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Abstract
Introduction and hypothesis The objective was to assess the
prevalence and risk factors for co-occurring pelvic floor dis-
orders (PFDs): urinary incontinence (UI), symptomatic pelvic
organ prolapse (sPOP), and fecal incontinence (FI), 20 years
after one vaginal (VD) or one cesarean (CS) delivery.
Methods We carried out a registry-based national cohort study
of primiparae who delivered during the period 1985–1988 and
had no further deliveries. Medical Birth Registry data were
linked to data from postal questionnaires distributed 20 years
post-partum (response rate 65.2 %, n=5,236). Main outcome
measures were prevalence and risk factors for combined and
isolated PFDs.
Results The prevalence of any PFD was 46.5; 31.7 % had one
symptom and 14.8 % had two or more. Co-occurring symp-
toms doubled after VD (17.1 %) compared with CS (8.4 %)
(adjOR 2.26; 95 % CI 1.84–2.79). The strongest association
was observed between VD and having all three symptoms
(adjOR 5.20; 95 % CI 2.73–9.91), followed by the combina-
tion of sPOP and UI (adjOR 3.38; 95 % CI 2.24–5.10). The
degree of frustration perceived by the women because of pel-
vic floor dysfunction increased with each additional co-

occurring PFD (p<0.001). The strongest risk factors for clus-
tering of PFDs were: VD (OR 2.19; 95 % CI 1.75–2.73),
family history (OR 2.03; 95 % CI 1.73–2.34), and ≥2 degree
tear (OR 1.78; 95 % CI 1.24–2.55). Vacuum extraction and
episiotomy were not risk factors.
Conclusions The prevalence of co-occurring PFDs was high
and was doubled in women after VD compared with CS.
Women with UI most likely had it as an isolated symptom,
whereas FI and sPOP more often occurred in combination.
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Introduction

Pelvic floor disorders (PFDs) such as urinary incontinence
(UI), pelvic organ prolapse (POP), and fecal incontinence
(FI) constitute a huge health problem, globally affecting hun-
dreds of millions of women [1]. Each year millions of women
throughout the world undergo corrective surgery at consider-
able expense and personal suffering for all three conditions
[1].

There are at present a large number of reports on single
PFDs in women [1], but only limited information is available
about co-occurring PFDs. A few studies have presented data
on Bdouble incontinence^ (DI=concomitant urinary [UI] and
fecal [FI] incontinence) [2, 3] and more recently on combina-
tions of several PFDs [4, 5].

Numerous risk factors for the development of UI, POP, and
FI have been identified and several of these risk factors are
shared by one or more types of PFD [1]. Vaginal delivery has
been implicated as an important risk factor for all three types
of PFD [1]. However, confining the evaluation to single
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symptoms of PFD produces several problems. Simultaneously
occurring symptoms may exaggerate the subjective impact of
the reported disorder and at the same time conceal the effect of
co-occurring conditions. A higher prevalence of co-occurring
symptoms after vaginal delivery (VD) compared with cesare-
an section (CS) may also be a possible indication of more
extensive and/or more severe pelvic floor damage. Hence,
clustering of PFDs could potentially be used to evaluate the
long-term effects of obstetric risk factors and interventions.

The aim of this study was to investigate the late prevalence,
risk factors, and subjective impact of combinations of the
three most common PFDs in women 20 years after one VD
or one CS.

Materials and methods

Participants in the SWEPOP (Swedish Pregnancy, Obesity
and Pelvic floor) study were obtained from the Medical
Birth Registry of the National Board of Health and Welfare,
Sweden. Inclusion criteria for participation were primiparity
with one single birth 1985–1988 and no further births.
Exclusion criteria were multiparity and multifetal or on-
going pregnancy. Obstetric data were combined with informa-
tion from a 2008 postal questionnaire, 20 years after the birth.
A description of the study population based on a flow chart
and cohort characteristics, including an analysis of the non-
responders, has been described in detail previously [6].

The questionnaire included 31 questions about current
height and weight, urinary or bowel incontinence and genital
prolapse, menstrual status, hysterectomy, the menopause and
hormone treatment and has been described previously [6]
(Appendix 1). UI was defined according to the International
Continence Society [7]. Symptomatic pelvic organ prolapse
(sPOP) was diagnosed according to a validated five-item
questionnaire [8] and was defined by the key symptom ‘feel-
ing of a vaginal bulge’ (often/sometimes/infrequently). FI was
defined as the involuntary loss of feces, solid or liquid. Double
incontinence (DI) was defined as the combination UI and FI.
An isolated symptom was defined as one single symptom of
UI, sPOP, or FI. Combined or co-occurring symptoms were
present if two or three of these were affirmed.

The feeling of frustration in relation to each PFD was
assessed by the Incontinence Impact Questionnaire—Short
form (IIQ-7): BHas (the symptom) affected you?—Do you feel
frustrated because of the (symptom)?^. Responses were on a
four-step ordered category scale from Bnot at all^ to Bgreatly^
(1–4p) for each symptom. Family history for each PFD was
assessed by the question: BHas your mother been troubled by
(the symptom)?^

Statistical analysis was performed using SAS 9.1 (SAS
Institute, Cary, NC, USA). Prevalence and 95 % confidence
intervals (CI) were calculated. Chi-squared test was used to

compare categorical variables and Student’st test to compare
continuous variables. Logistic regression analysis was used to
demonstrate independent risk factors for combined PFDs,
while controlling for some obstetric and non-obstetric poten-
tial risk factors and confounders. Potential risk factors were
mode of delivery, maternal age at delivery, current BMI, infant
birth weight, episiotomy, vacuum extraction (VE) and ≥2nd
degree perineal tear. Adjusted prevalence was calculated using
analysis of variance, taking the variables maternal age, infant
birth weight, and current BMI into account. Odds ratio (OR)
and its 95 % CI were calculated from the logistic regression
model. A p value of <0.05 was considered statistically signif-
icant. Subgroup analysis of the VD cohort was performed to
address disproportion, which in this context was defined as a
mother of short stature (≤160 cm) and a child ≥4,000 g. The
number needed to avoid combined symptoms was calculated
as the inverse of the absolute risk reduction, where risk reduc-
tionwas the difference between the adjusted prevalence of VD
compared with CS.

Ethical approval for the SWEPOP study was obtained from
the regional (reference no. 381–07, 13 August 2007) and
National (34–9148/2007, 26 October 2007) ethical review
boards. All women received written information and gave
written consent before participation in the study.

Results

The questionnaire was returned by 65.2 % of the available
women. The basic characteristics of the women included have
been described in detail previously [6]. The prevalence of any
PFD in the total cohort was 46.5 %. Figure 1 includes a Venn
diagram illustrating the overlapping prevalence of UI, sPOP,
and FI. The overall prevalence of isolated symptoms of UI,
sPOP, and FI was 31.8 % and the prevalence of those with co-
occurring symptoms was 14.8 %. Approximately one third of
the women with a PFD had co-occurring symptoms. The most
common combination was UI+FI in 41.7%, followed by UI+
sPOP in 33.4 %. The overall prevalence of DI was 9.1 %
(Fig. 1). All three PFDs (UI+sPOP+FI) occurred in 2.9 %.
Women with UI were most likely to have it as an isolated
symptom (Fig. 1).

In comparison with CS, VD had a stronger association with
both isolated (OR 1.26; 95 % CI 1.10–1.45) and co-occurring
symptoms (OR 2.26; 95 % CI 1.84–2.79; Table 1). The stron-
gest association was between VD and the combination of
sPOP+UI (OR 2.68; 95 % CI 1.86–3.87) and the triple com-
bination sPOP+UI+FI (OR 5.20; 95 % CI 2.73–9.91;
Table 1). Of 148 women with the triple combination 90.5 %
(134 out of 148; 95 % CI 84.8–94.3) had a VD. Figure 2
illustrates a Venn diagram of the overlapping prevalence of
UI, sPOP, and FI in para 1 women 20 years after one VD or
one CS. Based on these results the number needed to treat
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(NNT) by CS to avoid one case with isolated symptoms was
20 and 11–12 to avoid one case with co-occurring symptoms
(Table 1).

The logistic regression analysis of risk factors for the com-
bined symptoms of PFDs showed that VD, current BMI, ma-
ternal age, ≥2-degree tears, and family history were risk fac-
tors (Table 2). In the total cohort the odds risk for combined
PFDs increased by 2 % yearly for maternal age (OR 1.02;
95 % CI 1.01–1.04) and by 6 % for each unit increase in
current BMI (OR 1.06; 95 % CI 1.05–1.08). Episiotomy and
vacuum extraction were not risk factors (Table 2).

The degree of frustration experienced by the women as a
result of pelvic floor dysfunction increased with each addi-
tional co-occurring PFD (p<0.001; Table 3). UI daily or
weekly was more common in women with UI combined with
another PFD than with UI alone (OR 1.42; 95 % CI 1.17–
1.71). UI in combination with other PFDs was associated with
an increased risk of bothersome UI (OR 2.21; 95 % CI 1.74–
2.82) compared with women with UI alone.

The prevalence of co-occurring PFDs was 28.1 % in wom-
en with a VDwho had disproportion (i.e. height ≤160 cmwith
an infant birth weight ≥4,000 g) compared with 15.8 % in
women ≤160 cm with an infant with a birth weight <4,000 g
(OR 2.07; 95 % CI 1.18–3.64) and 7.9 % in short mothers

after CS, irrespective of infant birth weight (OR 4.54; 95% CI
2.42–8.49; Table 4). The NNT by CS to avoid one case with
two or more PFDs in women with disproportion was 5.

Discussion

Overall, 47 % of the women in this study had one or more
PFD 20 years after one birth. Approximately one third with
any PFD symptom had two or more PFDs, and the prevalence
of co-occurring PFDs was doubled after VD compared with
CS, affecting every sixth woman. The degree of frustration
experienced due to PFD increased with each additional co-
occurring PFD. Women with UI most likely had it as an iso-
lated symptom whereas FI and sPOP occurred more often in
combination. However, UI co-occurring with other PFDs was
more bothersome and frequent. The strongest risk factors for
the clustering of PFDs were: VD, family history, and ≥2-de-
gree tears.

According to the present study and earlier reports, the prev-
alence of co-occurring PFDs is high and increases with age [9,
10], parity, and BMI [4, 9, 10]. In a cross-sectional population
study by Nygaard et al. [10] 27% of women in the age stratum
40–59 years had one or more PFDs. The prevalence of one or
more PFDs was 34 % in a study by Rortveit et al. on 2,106
women who were 40–69 years and members of a Medical
Health Program [5]. In the present study, which included para
1 women with a mean age of 51 years, the prevalence of one
or more PFD was substantially higher (47 %), which to some
extent can be explained by the inclusion of nulliparous women
and a more restrictive definition of UI in the above-cited
studies.

The present study has identified VD, current BMI, mater-
nal age, ≥2-degree tear, and family history as independent risk
factors for co-occurring PFDs. Wu et al. [9] studied the prev-
alence of PFDs in women in the USA. The prevalence of one
or more PFDs was higher after VD (30.4 %) than after CS
(18.4 %) and that reported in non-pregnant women (11.5 %).
After adjusting for confounders, higher BMI, greater parity,
and hysterectomy were associated with higher odds of one or
more pelvic floor disorders. However, mode of delivery was
non-significant in their multivariate analysis [9].

In the study by Rortveit et al. 82 % of women with any UI
experienced it as an isolated symptom [5]. The proportion in
our study was 63%. The higher proportion with isolated UI in
the study of Rortveit et al. may be explained by the fact that
18 % of the women in their study were nulliparous and were
probably also a somewhat healthier being based on a Medical
Health Program. In the same study, 60 % with any FI experi-
enced it in combination with at least one additional PFD and
49 % with sPOP experienced it in combination with at least
one additional PFD. In the current study the corresponding
combinations were 73 % for FI and 68 % for sPOP. DI

Fig. 1 Venn diagram illustrating the overlapping prevalence of urinary
incontinence (UI), symptomatic pelvic organ prolapse (sPOP), and fecal
incontinence (FI) in para 1 women 20 years after childbirth
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occurred in 10 %, of the women who were aged 45–55 years
in the study reported by Slieker-ten Hove et al. [2] compared
with 9 % in our study, which was considerably higher than
that reported by Rortveit et al. (3.0 %) [5].

Several studies have focused on DI [2, 3, 11, 12], presum-
ably because it is the most severe and debilitating manifesta-
tion of PFD [2]. DI afflicted approximately one in ten in both
our study and the Slieker-ten Hove study. In our study, one
third of women with DI also had sPOP, which was part of the
triple combination UI+FI+sPOP. Interestingly, DI without
sPOP (i.e. UI+FI only) was not significantly associated with
VD, in contrast to the co-occurrence of DI with sPOP, where
the effect of VD was marked. There was also a stronger asso-
ciation between VD and isolated UI than that between VD and

DI, which has been described by others [13]. UI was more
often an isolated symptom compared with sPOP and FI. This
may indicate that there is a difference in pathogenesis between
the different PFDs and the occurrence of DI with sPOP and DI
without sPOP.

Earlier results from the SWEPOP study described the im-
portance of disproportion for the development of PFD [14].
The prevalence of co-occurring PFDs was almost doubled in
women with a VD who had disproportion compared with
women ≤160 cm tall with an infant birth weight <4,000 g
and was almost four times higher than in women who had
undergone a CS, irrespective of infant birth weight. It has been
postulated that women with disproportion are subjected to
greater pelvic floor trauma during VD [15].

Table 1 Crude and adjusted (Adj) prevalence and odds ratio of isolated and combinations of pelvic floor disorders (PFDS) in relation to mode of
delivery

VD N=3,740,
n (%)

CS N=1,387,
n (%)

Crude OR (95%CI) VD
(N=3,740) %

CS
(N=1,387) %

AdjOR (95%CI)

1 PFD only

sPOP only (n=212) 171 (4.6) 41 (3.0) 1.57 (1.11–2.22) 4.4 3.2 1.42 (1.01–1.99)

UI only (n=1,226) 932 (24.9) 294 (21.2) 1.23 (1.06–1.43) 25.2 20.5 1.31 (1.13–1.52)

FI only (n=190) 124 (3.3) 66 (4.8) 0.69 (0.51–0.93) 3.5 4.5 0.77 (0.57–1.05)

Women with 1 PFD only (either UI,
sPOP or FI; n=1,628)

1,227 (32.8) 401 (28.9) 1.20 (1.05–1.37) 33.1 28.1 1.26 (1.10–1.45)

≥2 PFDs

sPOP+UI only (n=250) 225 (6.0) 25 (1.8) 2.80 (1.92–4.06) 6.0 1.9 2.68 (1.86–3.87)

sPOP+FI only (n=43) 36 (1.0) 7 (0.6) 1.92 (0.85–4.32) 1.0 0.5 1.97 (0.88–4.43)

UI+FI onlya (n=316) 237 (4.3) 79 (5.7) 1.12 (0.86–1.46) 6.52 5.2 1.27 (0.97–1.67)

Any combination of≥2 PFDs (n=757) 632 (16.9) 125 (9.0) 2.05 (1.68–2.51) 17.1 8.4 2.26 (1.84–2.79)

sPOP+UI+FIa (n=148) 134 (3.6) 14 (1.0) 3.64 (2.09–6.34) 3.6 0.7 5.20 (2.73–9.91)

DIa (n=464) 371 (9.9) 93 (6.7) 1.53 (1.21–1.94) 10.2 6.0 1.78 (1.39–2.27)

Adjusted for current BMI, infant birth weight, and maternal age

UI urinary incontinence, sPOP symptomatic pelvic organ prolapse, FI fecal incontinence, DI double incontinence (UI and FI), VD vaginal delivery, CS
cesarean section
a In this cohort 316 women had UI+FI only and 148 women had UI and FI in combination with sPOP. DI was reported by 464 women

Fig. 2 Venn diagram illustrating
the overlapping prevalence of
urinary incontinence (UI),
symptomatic pelvic organ
prolapse (sPOP), and fecal
incontinence (FI) in para 1
women 20 years after one vaginal
delivery or one cesarean section
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It has been reported that the major component of PFD may
be attributed to VD-related injuries [16]. Trauma to the levator
ani muscle due to avulsions, over-distension, reduced muscle
strength, and increased hiatal area are all interrelated [17] and
have been shown to be strongly and primarily associated with
POP [18]. This is in accordance with the finding of the present
study, that isolated sPOP was more strongly associated with
VD in comparison with UI and FI and that the three outcomes
with the strongest association with VD all included sPOP.

The evidence for shared risk factors between sPOP and UI
(partly biological and partly environmental) is also supported
by findings from family history studies [19, 20]. Family his-
tory is of particular interest, because it may be closely linked
to the overall precondition for the development of all PFDs.
The structure of the female pelvis and pelvic floor is a com-
promise between the requirements for the controlled evacua-
tion of urine and feces and the ability to allow the passage of a
fetus through the pelvic hiatus at delivery. The fact that PFDs
are more common among nulliparous women or women who
have undergone a CS [1, 6, 14, 21] as opposed to men of the
same age, indicates that the female pelvic floor already from
the outset is inherently weaker because of its wider pelvis, the
width of its hiatus, and the arrangement, size, and strengths of
the pelvic floor muscles, especially around the three outlets.

These observations are supported by family studies that dem-
onstrate an earlier onset and a more severe form of POP and
UI in subjects with genetic predisposition [20, 22]. A possible
genetic predisposition may also partly explain the occurrence
of PFDs in nulliparous women and in those who have under-
gone CS delivery.

The main strengths of this study are the high response rate,
the large study population recruited according to strict inclu-
sion criteria from a national cohort of singleton primiparae and
the long-follow-up time. There are also advantages of study-
ing singleton parae 1, as the first delivery is considered to exert
the greatest risk increase for PFDs [1, 23]. The inclusion of
women regardless of maternal health status, and maternal and
fetal complications, is considered a strength, as it allows for a
greater generalization of results and therefore gives a better
basis for consultation about mode of delivery. Some limita-
tions of this study must, however, be considered. First, analy-
ses of the non-responder group suggest a small selection bias
on our results; however, acting in both directions (more youn-
ger women in the non-responders leading to overestimation of
results; more overweight/obesity and heavier babies in non-
responders leading to underestimation). Second, predisposi-
tion to participate in studies has been shown to be higher in
symptomatic women, whereby the prevalence of PFDs might
be overestimated [24]. Third, symptoms of PFD were self-
reported. However, several studies have shown that self-
reporting is consistent [25] and valid when symptoms exist
at the time of the report [26, 27]. This study lacks information
on whether PFDs were present before or during pregnancy, or
started after delivery. The occurrence of PFDs in primiparous

Table 2 Logistic
regression analysis of
risk factors for co-
occurring (≥2) pelvic
floor symptoms

VD vaginal delivery, CS
cesarean section, OR
odds ratio

Total cohort
(N=5,093)
OR (95 % CI)

VD vs CS 2.19 (1.75–2.73)

BMI current 1.06 (1.05–1.08)

Birth weight 1.01 (0.99–1.02)

Maternal age 1.02 (1.01–1.04)

Tear ≥2 degree 1.78 (1.24–2.55)

Vacuum extraction 1.03 (0.83–1.29)

Episiotomy 0.92 (0.71–1.20)

Family history 2.03 (1.73–2.34)

Table 3 Degree of frustration (as measured by IIQ-7) due to pelvic
floor dysfunction in women with one, two or three PFDs in the total
cohort

Number of PFDs Number of women
with PFD (N=2,051)

Degree of frustration,
mean (SD)

1 1,302 1.50 (0.71)

2 601 2.25 (1.30)

3 148 5.03 (2.26)

Adjusted for current BMI, infant birth weight, and maternal age

Significance of difference: 1 PFD vs 2 PFDs, p<0.001; 2 PFDs vs 3
PFDs, p<0.001

PFD pelvic floor dysfunction, SD standard deviation, IIQ-7 Incontinence
Impact Questionnaire—Short Form

Table 4 Prevalence and odds ratio of co-occurring pelvic floor
disorders in women grouped according to maternal height and fetal
weight and mode of delivery

All combinations of co-occurring
pelvic floor disorders

% aAdjOR (CI 95 %)

VD Maternal height ≤160 cm
and IBW ≥4 kg (n=75)

28.1

vs vs 2.07 (1.18–3.64)

VD Maternal height ≤160 cm
and IBW <4 kg (n=456)

15.8

VD Maternal height ≤160 cm
and IBW ≥4 kg (n=75)

28.1

vs vs 4.54 (2.42–8.49)

CS Maternal height ≤160 cm
(all fetal weights) (n=380)

7.9

IBW infant birth weight, VD vaginal delivery, CS cesarean section

*Chi-squared test was used for statistical comparison between groups
a Prevalence and odds ratios (OR) were adjusted for current weight and
maternal age
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women before and after a single delivery has recently been
reported by other authors [28]. However, there is little evi-
dence to suggest any difference in the prevalence of PFDs
before or during pregnancy in women grouped according to
mode of delivery. Nor was it possible to assess the effects of
the length of the second stage of labor, as this is not document-
ed in the MBR. The validity of family history in determining
the heritability of PFDs has been questioned because of insuf-
ficient control of shared environmental factors within families
and a lack of adjustment for mother’s age. Results may also be
overestimated because daughters with PFDs more likely
discussed the problem with their mother. Together with clas-
sical twin studies, it has however been estimated that herita-
bility might contribute to about half of the phenotypic varia-
tion for PFD [29].

Conclusion

In this large national cohort study of para 1 women we found
that the prevalence of co-occurring PFDs 20 years after birth
was high. Approximately one third of the women with a PFD
had two or more PFDs. The prevalence of co-occurring PFDs
was doubled in women after VD compared with CS. Risk
factors for the clustering of PFDs were: VD, family history,
≥2-degree tears, maternal age, and current BMI. The effect of
the resultant damage to the afflicted individual, as measured
by the degree of frustration experienced because of pelvic
floor dysfunction, increased with each additional co-
occurring PFD. This study provides preliminary evidence that
the clustering of PFDs may be used as an indicator of the
extent of vaginal trauma following delivery.
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