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IMPORTANCE Pelvic floor disorders (eg, urinary incontinence), which affect approximately
25% of women in the United States, are associated with childbirth. However, little is known
about the course and progression of pelvic floor disorders over time.

OBJECTIVE To describe the incidence of pelvic floor disorders after childbirth and identify
maternal and obstetrical characteristics associated with patterns of incidence 1 to 2 decades
after delivery.

DESIGN, SETTING, AND PARTICIPANTS Women were recruited from a community hospital
for this cohort study 5 to 10 years after their first delivery and followed up annually for up to
9 years. Recruitment was based on mode of delivery; delivery groups were matched for age
and years since first delivery. Of 4072 eligible women, 1528 enrolled between October 2008
and December 2013. Annual follow-up continued through April 2017.

EXPOSURES Participants were categorized into the following mode of delivery groups: cesarean
birth (cesarean deliveries only), spontaneous vaginal birth (�1 spontaneous vaginal delivery and
no operative vaginal deliveries), or operative vaginal birth (�1 operative vaginal delivery).

MAIN OUTCOMES AND MEASURES Stress urinary incontinence (SUI), overactive bladder
(OAB), and anal incontinence (AI), defined using validated threshold scores from the
Epidemiology of Prolapse and Incontinence Questionnaire, and pelvic organ prolapse (POP),
measured using the Pelvic Organ Prolapse Quantification Examination. Cumulative
incidences, by delivery group, were estimated using parametric methods. Hazard ratios,
by exposure, were estimated using semiparametric models.

RESULTS Among 1528 women (778 in the cesarean birth group, 565 in the spontaneous
vaginal birth group, and 185 in the operative vaginal birth group), the median age at first
delivery was 30.6 years, 1092 women (72%) were multiparous at enrollment (2887 total
deliveries), and the median age at enrollment was 38.3 years. During a median follow-up of
5.1 years (7804 person-visits), there were 138 cases of SUI, 117 cases of OAB, 168 cases of AI,
and 153 cases of POP. For spontaneous vaginal delivery (reference), the 15-year cumulative
incidences of pelvic floor disorders after first delivery were as follows: SUI, 34.3% (95% CI,
29.9%-38.6%); OAB, 21.8% (95% CI, 17.8%-25.7%); AI, 30.6% (95% CI, 26.4%-34.9%), and
POP, 30.0% (95% CI, 25.1%-34.9%). Compared with spontaneous vaginal delivery, cesarean
delivery was associated with significantly lower hazard of SUI (adjusted hazard ratio [aHR],
0.46 [95% CI, 0.32-0.67]), OAB (aHR, 0.51 [95% CI, 0.34-0.76]), and POP (aHR, 0.28 [95%
CI, 0.19-0.42]), while operative vaginal delivery was associated with significantly higher
hazard of AI (aHR, 1.75 [95% CI, 1.14-2.68]) and POP (aHR, 1.88 [95% CI, 1.28-2.78]).
Stratifying by delivery mode, the hazard ratios for POP, relative to a genital hiatus size less
than or equal to 2.5 cm, were 3.0 (95% CI, 1.7-5.3) for a genital hiatus size of 3 cm and 9.0
(95% CI, 5.5-14.8) for a genital hiatus size greater than or equal to 3.5 cm.

CONCLUSIONS AND RELEVANCE Compared with spontaneous vaginal delivery, cesarean delivery
was associated with significantly lower hazard for stress urinary incontinence, overactive
bladder, and pelvic organ prolapse, while operative vaginal delivery was associated with
significantly higher hazard of anal incontinence and pelvic organ prolapse. A larger genital hiatus
was associated with increased risk of pelvic organ prolapse independent of delivery mode.
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P elvic floor disorders, including urinary incontinence,
anal incontinence (AI), and pelvic organ prolapse (POP),
are common in women worldwide. Nygaard et al1 found

that approximately 25% of women in the United States from
2005 to 2006 had at least 1 pelvic floor disorder, with the rate
more than doubled for women older than 80 years. A wom-
an’s lifetime risk of surgery for POP or stress urinary inconti-
nence (SUI) was estimated to be 20%2 in 2014, and, in 2008,
the 10-year reoperation rate was estimated to be 17%.3 The US
population aged 65 years and older is expected to double be-
tween 2010 and 2050,4 further increasing the burden and costs
of pelvic floor disorders on the health care system.

Despite recent advances, the biological mechanisms un-
derlying pelvic floor disorders remain uncertain. Epidemio-
logic studies suggest that pelvic floor disorders are associ-
ated with childbirth, because these conditions are strongly
associated with parity5 and are more common after vaginal
birth vs cesarean birth.6 Little is known, however, about the
association of various obstetrical exposures with the course
and progression of pelvic floor disorders during a woman's life.
The goals of this study were to describe the incidence of
pelvic floor disorders after childbirth and to identify mater-
nal and obstetrical characteristics associated with patterns of
incidence in the first 1 to 2 decades after childbirth.

Methods
This study was approved by the Johns Hopkins and Greater
Baltimore Medical Center institutional review boards. All en-
rolled participants provided written informed consent. Data
were derived from the Mother’s Outcome after Delivery (MOAD)
study,6 a longitudinal cohort study of parous women. From
October 2008 to December 2013, participants were recruited
from a community hospital 5 to 10 years after their first deliv-
ery (index birth) and followed up annually for up to 9 years.
Follow-up ended in April 2017. Participants were identified based
on hospital discharge diagnoses, and eligibility was confirmed
by medical record review and telephone interview. Each eli-
gible delivery was classified as either a vaginal birth or cesar-
ean birth. Each delivery was also classified by the woman’s age
at delivery (organized into 5-year strata) and the number of years
from first delivery to recruitment (organized into one-fourth–
year strata). The recruitment strategy was to match women who
delivered by cesarean and vaginal births for age at first deliv-
ery and years since first delivery. Eligible women were ran-
domly selected for recruitment until the desired sample size was
achieved. Detailed recruitment methods have been published.6

Exclusion criteria (applied to the index birth) included mater-
nal age younger than 15 or older than 50 years, delivery at less
than 37 weeks’ gestation, placenta previa, multiple gestation,
known fetal congenital anomaly, stillbirth, prior myomec-
tomy, and abruption. Women who developed these events dur-
ing subsequent pregnancies were not excluded.

Exposures
Medical records were reviewed for maternal and obstetrical
characteristics. To explore the potential association between

pelvic floor disorders and operative vaginal delivery,6 each de-
livery was classified as a cesarean birth, a spontaneous vagi-
nal birth, or an operative vaginal birth (eg, delivery with the
use of forceps, vacuum-assisted vaginal delivery). Each par-
ticipant was classified according to all routes of delivery at the
time of study entry. Specifically, the cesarean birth group in-
cluded women who delivered only by cesarean birth, the spon-
taneous vaginal birth group was composed of women who ex-
perienced at least 1 spontaneous vaginal birth but no operative
vaginal deliveries, and the operative vaginal birth group in-
cluded women who had at least 1 operative vaginal delivery.
For multiparous women, if the medical record of a subse-
quent delivery was not available (eg, for <5% of deliveries that
occurred at nonaffiliated hospitals), the woman’s description
of her birth was used to classify her obstetrical exposure, be-
cause it has been demonstrated that the agreement between
maternal recall and obstetrical medical record information for
birth mode is excellent.7

Outcomes
Primary outcomes included the incidence of 4 pelvic floor dis-
orders: SUI, overactive bladder (OAB), AI, and POP. These out-
comes were assessed annually via the Epidemiology of Pro-
lapse and Incontinence Questionnaire (EPIQ)8 and a physical
examination (gynecologic, height, and weight information).
The EPIQ was included as a component of the online study
questionnaire that was accessed via a link sent to partici-
pants by the research team. The EPIQ was used to identify the
presence of SUI, defined as leakage of urine with activities that
increase intra-abdominal pressure; OAB, defined as urinary ur-
gency and frequency, often with urgency incontinence; and
AI, defined as involuntary loss of solid stool, liquid stool, or
gas.8 The EPIQ uses a scale of 0 to 100, with 100 representing
the worst symptoms. Higher scores than previously vali-
dated thresholds have been shown to correspond to clinically
significant disorders: SUI, 47.3; OAB, 59.6; AI, 22.8.8 Women
with scores exceeding these thresholds were considered to have
the corresponding condition. POP was assessed via physical
examination using the Pelvic Organ Prolapse Quantification
System (POP-Q),9 and was defined as descent of the vaginal
walls or cervix beyond the hymen during the Valsalva maneu-
ver (ie, bearing down as if having a bowel movement).10 In ad-
dition, the study questionnaire asked participants to report past

Key Points
Question Is childbirth delivery mode associated with risk of
pelvic floor disorders over time?

Findings In this cohort study of 1528 women, compared with
spontaneous vaginal delivery, cesarean delivery was associated
with a significantly lower risk of stress urinary incontinence
(adjusted hazard ratio [aHR], 0.46), overactive bladder (aHR,
0.51), and pelvic organ prolapse (aHR, 0.28); operative vaginal
delivery was associated with a significantly higher risk of anal
incontinence (aHR, 1.75) and pelvic organ prolapse (aHR, 1.88).

Meaning After childbirth, the risk of pelvic floor disorders varied
by delivery mode.
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treatment for pelvic floor disorders, including surgical proce-
dures, supervised pelvic muscle exercises, pessary use, and
use of medication to improve bladder control. Women who re-
ported receiving therapy for a specific pelvic floor disorder were
considered to have that condition, regardless of current symp-
toms. Women who reported pessary use were only classified
as having POP if they also met the criteria after a physical ex-
amination (eg, protrusion beyond the hymen). During annual
follow-up visits, study personnel were blinded to the partici-
pants’ obstetrical history and to current symptoms.

Additional Covariates
Other covariates were assessed at baseline and at annual
follow-up visits. Parity was self-reported. Age at first delivery
was categorized by the following approximate tertiles:
younger than 30 years, 30 to 34 years, and 35 years or older.
Body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared) was measured at each
annual follow-up visit and categorized for analyses as less
than 25 (normal weight or reference), 25 to 29 (overweight),
or greater than or equal to 30 (obese). Race was also assessed,
because studies have suggested an association between pel-
vic floor disorders and race.11,12 Participants’ race/ethnicity
(categorized as American Indian or Alaska Native, Asian,
black or African American, Native Hawaiian or other Pacific
Islander, white, or other) was self-reported. For analysis,
race/ethnicity was dichotomized as black vs nonblack; Asian
women and women who indicated “other” accounted for
only 5.2% of the study population and were therefore
included with the largest racial category to minimize misclas-
sification in statistical inferences.

An additional covariate of interest was genital hiatus size,
which has been associated with POP progression over time.13

Genital hiatus size was measured annually during the POP-Q9

assessment and is defined as the distance (in centimeters)
from the middle of the external urethral meatus to the poste-
rior midline hymen measured during the maximal Valsalva
maneuver. For this analysis, genital hiatus size was classified
by approximate tertiles of the overall population based on the
distribution of values measured to the nearest half-centimeter
at enrollment (≤2.5 cm, 3 cm, or ≥3.5 cm).

Data Analysis
In describing the incidence of pelvic floor disorders, each wom-
an’s first delivery was considered as the time origin, with the
aim to describe the cumulative incidence of each pelvic floor
disorder from that origin. Some participants had already de-
veloped a pelvic floor disorder before enrollment (left cen-
sored), others developed pelvic floor disorders during study ob-
servation (uncensored), and the remainder of women had no
pelvic floor disorders at the end of follow-up (right censored).
Conventional lognormal models were used to estimate and com-
pare, by delivery mode, the cumulative incidences of each pel-
vic floor disorder over time. In addition, the log-normal model
yields estimates of time ratios,14 which reflect the relative time
to event for each pelvic floor disorder by delivery mode (ie, the
extent by which a delivery group either contracts or expands
the time to event relative to the reference group).

The contribution of the left-censored data provided by
women with pelvic floor disorders at enrollment permitted the
estimation of the cumulative incidence less than 5 years after
the first delivery. Cumulative incidence estimates for that pe-
riod were obtained using maximum likelihood methods,14 con-
catenating the information provided by the full data (preva-
lent as left censored, incident as uncensored, and event-free
as right censored). The use of a parametric survival model
(eg, log-normal) allows estimates of the cumulative inci-
dence over the entire period, starting at first delivery. Addi-
tional details about the statistical methods are provided in the
eMethods in the Supplement.

The second goal of this study was to identify maternal and
obstetrical characteristics associated with incidence of pel-
vic floor disorders. As previously noted, some participants de-
veloped a pelvic floor disorder before enrollment (left cen-
sored or prevalent at enrollment). The study, by design,
collected prospective data only as recent as 5 years after a wom-
an’s first delivery (ie, no women were enrolled before that mile-
stone). Although data from the women prevalent at enroll-
ment were used in the descriptions of the incidence of pelvic
floor disorders during the 5 years after first delivery, these cases
occurred before study observation and therefore these events
could not be used to model the relative hazard of exposures
of interest. Hence, in the analysis of relative hazard, the ori-
gin was defined at 5 years from first delivery, and cases of
women prevalent at enrollment were excluded.

Methods appropriate for staggered entries14 (ie, stag-
gered by the number of years past 5 years after first delivery
when the participant was recruited) were used to appropri-
ately account for participants surviving disorder-free until en-
try into the study. The inclusion of staggered entries not only
controlled for survival bias, but also compensated for the trun-
cation of participants who developed pelvic floor disorders be-
fore enrollment. To characterize the association with fixed
(race, delivery group) and time-varying (BMI, parity, genital
hiatus size) exposures, classic semiparametric proportional
hazards models were used. The summary measures of these
associations were the hazard ratios (HRs) of the hazard rate of
the exposure of interest relative to the hazard rate of the ref-
erence group. To facilitate the interpretation of the putative
protective association with cesarean delivery and the delete-
rious association with operative vaginal delivery relative to
spontaneous vaginal delivery, spontaneous vaginal delivery
was used as the reference category. To check the proportion-
ality assumption, the HRs of delivery groups were allowed to
vary over time, which was accomplished by including inter-
actions between time, where the origin is 5 years after first de-
livery, and delivery group in the model. These interaction terms
between time and delivery group were tested for significance
in the final multivariable models.

Studies have suggested that genital hiatus size may be af-
fected by the mode of delivery (ie, vaginal delivery may
result in a wider genital hiatus than cesarean delivery).13

Thus, genital hiatus size may be part of a causal pathway be-
tween delivery mode and the incidence of pelvic floor disor-
ders. Therefore, this variable was not considered a possible
confounder of delivery mode in the multivariable analysis.
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Instead, to characterize the association of genital hiatus size
with the 4 pelvic floor disorders in women with the same de-
livery mode, the analysis was stratified by delivery mode.

Although data were complete for all variables at study en-
try, not all the participants provided time-varying exposures
(eg, BMI, genital hiatus size) at all follow-up visits. Missing
data for these exposures were imputed with a 1-visit carry-
forward method (ie, if a value was missing from a visit, the
value from the previous visit was used, but only once). This
occurred in only 306 of 7804 person-visits (3.9%).

For all measures of association, the corresponding
2-sided 95% CIs are reported and statistical significance is
attached to intervals not containing the null value of 1. Analy-
ses were conducted using SAS version 9.4 (SAS Institute) and
Stata version 15 (StataCorp), and graphics were created using
R version 3.4.3 (R Foundation).

Results
Based on medical record review, 12 691 eligible women were
identified, of whom 7948 were approached for recruitment.
Study personnel were able to contact and confirm eligibility
for 4072 women (51%). Of these 4072 women, 1528 (38%) en-
rolled. Participation did not differ by delivery mode.6 Median
age at first delivery differed minimally between women who
enrolled and women who declined (30.6 years vs 31.6 years).

Among the 1528 study participants, 778 women were in
the cesarean birth group, 565 women were in the vaginal
birth group, and 185 women were in the operative vaginal
birth group. The total number of deliveries was 2887; 436
women (28%) had 1 delivery, 851 (56%) had 2, and 241 (16%)
had at least 3. Among multiparous (ie, more than 1 birth)
women, the transition between cesarean and vaginal delivery
mode was infrequent. In particular, of 511 women whose first
delivery was cesarean and had a subsequent birth, only 24
had a subsequent vaginal birth (21 spontaneous vaginal deliv-
eries and 3 operative vaginal deliveries).

Table 1 describes the study population characteristics at
enrollment and follow-up information. Women in the cesar-
ean birth group made 4039 person-visits, the spontaneous
vaginal birth group made 2817 person-visits, and the opera-
tive vaginal delivery birth group made 948 person-visits. Loss
to follow-up (defined as no follow-up visits 2 years before the
conclusion of follow-up in April 2017) was similar in the 3 de-
livery groups (37%, 34%, and 36% for cesarean birth, sponta-
neous vaginal birth, and operative vaginal birth groups, re-
spectively) and the data from these women were considered
right-censored in the analysis. Overall, the median age at en-
rollment was 38.3 years. The youngest woman in the study at
enrollment was aged 22.7 years and the oldest woman at the
end of the study was aged 61.7 years. The longest time after
first delivery when a participant was seen in the study was 18.7
years. As previously noted for this cohort,13,15 delivery type was
associated with BMI and genital hiatus size, with major dif-
ferences between cesarean delivery and vaginal delivery (spon-
taneous vaginal and operative vaginal delivery were not sig-
nificantly different from each other).

Of the 1528 women enrolled, the number of pelvic floor
disorders prevalent at enrollment (ie, occurring between
first delivery and the date of enrollment) and cases of pelvic
floor disorders during follow-up in the study were as fol-
lows: 168 (11.0%) and 138 (9.0%), respectively, for SUI; 98
(6.4%) and 117 (7.7%), respectively, for OAB; 167 (10.8%) and
168 (11.0%), respectively, for AI; and 36 (2.4%) and 153
(10.0%), respectively, for POP. The total number of pelvic
floor disorders and when they occurred informed the mod-
els to estimate the cumulative incidences (described in the
eTable in the Supplement).

Figure 1 shows the cumulative incidence of each pelvic
floor disorder over time, by delivery mode, based on log-
normal models described in detail in the eTable in the
Supplement. Time ratios are shown by delivery mode, with
spontaneous vaginal birth as the reference category, in
Table 2. Compared with spontaneous vaginal delivery, the
time ratios associated with cesarean delivery were signifi-
cantly higher (indicating the magnitude by which times to
event were longer) for SUI (time ratio, 2.04 [95% CI, 1.63-
2.56]), OAB (time ratio, 1.40 [95% CI, 1.13-1.73]), and POP
(time ratio, 1.70 [95% CI, 1.48-1.95]). In contrast, the time
ratios associated with operative vaginal delivery were signifi-
cantly lower (indicating the magnitude by which times to
event were shorter) than time ratios associated with sponta-
neous vaginal delivery for OAB (time ratio, 0.68 [95% CI,
0.51-0.91]) and POP (time ratio, 0.76 [95% CI, 0.66-0.89]).

In addition, Figure 1 shows temporal distinctions among
the different pelvic floor disorders. Some pelvic floor disor-
ders, such as SUI, had a high incidence in the first few years
after delivery. On the other hand, POP had a much longer la-
tency after first delivery. Specifically, for spontaneous vagi-
nal delivery (reference), the estimated 5-year cumulative in-
cidences following first delivery were as follows: SUI, 11.1%
(95% CI, 8.7%-13.5%); OAB, 4.8% (95% CI, 3.3%-6.3%); AI, 8.5%
(95% CI, 6.4%-10.5%); and POP, 1.6% (95% CI, 0.9%-2.3%). The
corresponding 15-year cumulative incidences were as fol-
lows: SUI, 34.3% (95% CI, 29.9%-38.6%); OAB, 21.8% (95% CI,
17.8%-25.7%); AI, 30.6% (95% CI, 26.4%-34.9%); and POP,
30.0% (95% CI, 25.1%-34.9%). For cesarean delivery, the esti-
mated 5-year cumulative incidences following first delivery
were the following: SUI, 4.0% (95% CI, 2.8%-5.2%); OAB, 2.6%
(95% CI, 1.7%-3.6%); AI, 6.5% (95% CI, 4.9%-8.0%); and POP,
0.2% (95% CI, 0.1%-0.3%). The corresponding 15-year cumu-
lative incidences for cesarean delivery were the following: SUI,
17.5% (95% CI, 14.5%-20.5%); OAB, 14.6% (95% CI, 11.8%-
17.5%); AI, 25.8% (95% CI, 22.3%-29.3%); and POP, 9.4% (95%
CI, 6.8%-12.1%). For operative vaginal delivery, the estimated
5-year cumulative incidences following first delivery were as
follows: SUI, 13.3% (95% CI, 9.0%-17.5%); OAB, 8.7% (95% CI,
5.4%-12.1%); AI, 11.9% (95% CI, 8.0%-15.8%); and POP, 4.0%
(95% CI, 2.0%-5.9%). The corresponding 15-year cumulative
incidences for operative vaginal delivery were the following:
SUI, 38.2% (95% CI, 31.0%-45.5%); OAB, 31.8% (95% CI, 24.7%-
38.9%); AI, 37.8% (95% CI, 30.6%-44.9%); and POP, 44.9%
(95% CI, 37.0%-52.8%).

The corresponding hazard functions of each pelvic floor
disorder are shown in Figure 2. Consistent with the time ratios
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shown in Table 2, the hazard of each pelvic floor disorder was
highest among women in the operative vaginal birth group and
lowest among women in the cesarean birth group. The curves
for SUI demonstrate a very sharp rise in the hazard rate in the
first few years following each woman’s first delivery. Specifi-
cally, the peak hazard rate was within the first 5 years of de-
livery, corresponding with the observed pattern of early on-
set for this condition. This was in contrast with POP, for which
the peak hazard rate was estimated to occur more than 20 years
after delivery. An additional observation was that the between-
group differences for SUI were greatest in the first few years
but waned thereafter. In contrast, the differences between de-
livery groups were sustained over time for POP.

Figure 3 depicts the bivariable extended (ie, including
left truncation or staggered entries) Kaplan-Meier curves of
the 4 pelvic floor disorders starting 5 years after first deliv-
ery. Using these data, HRs were calculated for each pelvic
floor disorder as a function of delivery mode group and the
other maternal and obstetrical characteristics. Considering
an interaction between delivery group and time, significant
departures from proportionality were not detected. Table 3
presents the HRs and adjusted hazard ratios (aHRs) for
each pelvic floor disorder, derived from bivariable and mul-
tivariable models, respectively. In both models, compared
with spontaneous vaginal delivery (reference), cesarean
delivery was associated with a significantly lower hazard of

Table 1. Characteristics of Women Enrolled in a Study Examining the Association of Delivery Mode
With Pelvic Floor Disorders

Group, No. (%)

Cesarean Birth
(n = 778)

Spontaneous
Vaginal Birth
(n = 565)

Operative
Vaginal Birth
(n = 185)

Age at first delivery, y

<30 296 (38.1) 237 (42.0) 60 (32.4)

30-34 263 (33.8) 185 (32.7) 79 (42.7)

≥35 219 (28.2) 143 (25.3) 46 (24.9)

Primary race/ethnicity

White 596 (76.6) 462 (81.8) 157 (84.9)

Black 139 (17.9) 77 (13.6) 18 (9.7)

Asian 15 (1.9) 15 (2.7) 8 (4.3)

Other 28 (3.6) 11 (2.0) 2 (1.1)

Deliveries at enrollment

1 252 (32.4) 137 (24.3) 47 (25.4)

2 423 (54.4) 324 (57.4) 104 (56.2)

≥3 103 (13.2) 104 (18.4) 34 (18.4)

BMI at enrollment

<25 303 (39.0) 283 (50.1) 110 (59.5)

26-29 206 (26.5) 176 (31.1) 51 (27.6)

≥30 269 (34.6) 106 (18.7) 24 (13.0)

Genital hiatus size at enrollment, cma

≤2.5 624 (80.2) 216 (38.2) 69 (37.3)

3 114 (14.7) 132 (23.4) 37 (20.0)

≥3.5 40 (5.1) 217 (38.4) 79 (42.7)

No. of follow-up visitsb

1-3 247 (31.8) 164 (29.0) 58 (31.4)

4-6 222 (28.5) 224 (39.7) 58 (31.4)

7-9 309 (39.7) 177 (31.3) 69 (37.3)

Stress urinary incontinence 101 (13.0) 149 (26.4) 56 (30.3)

Overactive bladder 81 (10.4) 89 (15.8) 45 (24.3)

Anal incontinence 148 (19.0) 129 (22.8) 58 (31.4)

Pelvic organ prolapse 39 (5.0) 94 (16.7) 56 (30.3)

Time from first delivery to study entry,
median (IQR), y

6.5 (5.6-8.2) 6.2 (5.5-7.8) 6.7 (5.6-8.5)

Time from first delivery to last follow-up,
median (IQR), y

11.4 (9.2-14.3) 10.7 (9.1-13.4) 11.4 (9.3-14.5)

Time from study entry to last follow up,
median (IQR), y

5.1 (2.1-7.0) 5.0 (2.5-6.3) 5.1 (2.1-7.1)

Follow-up visitsb 4039 2817 948

Person-years of follow-up 3512 2440 829

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IQR, interquartile range.
a The genital hiatus size is the

distance from the middle of
the external urethral meatus to the
posterior midline hymen, measured
during the Valsalva maneuver.

b Follow-up visits included 7804
annual participant assessments,
of which 364 (4.7%) did not include
a physical examination.
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SUI (aHR, 0.46 [95% CI, 0.32-0.67]), OAB (aHR, 0.51 [95%
CI, 0.34-0.76]), and POP (aHR, 0.28 [95% CI, 0.19-0.42]).
Conversely, compared with spontaneous vaginal delivery,
operative vaginal delivery had a significantly greater hazard
of both AI (aHR, 1.75 [95% CI, 1.14-2.68]) and POP (aHR, 1.88
[95% CI, 1.28-2.78]).

With respect to the associations of other variables in the
multivariable model, Table 3 shows that black women had a
reduced hazard of developing AI (aHR, 0.42 [95% CI, 0.24-
0.73]) and obese women were at significantly greater hazard
of developing both SUI (aHR, 1.97 [95% CI, 1.29-3.01]) and AI
(aHR, 2.24 [95% CI, 1.53-3.20]). Parity of at least 3 was signifi-
cantly associated with an increasing hazard of POP (aHR, 2.08

[95% CI, 1.19-3.64]). Age at first delivery was not associated with
the hazard of any of these disorders.

As noted in Table 3, genital hiatus size was significantly
associated with each of the 4 pelvic floor disorders. Further
analyses revealed that for each mode of delivery, there were
significant associations between increasing genital hiatus size
and the incidence of pelvic floor disorders. This association was
most notable for POP; among women with the same delivery
mode (ie, stratified by delivery mode in a proportional haz-
ards model) and relative to a genital hiatus size of 2.5 cm
or less, the HRs for POP were 3.0 (95% CI, 1.7-5.3) for a genital
hiatus size of 3 cm and 9.0 (95% CI, 5.5-14.8) for a genital hia-
tus size greater than or equal to 3.5 cm. This association was

Table 2. Time Ratios for Pelvic Floor Disordersa

Delivery Mode Group

Time Ratio (95% CI)
Stress Urinary Incontinence
(n = 1360)

Overactive Bladder
(n = 1430)

Anal Incontinence
(n = 1361)

Pelvic Organ Prolapse
(n = 1492)

Cesarean 2.04 (1.63-2.56) 1.40 (1.13-1.73) 1.20 (0.99-1.45) 1.70 (1.48-1.95)

Spontaneous vaginal 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Operative vaginal 0.87 (0.65-1.15) 0.68 (0.51-0.91) 0.78 (0.59-1.03) 0.76 (0.66-0.89)

a Time ratios reflect the relative time
to event for each pelvic floor
disorder by delivery mode using
spontaneous delivery as the
reference group.

Figure 1. Cumulative Incidence of Pelvic Floor Disorders by Delivery Mode
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Based on log-normal models (see the eTable in the Supplement). The number of events according to the delivery modes and type of pelvic floor disorder
are included in Table 1.
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present in each of the delivery groups. The corresponding HRs
for genital hiatus size of 3 cm and genital hiatus size greater
than or equal to 3.5 cm were 2.7 (95% CI, 1.2-6.2) and 8.0 (95%
CI, 3.7-17.2), respectively, for cesarean delivery; 3.0 (95% CI,
1.1-8.7) and 10.4 (95% CI, 4.2-25.8), respectively, for sponta-
neous vaginal delivery; and 4.5 (95% CI, 1.2-16.9) and 9.8 (95%
CI, 3.0-32.1), respectively, for operative vaginal delivery.

Discussion
Results of this study showed a substantial difference in pel-
vic floor disorder incidence based on a woman’s obstetrical
characteristics. The cumulative incidence of each pelvic floor
disorder was significantly associated with delivery mode. Com-
pared with spontaneous vaginal delivery, cesarean delivery was
significantly associated a with lower hazard of SUI, OAB, and
POP. Furthermore, operative vaginal delivery was signifi-
cantly associated with a higher hazard of AI and POP. The as-
sociation with delivery mode was most pronounced for POP.

Two longitudinal studies investigated the association be-
tween incontinence and delivery mode. In the first study,
among 278 Danish primiparous women who completed ques-

tionnaires 2 to 5 days, 3 months, and 5 years after delivery,16

no difference was found in the incidence of SUI by mode of de-
livery. However, only 18% of participants in this study deliv-
ered by cesarean birth, limiting the power. In the second
study,17-19 3763 women from the United Kingdom and New
Zealand completed questionnaires 3 months, 6 years, and 12
years after delivery. Compared with spontaneous vaginal de-
livery, cesarean delivery was associated with a lower risk of uri-
nary incontinence (odds ratio, 0.46 [95% CI, 0.37-0.58]). At 12
years, POP was assessed in a subset of women (n = 762) and
was found to be less common in women who delivered exclu-
sively by cesarean birth (odds ratio, 0.11 [95% CI, 0.03-0.38]).

Data from the present study build on those observations
by providing a more complete picture of incidence over time.
For example, this study illustrated differences in the progres-
sion over time of the 4 pelvic floor disorders. POP, for in-
stance, had a longer latency after childbirth than SUI and AI.
These temporal differences may explain the different pat-
terns seen in surgery for POP and SUI. Wu et al2 reported that
the annual risk of surgery for SUI has 2 peaks: at 46 and at 70
to 71 years of age. In contrast, the annual risk of surgery for POP
increased with age, with the highest risk for women aged 71
to 73 years. The difference in latency observed in the present

Figure 2. Incidence Per Year of Pelvic Floor Disorders by Mode of Delivery and Years From First Delivery
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Each curve was created by dividing the rate of change of the cumulative incidence curve in Figure 1 by 1 minus the cumulative incidence.
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study may also suggest different causation of the various pelvic
floor disorders. For example, there is mounting evidence that
some cases of POP may be caused by trauma to the levator ani
muscle.20,21 Although such injuries are not typically evident
at the time of delivery, research studies using either 3-D
ultrasonography or magnetic resonance imaging have de-
tected significant levator ani trauma after 10% to 20% of vaginal
deliveries.22,23 The effect of levator ani muscle injury on the
pelvic floor appears to evolve over decades, resulting in a long
latency for symptomatic POP. In contrast, the urethral sphinc-
teric mechanism may be a stronger predictor of symptoms of
incontinence, and injury to that mechanism with vaginal de-
livery may explain the relatively early onset after delivery for
incontinence disorders.24

In addition, genital hiatus size was significantly associ-
ated with hazard for the 4 pelvic floor disorders analyzed,
especially POP. Among women with the same mode of deliv-
ery, including women in the cesarean birth group, there was a
statistically and clinically significant association between
genital hiatus size and POP. A strength of the analysis was the
availability of repeated assessments of genital hiatus size
over time, which were included as such in the analysis. Thus,
genital hiatus size is viable as a marker to monitor the risk of
POP over time. Indeed, the changes in genital hiatus may
actually be a mechanism for the development of POP, regard-
less of delivery mode.

This study had many additional strengths. The primary
strength was the longitudinal design. Longitudinal studies of

Figure 3. Cumulative Incidence of Pelvic Floor Disorder by Mode of Delivery and Years From First Delivery
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The time scale starts at 5 years because the prevalent (left censored) cases were
truncated to focus on incident cases observed in the study with concomitant
annually collected longitudinal data on covariates. By delivery mode, median

(IQR) years from first delivery to last follow up was 11.4 (9.2, 14.3) for cesarean
birth, 10.7 (9.1, 13.4) for spontaneous vaginal birth, and 11.4 (9.3, 14.5) for
operative vaginal birth.

Association of Childbirth Delivery Mode With Long-term Pelvic Floor Disorders Original Investigation Research

jama.com (Reprinted) JAMA December 18, 2018 Volume 320, Number 23 2445

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.18315


pelvic floor disorders are rare, particularly for POP because of
the logistical burden and cost associated with repeated gyne-
cologic examinations. Second, the cohort was large enough
to examine differences by delivery mode, and the follow-up
was sufficient to model changes in incidence over time.
Third, the tools used to measure pelvic floor disorders were
validated, including the use of a structured examination to
assess pelvic organ support. Fourth, the use of models that
account for time-varying measures (eg, BMI and genital hia-
tus) allowed the description of the relative hazard as a func-
tion of the current status of the participants, based on the
BMI and genital hiatus size at each point in time. Although
the primary exposure (ie, delivery mode) was considered
fixed, there was little misclassification because transitions
between delivery modes were infrequent. Fifth, statistical
methods were implemented to maximize the information
provided by the prevalent cases handling them as left cen-
sored observations for the description of the incidence of

pelvic floor disorders, using years from first delivery as the
time scale. In turn, the time scale changed to years after 5
years from first delivery to focus on incident cases, and stag-
gered entries were used to examine the women who entered
the study without pelvic floor disorders.

Limitations
This study had several limitations. First, although pelvic
floor disorders were determined with validated research
tools, some misclassification was possible. Second, the use
of dichotomous definitions of pelvic floor disorders is an
oversimplification because worsening of a mild pelvic floor
disorder over time may also be clinically relevant. Third,
although, to our knowledge, this is the longest cohort study
on the epidemiology of pelvic floor disorders to date, the
duration of follow-up was not adequate to look at patterns
of hazard in older women. Fourth, the sample size was not
sufficient to further explore some risk factors. For example,

Table 3. Hazard Ratios (HRs) for Pelvic Floor Disordersa

Stress Urinary Incontinence
(n = 1360)

Overactive Bladder
(n = 1430)

Anal Incontinence
(n = 1361)

Pelvic Organ Prolapse
(n = 1492)

HR (95% CI) aHR (95% CI) HR (95% CI) aHR (95% CI) HR (95% CI) aHR (95% CI) HR (95% CI) aHR (95% CI)
Person-years 5892 6383 5737 6424

Cases 138 117 168 153

Delivery
mode group

Cesarean 0.49 (0.34-0.71) 0.46 (0.32-0.67) 0.54 (0.36-0.80) 0.51 (0.34-0.76) 0.77 (0.55-1.08) 0.72 (0.51-1.02) 0.29 (0.19-0.43) 0.28 (0.19-0.42)

Sponta-
neous
vaginal

1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Operative
vaginal

0.99 (0.60-1.64) 1.07 (0.65-1.78) 1.07 (0.63-1.83) 1.07 (0.63-1.84) 1.70 (1.11-2.59) 1.75 (1.14-2.68) 1.78 (1.21-2.60) 1.88 (1.28-2.78)

Age at
first
delivery, y

<30 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

30-34 0.75 (0.50-1.12) 0.80 (0.53-1.21) 1.11 (0.72-1.72) 1.10 (0.70-1.73) 1.07 (0.74-1.55) 1.03 (0.71-1.49) 0.89 (0.61-1.30) 0.94 (0.64-1.37)

≥35 0.92 (0.61-1.38) 0.96 (0.62-1.48) 1.26 (0.80-1.96) 1.20 (0.74-1.94) 1.33 (0.92-1.92) 1.36 (0.92-2.01) 0.98 (0.67-1.45) 1.33 (0.88-2.01)

Race

Nonblack 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Black 1.02 (0.64-1.62) 0.86 (0.52-1.42) 1.06 (0.63-1.78) 1.08 (0.62-1.87) 0.46 (0.27-0.80) 0.42 (0.24-0.73) 0.84 (0.52-1.36) 0.99 (0.60-1.65)

Parity

1 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

2 0.80 (0.54-1.19) 0.82 (0.54-1.23) 0.87 (0.58-1.30) 0.88 (0.57-1.36) 1.28 (0.89-1.85) 1.37 (0.93-2.02) 1.96 (1.25-3.06) 2.07 (1.31-3.30)

≥3 1.16 (0.72-1.87) 1.13 (0.67-1.88) 0.57 (0.31-1.06) 0.56 (0.29-1.08) 1.05 (0.63-1.75) 1.12 (0.65-1.91) 2.14 (1.26-3.64) 2.08 (1.19-3.64)

BMI

<25 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

25-29 1.25 (0.83-1.88) 1.32 (0.87-2.00) 0.72 (0.46-1.14) 0.76 (0.48-1.21) 1.21 (0.84-1.76) 1.37 (0.94-1.99) 0.97 (0.66-1.42) 1.11 (0.76-1.63)

≥30 1.62 (1.09-2.41) 1.97 (1.29-3.01) 1.02 (0.66-1.57) 1.14 (0.72-1.81) 1.59 (1.11-2.29) 2.24 (1.53-3.20) 0.97 (0.66-1.43) 1.50 (0.99-2.26)

Genital
hiatus
size,b,c cm

≤2.5 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

3 1.84 (1.19-2.83) 1.01 (0.59-1.73) 1.65 (1.13-2.41) 3.49 (2.02-6.03)

≥3.5 2.31 (1.57-3.40) 2.09 (1.41-3.11) 1.60 (1.12-2.27) 11.74 (7.51-18.4)

Abbreviations: aHR, adjusted hazard ratio; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared).
a Hazard ratios were derived from bivariable analysis and adjusted hazard ratios

were derived from multivariable analysis .

b The genital hiatus size is the distance from the middle of the external urethral
meatus to the posterior midline hymen, measured during the Valsalva maneuver.

c Genital hiatus size was not included in the multivariable analysis because this
variable is likely to be in causal pathway of delivery mode.
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there was a limited number of women with a high parity
and, therefore, the findings cannot be extrapolated to
women who may have experienced 4 or more deliveries.
Fifth, the data were from a single institution, so the results
may not be generalizable to all populations. Sixth, because
there were 4 coprimary outcomes and multiple subgroup
comparisons without adjustment for multiple comparisons,
it is possible that some of the statistically significant find-
ings may reflect type I error.

Conclusions

Compared with spontaneous vaginal delivery, cesarean deliv-
ery was associated with significantly lower hazard of SUI,
OAB, and POP, while operative vaginal delivery was associ-
ated with significantly higher hazard of AI and POP. A larger
genital hiatus was associated with an increased risk of POP
independent of delivery mode.
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