. We also followed the rec-

ommendation of Bland and Altman27 to use a matched

pair design with small samples. Possible limitations are the

relatively small sample size, women in the POP group had

a relatively mild degree of POP (63% with grade II), a risk

of overestimation of self-reported height, a risk of recall

bias in the assessment of obstetric history, family history of

pelvic floor dysfunction and past physical activity, and the

measurement of vaginal squeeze pressure had not been

validated in women with POP. Considering the latter point,

the presence of POP has seldom been assessed in former

methodological studies and in randomised controlled trials

evaluating the effect of PFM training on stress urinary

incontinence.43 As a result of the high prevalence of POP,

it is likely that many of the participants in previously pub-

lished studies had POP in addition to stress urinary incon-

tinence. In severe cases of POP, the prolapsed tissue may

fill up the levator hiatus and may theoretically influence

the measurements of PFM function. Further studies are

needed to compare the measurements of PFM function in

women with and without POP. Recent studies have sug-

gested that dynamometers are a better method for the mea-

surement of PFM strength as they measure force directly.44

However, these devices are not yet commercially available.

It has been demonstrated that pelvic floor-related symp-

toms may not predict the stage or anatomic location of

POP.30,45 However, mechanical symptoms, such as vaginal

bulging/pelvic heaviness, seem to be specific symptoms for

POP.46 Hence, bladder and bowel symptoms may coexist

with POP without a known cause–effect relationship.47 As

expected, the present study found a higher occurrence of

Table 2. Characteristics of 49 women with pelvic organ prolapse (POP) stage II or above (cases) and 49 controls

Women with POP Controls P value

Postmenopausal 20 (55.6) 16 (32.7) 0.180

Body mass index £25 kg/m2 24 (49.0) 35 (71.4) 0.049

High socioeconomic status 12 (24.5) 32 (65.3) 0.000

Current smoking 9 (18.4) 5 (10.2) 0.549

Heavy occupational work 13 (26.5) 3 (6.1) 0.044

Family history of pelvic floor disorders 24 (49.0) 16 (32.7) 0.023

Physical activity

Exercise with high intensity (hours/week) 1.2 ± 2.1 2.6 ± 2.7 0.010

Exercise with low intensity (hours/week) 2.3 ± 3.0 2.2 ± 3.1 0.688

Former exercise (hours/week) 2.4 ± 3.5 5.3 ± 7.2 0.020

Recall of obstetric factors

One or more caesarean sections 6 (12.2) 9 (18.4) 0.317

Forceps 6 (12.2) 4 (8.2) 0.405

Vacuum 7 (14.3) 7 (14.3) 1.000

Anal sphincter laceration(s) 11 (22.4) 3 (6.1) 0.048

Highest birth weight (g) 3741 ± 491 3713 ± 474 0.959

Possible markers of connective tissue weakness

Presence of varicose veins 20 (40.8) 7 (14.3) 0.005

Bruising 23(46.9) 10 (20.4) 0.001

Observed striae 23 (46.9) 32 (65.3) 0.064

Palpated diastasis recti abdominis 38 (77.6) 38 (80.9) 1.000

Hypermobility (‡4 of Beighton’s 9 tests) 17 (34.7) 21 (42.9) 0.678

Pelvic floor muscle function

PFM strength (cmH2O) 26.6 ± 19.5 42.7 ± 22.6 0.001

PFM endurance (cmH2O seconds) 178 ± 151 333 ± 146 0.000

Vaginal resting pressure (cmH2O) 26.7 ± 7.1 30.9 ± 8.5 0.048

Results are presented as means with SD and as numbers with percentages (%).

PFM, pelvic floor muscle.

Factors associated with pelvic organ prolapse
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mechanical and bowel symptoms amongst women with POP

than in controls, but, interestingly, bladder symptoms were

present equally in both groups. This suggests that the patho-

physiology of bladder dysfunction and POP may not be the

same. As expected, we found a higher occurrence of low back

pain, pelvic floor pain and low abdominal pain amongst

women with POP. This is in agreement with the observations

of other research groups, who showed more complaints of

low back pain amongst women with POP than in controls.9

The mechanical stability of the genitourinary tract

depends on the quality of collagen fibres in the ligaments

and faciae, and there is some evidence suggesting that

changes in the connective tissue in the pelvic structures are

associated with POP.48,49 It has been hypothesised that joint

mobility,11 varicose veins,35 striae,35 diastasis recti abdo-

minis12 and bruising50 are markers of systemic alterations in

connective tissue. These factors have not been the focus of

previous POP research, but may be future meaningful clini-

cal markers to predict women with an increased risk of

POP. The present study showed differences amongst women

with POP and controls with regard to bruising and varicose

veins, the latter being strongly associated with POP. Associ-

ations between joint hypermobility and POP9–11 have been

reported previously, with a prevalence of up to 66% versus

43% for Iraqi women with and without POP.9 Surprisingly,

the present study did not support these results. The discrep-

ancy in results may be caused by ethnicity. However, the

prevalence of hypermobility amongst women without POP

was similar in both studies. Women with POP-Q stages III

and IV have been shown to demonstrate a higher prevalence

of joint hypermobility than have women with stages I and

II.10 The majority of women with POP in the present study

had POP grade II. Hence, our results may not be generalisa-

ble to women with more severe POP. However, our findings

are in agreement with a study showing no significant rela-

tionship between joint hypermobility and POP in women

with Ehlers–Danlos syndrome.51

The present study showed successful matching with

regard to age and parity, and all other proposed risk factors

were adjusted for these two variables. The present study

failed to demonstrate any independent associations between

POP and postmenopausal status, current smoking, family

history of pelvic floor disorders and most of the obstetric

factors. As a result of the wide confidence intervals and the

fact that the study was powered to assess joint mobility, this

lack of association may be caused by the small sample size,

and further studies are warranted. A similar study design

with a larger sample size could be used in the future to

investigate associations between types of delivery (caesarean,

forceps, vacuum), birth weight and short or prolonged sec-

ond stage of labour. In the present study, recall of anal

sphincter lacerations was the only obstetric factor associated

with POP, with more than a four-fold elevated odds ratio.

The present study is in agreement with the observations of

other research groups, who showed that a high BMI14–16,18

and a low socioeconomic status18,19,42 were associated with

prolapse, but contradict the findings of Mant et al.14 with

regard to educational level and Samuelsson et al.17 and

Rinne and Kirkinen12 who found no association between

BMI and POP.

Our results support other studies that have found an

association between heavy work and POP.21,22 Based on

this association, it could be hypothesised that vigorous

physical activity may also be a risk factor. However,

although two studies reported no association between cur-

rent exercise or the self-report of past strenuous exercise

and POP,16,19 details of relevant data, such as the type of

activity, frequency, duration and intensity, were not

described. The present study revealed that women with

POP had participated less in exercise when they were youn-

ger when compared with controls, suggesting that being a

former exerciser is not associated with POP. The lower

occurrence of current high-intensity exercisers among

women with POP compared with controls may be

explained by a possible withdrawal from physical activity

because of symptoms. However, a higher occurrence of

high-intensity exercisers among women without POP in

the present study indicates that vigorous activity alone is

not sufficient to predispose women to POP. The results of

the present study suggest that heavy occupational work

may be a risk factor, but they do not support the thesis

that either former or current vigorous physical activity is a

risk factor for POP.

The PFM is considered to be an important part of the

pelvic organ support system.5 Vaginal resting pressure may

be an important marker of ‘muscular closing’ of the levator

hiatus.26,52 Reduced PFM strength in women with POP has

been demonstrated,17,26 and the severity of POP seems to

increase with increasing PFM dysfunction.5,25,52 The pres-

ent study found that approximately 30% fewer women had

strong PFM, good PFM endurance and high vaginal resting

pressure in the POP group compared with the control

group. However, the fact that about 20% of women with

POP had good PFM function suggests that the POP pro-

cess must also include factors other than PFM injury or

weakness.6 Our findings contradict the results of Nygaard

et al.,19 who did not find a reduced PFM strength in

women with POP. The discrepancy in the results may be

caused by a different assessment methodology, and vaginal

palpation may have a lower responsiveness, validity and

reliability than vaginal squeeze pressure measurements.53

Longitudinal studies are needed to determine whether,

and to what extent, mild forms of POP progress. The pres-

ent study showed that PFM function, BMI, socioeconomic

status, heavy occupational work and anal sphincter lacera-

tion were the most prominent factors. From the perspective

Brækken et al.
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of prevention and treatment, BMI and PFM function are

two of the few modifiable factors that can be altered by a

woman herself. Women with poor PFM function were

4–11 times more likely to experience POP compared with

women with good PFM function. This supports the

hypothesis that PFM training may be an important element

in the prevention and treatment of POP. To date, there

have been few randomised controlled trials on the effect of

PFM training in the prevention and reversal of POP, and

further high-quality trials are warranted.54

Conclusion

Pelvic floor muscle function, BMI, socioeconomic status,

anal sphincter laceration and heavy occupational work were

independently associated with POP. PFM function is an

important clinical associate of POP and future studies

should include this factor.
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