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SYNOPSIS

Using a life span model, this article presents new scientific findings regarding risk factors for
pelvic floor disorders (PFDs), with a focus on the role of childbirth in the development of single or
multiple co-existing PFDs. Phase | of the life span model includes predisposing factors such as
genetic predisposition and race. Phase |1 of the model includes inciting factors such as obstetric
events. Prolapse, urinary incontinence (UI) and fecal incontinence (FI) are more common among
vaginally parous women, although the impact of vaginal delivery on risk of Fl is less dramatic
than for prolapse and Ul. Finally, Phase Il includes intervening factors such as age and obesity.
Both age and obesity are associated with prevalence of PFDs. The prevention and treatment of
obesity is an important component to PFD prevention.
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The study of the epidemiology of any disease starts with case definition. Pelvic floor
disorders (PFDs) include stress urinary incontinence (SUI), urgency urinary incontinence
(UUI), overactive bladder (OAB), pelvic organ prolapse (POP), and fecal or anal
incontinence (FI, Al). Numerous definitions and classification schemes have been proposed
for these individual PFDs. Variations in definitions, both in clinical practice and in the
literature, create variability in estimates of prevalence and incidence.! For instance, mild
POP, defined as any degree of prolapse on examination, is practically universal in older
women,2 but women may not have symptoms unless prolapse is more severe.3 Thus,
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estimates of the prevalence of POP will be impacted by the threshold used to define the
condition.

Additionally, definitions proposed for clinical practice may not be sufficiently precise for
epidemiologic research. In 2009, the International Continence Society (ICS) and
International Urogynecologic Association provided updates on defining PFDs.# Urinary
incontinence (UI) is defined as involuntary loss of urine. However, the definition does not
specify a measurement standard for this condition. Similar limitations are noted with the ICS
definitions for other PFDs. OAB is defined as urinary urgency (usually accompanied by
frequency and nocturia), with or without UUI, in the absence of urinary tract infection or
other obvious pathology. POP is defined as the “descent of one or more of the anterior
vaginal wall, posterior vaginal wall, the uterus (cervix) or the apex of the vagina (vaginal
vault or cuff scar after hysterectomy)”, correlated with symptoms, assisted by any relevant
imaging. FI is defined as involuntary loss of feces, while Al is involuntary loss of feces or
flatus.

As noted by Sung and Hampton in 2009, “the generalized lack of agreement on an
epidemiologic definition of incontinence has limited the ability to obtain precise and
consistent estimates of prevalence, incidence, and remission rates. In addition, differences in
target populations, study and survey methodology, and questionnaire design increase the
variability of estimates between studies.” Prior publications have addressed various
validated standards for the measurement and classification of PFDs.1.5~7

Prevalence and public health burden of pelvic floor disorders

Despite the challenges of measuring and classifying PFDs in epidemiologic research, recent
studies have provided valuable estimates of the prevalence of these conditions. Pelvic floor
disorders are common. Based on a cross-sectional study of a nationally representative
population of women in the United States (US), the prevalence of at least one PFD was
23.7%. The prevalence was more than doubled in women 80 years or older.8 The probability
that a woman will undergo surgical correction of POP by age 80 is estimated to be one in
five.9.10

Research also suggests that PFDs often coexist. For example, in a study of more than 5000
parous Swedish women,11 46% had at least one disorder and almost a third of these
symptomatic women had two or more disorders. Similarly, in a Kaiser study, at least one
PFD was reported by 34% of women over 40 years of age, and 16% of symptomatic women
had more than one disorder; specifically, 9% of the symptomatic women had both Ul and FI
and 7% had both Ul and POP (Figure 1).12

Due to their high prevalence, PFDs have a large economic burden. In 2006, the estimated
direct annual costs of ambulatory care for PFDs in the US was $412 million.13 As the
population ages, health care utilization for PFDs is predicted to grow. Wu et al used US
Census Bureau population projections to estimate the total number of women who will
undergo surgery for POP from 2010 to 2050, and determined that this number is expected to
increase by 48.2% over these four decades.14
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The limitation of studies on health care utilization is that some women with PFDs do not
seek care. In a population-based sample of women 40 years or older, the prevalence of Ul
was 41%, but only 25% of symptomatic women sought care, 23% received some care, and
12% received subspecialty care.15 In a community-based Internet survey of women older
than 45 years, 19% reported accidental bowel leakage but only 29% of those had sought
care.16 Thus, the incidence of care seeking provides an underestimate of the public health
burden of PFDs among US women.

Pelvic floor disorders as chronic disease

One model for conceptualizing the development of PFDs in women was published in 1998
by Bump and Norton!’ (Figure 2). This model provides a framework for discussion of the
progression from normal to abnormal pelvic support and pelvic organ function, organizing
risk factors into categories: intervening, predisposing, inciting, promoting, and
decompensating. As others have observed,! this model may not explain an individual’s
progression of disease, nor does it provide an indication of the burden of one risk factor
compared to others.

Another way of conceptualizing the epidemiology of PFDs is a model that takes into
account the chronic nature of the disorders. The life course or life span approach is a theory
used for chronic disease epidemiology.18 The key concepts include the study of the disease
process during gestation, childhood, adolescence, young adulthood and later adult life,
within the individual’s life course and across generations. The model emphasizes the
temporal relationship between exposure variables and their inter-relationships.

The life span approach can be used for reproductive health.1 In 2008, DeLancey et al
proposed the Lifespan Model for Pelvic Floor Disorders (Figure 3).20 Three phases were
explored: phase | for predisposing factors such as growth and development, phase 1l for
inciting factors such as birth-induced changes, and finally phase 111 for intervening factors
such as age-related changes or lifestyle factors. It seems reasonable that the life span
approach can be used to further characterize known and suspected risk factors for PFDs.

Two methods of using the life span theory are the Critical Period method and the
Accumulation of Risk method. The latter can be further categorized based on whether
individual risk factors (a) act separately, (b) cluster together, (¢) accumulate in an additive
fashion (known as a “chain of risk’), or (d) have a final ‘trigger effect’ risk factor. Thus,
Accumulation of Risk may be most appropriate for modeling PFD epidemiology. For
instance, Memon & Handa provided a graphical display of obstetric exposures in a
population of primiparous women who delivered vaginally (Figure 4).21 As the figure
shows, these obstetric exposures are clustered and have considerable overlap. Using a life
span model with an Accumulation of Risk framework, the sections that follow present a
perspective on new scientific findings regarding risk factors for PFDs.
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Phase I: Predisposing factors for pelvic floor disorders

Genetic predisposition

Race

A genetic cause for PFDs has not been identified, although epidemiologic evidence for a
genetic predisposition accumulates. For example, a meta-analysis of clinical studies on
family history of POP calculated that the relative odds for POP among women with a
genetic predisposition was of 2.58.22 A meta-analysis provided moderate evidence of the
genetic association for urinary symptoms in women, with certain genes having an odds ratio
(OR) of 2.5 for OAB and 2.1 for SUI.23 Although specific genetic predisposition has not
been identified, a systematic review of genetic studies found that collagen type 3 alpha 1
was associated with POP (OR 4.79).24

Some studies suggest that the prevalence of prolapse and incontinence are associated with
race. For example, Kaiser investigators found that Latina and white women had a higher risk
of symptomatic POP than African American women (prevalence ratio 4.89 and 5.35,
respectively).2° In a related Kaiser study, the age-adjusted prevalence of weekly Ul was
significantly different among Hispanic (36%), white (30%), African American (25%), and
Asian-American (19%) women (p>0.001).26 However, other studies have not found
significant racial differences in U1.8-28 Also, FI does not appear to be associated with race.?’
It is worth noting that studies based on symptoms reported by women of different race may
be biased by culture-based differences in perceptions of symptoms.2°

Phase II: Inciting factors for pelvic floor disorders

The second phase of the Lifespan Model focuses on the impact of acquired risk factors, such
as obstetric events.

Severe and symptomatic POP is much more common in vaginally parous versus nulliparous
women.39-32 Among multiparous women, the increase is most dramatic with the first
birth.30:31 |n a cross-sectional study by Quiroz et al of women aged 40 years or older,
vaginal delivery (VD) increased the odds of prolapse to or beyond the hymen (OR 9.73), but
an additional VD was not associated with an increased odds.30 In contrast, delivery by
cesarean delivery (CD) was not associated with prolapse. Two additional epidemiologic
studies of parous women suggest a strong association between vaginal (versus cesarean)
delivery on the odds of prolapse later in life. In a study of over 1000 parous women 5-10
years from a first delivery, a history of one or more vaginal births was strongly associated
with pelvic organ prolapse to or beyond the hymen on physical examination (OR 5.6, 95%
confidence interval (Cl) 2.2-14.7).31 An association between vaginal delivery and prolapse
symptoms was also observed among primiparous Swedish women (20 years after one VD or
CD).32

Urinary incontinence, most notably SUI, is also strongly associated with vaginal
childbirth.31:33:34 |n a Swedish population of women 20 years from a single delivery,
vaginal delivery was associated with higher Ul severity (adjusted OR 1.68, 95% CI 1.40-
2.03) and bothersomeness of Ul (adjusted OR 1.85, 95% CI 1.42-2.39).34 In a cohort of
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women 5-10 years from first delivery,3! history of one or more vaginal births was
associated with significantly greater odds of SUI (OR 2.9, 95% CI 1.5-5.5) but not OAB
(OR 1.7, 95% CI 0.8-3.5). The impact of vaginal birth on Ul is most notable in the
immediate postpartum period. For example, in this same cohort study, severe SUI and OAB
symptoms were more common after VD than CD, but differences between these groups
decreased as time since childbirth increased.33

F1 also appears to be more common among vaginally parous women, although the impact of
vaginal delivery on risk of Fl is less dramatic than for other PFDs. Using data from the
Nurses’ Health Study, Townsend et al reported that the odds of liquid FI increased with each
pregnancy beginning with the first (OR 1.29, 1.66, 1.75, 1.74, and 1.84 for 1, 2, 3, 4,and 5
or more pregnancies, respectively).3® The authors hypothesized a cumulative effect of
multiple births on global pelvic floor dysfunction. However, other studies have suggested
that vaginal delivery (in the absence of a recognized sphincter laceration) does not appear to
increase risk of anal incontinence compared to cesarean delivery.36

Labor, in the absence of vaginal delivery, does not appear to modify the later development
of PFDs. Among women who have delivered exclusively by cesarean (i.e., across all their
births), the risk of PFD does not appear to be increased by a history of active labor or
complete cervical dilation prior to CD.31 In contrast, operative vaginal birth appears to be a
powerful risk factor for the development of PFDs. Compared with un-instrumented vaginal
delivery, operative delivery (by forceps or vacuum) significantly increases the odds for all
PFDs, with the highest increase for POP (OR 7.5, 95% CI 2.7-20.9).31

Unfortunately, in some studies the impact of childbirth on the later incidence of PFDs may
be influenced by recall bias. For instance, one study of parous women suggested that women
with symptoms of PFDs were more likely to report a history of anal sphincter laceration,
even if the medical record did not confirm a laceration (P=0.025).3” Thus, studies that rely
on participant recall may not accurately reflect the association between obstetric events and
development of PFDs.

Given the strong accumulating evidence of an association between vaginal birth and PFDs,
it is important to identify pathophysiologic mechanisms for the observed association. One
potential mechanism may be damage to the levator ani muscle (LAM). The work of
Delancey38-40 and Dietz#13 has done much to draw attention to the role of levator tears in
the development of PFDs. The LAM can be injured by stretch (overdistension, or
microtrauma) or avulsion (disruption of the muscle, or macrotrauma).** In a review by
Schwertner-Tiepelmann et al, the prevalence of LAM injuries was 13-36% in vaginally
parous women.*>

However, the prognosis after levator injury is uncertain. Imaging suggests that levator injury
may resolve over time.4647 \an Delft*8 found that the majority of levator avulsions
diagnosed at 3 months postpartum were not evident at 12 months (62%, 95% CI 41-79%).
Of thirty levator avulsions, 9 were persistent. Women with persistent evidence of avulsion
were more likely to have symptoms of PFD and weakened pelvic floor muscle strength.
While both levator avulsion and overdistension have been associated with reduced
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contractile function,** the fact that women with levator ani defects are still able to contract
the pelvic floor muscles may provide evidence that perhaps non-injured muscles are
compensating for injured muscles.4®

Even in the absence of levator injury, levator muscle dynamics may be impacted by
childbirth. On ultrasound, number of vaginal births has been associated with increased hiatal
area (p<0.001); the effect is most pronounced after the first vaginal birth.5 Changes in the
levator hiatus are also more likely to persist after VD than after pre-labor CD.%1 However,
regardless of delivery route, the levator hiatus remains more distensible after delivery
compared with measurements at 12 weeks gestation.>? Additionally, changes in the
appearance of vaginal fornices on MR imaging has been observed after delivery;52 this
suggests a possible role of paravaginal injury during delivery on subsequent development of
anterior vaginal wall prolapse.

As more information emerges about the incidence of levator injury, a critical question is
whether this obstetrical complication leads to PFDs. In a study of women delivered by
operative vaginal birth, LAM avulsion observed on 3D transperineal ultrasound was
associated with symptoms of prolapse (p=0.036) but not objective evidence of prolapse
(p=0.20).°3 Others have found that objective evidence of prolapse is more common among
those with levator ani muscle injury.#3 For example, among primiparous women 12 months
after delivery,* levator avulsion was associated with objective and subjective measures of
POP (OR 4.8, 95% CI 1.99-11.34).

Levator injury has been associated with persistent enlargement of the levator hiatus.*® This
may plausibly contribute to the development of prolapse. For example, the size of the genital
hiatus on physical examination (a proxy for the size of the levator hiatus®>>%) is a predictor
of worsening pelvic organ support over time.>’ Specifically, the odds for worsening support
over 12-18 months appears to be doubled among women with a genital hiatus greater than
or equal to 2 compared to those with a smaller genital hiatus (OR 2.36; 95% CI 1.03-5.43).
In another study, women with de novo SUI two days postpartum had higher levator hiatal
transverse diameter and area (p<0.05).%8 This suggest that the size of the levator hiatus may
be a risk factor for the development of PFDs.

Mechanism of injury

In a 3D computer model created from digitized cadaveric anatomy, investigators determined
that the nerves to the anal sphincter stretched during VD, beyond the 15% threshold known
to cause permanent damage in appendicular peripheral nerves.>® This model showed that
greater nerve strain occurred if the nerve fixation point was more proximal. The inferior
rectal branch was the most strained (35%), followed by the perineal nerve branch
innervating the anal sphincter (33%), then the branches to the posterior labia (15%) and
urethral sphincter (13%). Thus, neuropraxia is likely after vaginal birth, but the impact on
the later development of PFDs is not currently known.

Among women who deliver vaginally, maternal and fetal factors may influence the
probability of levator trauma and other obstetrical sequelae. One obvious fetal factor is birth
weight. Birth weight appears to be a risk factor for symptomatic POP.32 In one study of
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Swedish women (assessed by mailed symptom questionnaire), symptomatic POP increased
by 3% (OR 1.03; 95% CI 1.02-1.05) for each 100 g increase of infant weight. Short mothers
who were 160 cm or less and who delivered a child weighting 24000 g had a doubled
prevalence of symptomatic POP compared with short mothers with smaller babies (OR 2.06;
95% Cl 1.19-3.55).

The probability of obstetrical neuromuscular injuries may also be influenced by antepartum
accommodation to childbirth. In a recent editorial, Nygaard proposed a “bendy person toy”
analogy for vaginal childbirth.60 She proposed that the pelvic floor is a dynamic structure
that changes to accommaodate the fetal head. For instance, it has been shown that the levator
hiatus enlarges during pregnancy.® Recent studies using rat models found that pre-delivery,
there was a 21-37% increase in pelvic floor muscle fiber length,61 as additional sarcomeres
were added and collagen synthesis increased in intramuscular extracellular matrix.%2
Women who experience less levator enlargement may possibly be predisposed to injury;
smaller levator hiatal dimensions with voluntary contraction have been associated with
subsequent operative vaginal delivery or cesarean delivery.83 Additionally, greater first-
trimester elastase activity has been associated with uncomplicated spontaneous vaginal
delivery.81 Differences in adaptation during late pregnancy might contribute to differences
among women with respect to progress during labor and the occurrence of soft tissue trauma
with vaginal delivery.

Intervening factors for pelvic floor disorders

Age is known to be associated with the prevalence and severity for all PFDs. For example,
in a population-based cross-sectional study, Miedel et al asked 5489 women aged 30 to 79
years old with an intact uterus and no prior pelvic surgery to complete a survey using
validated questionnaires for symptomatic POP.64 They found age had an independent
significant association with symptomatic prolapse. Age was also an independent risk factor
for FI among participants in the U.S. National Health and Nutrition Examination Survey
2005-2010.27 Prevalence increased from 2.91% among 20 to 29 year old participants, to
16.16% among participants 70 years and older. Similarly, in the Nurses’ Health Study, the
reported prevalence of liquid or solid stool incontinence at least monthly increased from 9%
in women aged 62 to 64 years, to 17% in women aged 85 to 87 years.%°

Obesity appears to be a risk factor for symptoms of prolapse,32:66 although an association
with objective measures of prolapse is less clear. For example, in the SWEPOP study,32
symptomatic POP increased 3% with each unit increase of current body mass index (OR
1.03; 95% CI 1.01-1.05). Unfortunately, there was no objective measure of prolapse
severity in this study. In a clinical trial of a weight loss program,56 symptoms of POP were
recorded for 338 women at baseline and 6 months after a weight loss or educational
program. At baseline, a higher proportion of obese women reported feeling vaginal bulging
compared with overweight women (13% vs 0%, P<0.01), and of the obese women 9%
reported bothersome sensation of vaginal bulge. Unfortunately, at 6 months, there were no
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significant differences in improvement of self-reported bothersome prolapse symptoms in
women in the weight loss or the control group.

There is increasing evidence that obesity is a strong risk factor for the incidence and
progression of urinary and anal incontinence.33 In a mailed questionnaire to women
contemplating bariatric surgery, Chen et al determined that obese women had a fourfold risk
of Ul and twofold risk of Al compared with non-obese controls.8” The prevalence of at least
one PFD was 75% in the obese group, compared with 44% of the non-obese (p<0.0001). In
a longitudinal cohort study of parous women, obese women experienced a significantly
greater increase in Ul bother over time, compared to non-obese women.33 Thus, obesity is
not only a risk factor for incontinence but also appears to accelerate incontinence
progression over time.

Fortunately, either diet/exercise or bariatric surgery can reduce Ul. The investigators of the
Longitudinal Assessment of Bariatric Surgery 2 recently published their 3 year follow-up
data.%8 Prevalent Ul, defined as at least weekly Ul episodes, was 49.3% at baseline in the
women, 18.3% at 1 year (mean weight loss 29.5%), and 24.8% at 3 years. Similar optimistic
findings were reported by the investigators of the Program to Reduce Incontinence by Diet
and Exercise (PRIDE), even with modest weight loss defined as 5-10% of body weight.5°
Compared with a reference of participants who gained weight, the women who lost 5-10%
of their body weight were significantly more likely to experience reduction in Ul episodes
and were more likely to achieve at least a 70% reduction in the frequency of total and urge
Ul episodes. Similarly, women with liquid stool FI who lost at least 5 kg and/or increased
their dietary fiber intake had reduced FI frequency (p = 0.001 and p=0.05, respectively) at
up to 18 months follow-up.’°

Conclusion

The lifespan approach provides a conceptual framework for the interaction of causal factors
for PFDs over time.20 This is particularly true for understanding the role of childbirth, and
vaginal delivery in particular, in the development of single or multiple co-existing PFDs.
The complex interactions between pregnancy physiology, childbirth mechanics, obstetric
interventions, and predisposing factors (such as genetics) are still unclear. For instance,
while cesarean birth is associated with a lower incidence of PFD later in life, cesarean
section without labor does not completely protect a woman from developing PFDs3L;
moreover, while PFDs are highly prevalent among vaginally parous women, severe PFDs
are not universal among such women.

Recent studies have shown that the pelvic floor is a dynamic structure that adapts during
pregnancy and delivery by expanding the levator hiatus, increasing elastase activity, and
lengthening pelvic floor muscle fibers. Future studies with animal or imaging models will
provide even more insight into these mechanics. While the impact of childbirth on the
development of PFDs is clear, other inciting and intervening factors play a critical role.
Fortunately, not all women with obstetric risk factors develop symptomatic PFDs. Some
remain asymptomatic, others experience transient symptoms, and yet others develop
significant symptoms much later in life. Antenatal prediction of pelvic floor injury is not

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hallock and Handa

cu

Page 9

rrently feasible.”1.72 At the current time, the prevention and treatment of obesity is an

important component to PFD prevention. Other proposed primary and secondary prevention
strategies (such as elective cesarean section’3:74) may be based on insufficient evidence;
recommendations for intervention based on perceived risk should be balanced against risks

an

d costs.
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KEY POINTS
1. Pelvic floor disorders are highly prevalent among adult women.

2. Vaginal childbirth is strongly associated with the incidence of pelvic floor
disorders later in life.

3. Injury to the levator ani muscle, as well as functional changes in the muscle,
may result from vaginal birth and may contribute to the development of
incontinence and prolapse.

4. Prevention and treatment of obesity may reduce the burden of symptomatic
pelvic floor disorders.
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Figure 1.
Overlap of the prevalence of urinary incontinence (weekly or more), symptomatic pelvic

organ prolapse, and fecal incontinence (leaking monthly or more) in 714 symptomatic
women.

From Rortveit G, Subak LL, Thom DH, et al. Urinary Incontinence, Fecal Incontinence and
Pelvic Organ Prolapse in a Population-Based, Racially Diverse Cohort. Female Pelvic
Medicine & Reconstructive Surgery. 2010;16(5):278-283, with permission.
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Figure 2.
Model of the development of pelvic floor dysfunction in women.

From Bump RC, Norton P. Epidemiology and Natural History of Pelvic Floor Dysfunction.
Obstetrics and Gynecology Clinics of NA. 1998;25(4):723-746; with permission.
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Figure 3.
Graphical display of the life span model of pelvic floor function. This graph shows the

development of pelvic floor disorders across three phases of a woman’s life.

From DeLancey JOL, Low LK, Miller JM, Patel DA, Tumbarello JA. Graphic integration of
causal factors of pelvic floor disorders: an integrated life span model. American Journal of
Obstetrics and Gynecology. 2008;199:610.e1-.e5; with permission.
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Figure 4.

Clustering of obstetrical exposures in a population of 418 primiparous women who
delivered vaginally. ASLAC: anal sphincter laceration. OVD: operative vaginal delivery.
From Memon HU, Handa VL. Vaginal childbirth and pelvic floor disorders. Women's
Health. 2013;9(3):265-277; with permission.
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