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Abstract
Introduction and hypothesis Connective tissue disorders may contribute to pelvic floor disorders (PFDs). Like PFDs, abdominal
wall hernias are more common in patients with systemic connective tissue disorders. We conducted this study to explore the
possible association between PFDs and hernias in adult women.
Methods We obtained the data for this study from a study of PFDs among parous women. At enrollment, stress urinary
incontinence (SUI), overactive bladder (OAB), and anal incontinence (AI) were assessed using the Epidemiology of Prolapse
and Incontinence Questionnaire (EPIQ) and pelvic organ prolapse (POP) was assessed through the Pelvic Organ Prolapse
Quantification (POP-Q) examination. Participants were asked to report hernia surgery and list their hernia types. We compared
the prevalence of PFDs in those with and without hernias using chi-square test. We used multiple regression analysis to adjust for
obstetric and sociodemographic variables.
Results Among 1529 women, 79 (5.2%) reported history of hernia surgery. The prevalence of POPwas 7.6% (6 cases) vs. 7.4% (107
cases), the prevalence of SUI was 7.6% (6 cases) vs. 9.9% (144 cases), the prevalence of OABwas 7.6% (6 cases) vs. 5.7% (83 cases),
and the prevalence of AI was 7.6% (6 cases) vs. 10.8% (156 cases) in those with hernias compared to those without hernias,
respectively. None of these differences were statistically significant. There was no association between hernias and PFDs after
adjustment for type of delivery, number of deliveries, age group, primary racial background, weight category, and smoking status.
Conclusion In this study, we could not find any association between hernias and PFDs.

Keywords Hernia . Pelvic floor disorder . Stress urinary incontinence . Overactive bladder . Anal incontinence . Pelvic organ
prolapse

Introduction

Pelvic floor disorders (PFDs) are very common in the US and
worldwide [1]. They include bladder control problems such as
stress urinary incontinence (SUI) and overactive bladder
(OAB), anal incontinence (AI), and pelvic organ prolapse
(POP). A large cross-sectional study has found about a quarter
of all women and a third of older women in the US in 2005–
2006 had at least one PFD [1]. PFDs significantly affect a
woman’s qualify of life [2, 3], and they have substantial

surgical and ambulatory costs [4, 5]. Another large study in
the US has found a 20% lifetime risk of undergoing a surgery
for SUI or POP by the age of 80 years [6]. It is estimated that
the number of women in the US with at least one PFD will
increase by 55% in 2050 compared to 2010 [7]. Delivery
mode [8], parity, age, body mass index (BMI) [9], race [10],
and genetics [11] are some known risk factors for PFDs.
Connective tissue disorders are suggested as an etiology for
PFDs, such as SUI [12], AI [13], and POP [14]. The role of
connective tissue disorders in the pathophysiology of PFDs is
supported by studies that observed a higher prevalence of
PFDs in patients with systemic connective tissue disorders
[15, 16] and studies that observed changes in collagen content
and activity in patients with PFDs [17].

Undergoing a surgery to repair groin (inguinal and femo-
ral) or abdominal wall (umbilical and epigastric) hernias is a
very common surgical procedure in western countries [18,
19], and an incisional hernia is a common complication of a
laparotomy [20]. Male gender, conditions and activities that
increase intra-abdominal pressure such as chronic cough or
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type of work, age, lower BMI, race, genetics, and smoking
have been described as risk factors for developing hernias
[21–24]. Unlike PFDs, no association has been observed be-
tween multiple deliveries and inguinal hernias in women [25].
However, like PFDs, hernias are more common in patients
with systemic connective tissue disorders [26], and connective
tissue alterations are present in patients with hernias [27, 28].
Several studies have pointed out a commonality between the
etiology of hernias and PFDs [29].

We hypothesized PFDs and hernias may be associated be-
cause of a common etiology. We performed this study using
the data obtained from the Mothers’Outcomes After Delivery
(MOAD) cohort study to explore the possible association be-
tween PFDs and hernias in adult women.

Methods

This study was a secondary data analysis using data
from the MOAD cohort study. The MOAD study was
designed and conducted by researchers from the Johns
Hopkins University and the Greater Baltimore Medical
Center, and it was approved by the institutional review
boards at both institutions. Parous women, 5 to 10 years
after their first delivery, were recruited from October
2008 to December 2013 and followed up annually until
April 2017 [8]. Women who had delivered their first
child at Greater Baltimore Medical Center 5 to 10 years
before enrollment were eligible for that study.
Participants were identified using hospital discharge di-
agnoses, and eligibility was verified by reviewing hos-
pital charts and telephone interview. Exclusion criteria,
applied to the index birth, included maternal age < 15
or > 50 years at the time of the delivery, delivery at <
37 weeks of gestation, placenta previa, multiple gesta-
tion, known fetal congenital anomaly, stillbirth, prior
myomectomy, and abruption. Each eligible delivery
was classified as a vaginal delivery, unlabored cesarean
delivery (performed prior to the onset of active labor,
defined as regular contractions with cervical dilation ≥
3 cm), or labored cesarean delivery. Each eligible deliv-
ery was also classified by the participant’s age at deliv-
ery (organized into 5-year strata) and the number of
years from first delivery to recruitment (organized into
¼-year strata). The recruitment strategy was designed to
match participants across the three birth groups for age
at first delivery and years since first delivery. Eligible
participants within each stratum were randomly selected
for recruitment until the sample size was obtained [30].
Specifically, the study team contacted 4124 women who
were selected for this study; 52 of those were found to
be ineligible. Among the 4072 who were contacted and
eligible, 1529 enrolled.

PFDs, including SUI, OAB, AI, and POP, were
assessed at study enrollment. The self-administered
Ep i d em io l ogy o f P ro l ap s e and In con t i n enc e
Questionnaire (EPIQ) was used to detect SUI, OAB,
and AI. The EPIQ generates a score for each of these
disorders, where higher scores represent greater bother.
Participants with scores above the previously validated
thresholds for SUI, OAB, and AI were considered to
have the disorder [31]. A gynecologic examination at
the enrollment visit was performed to detect POP. The
gynecologic examination was performed by physicians
and a research nurse using the Pelvic Organ Prolapse
Quantification (POP-Q) system [32]. Those who per-
formed the gynecologic examination were not aware of
the questionnaire results. Participants with descent of
the most dependent point of the vaginal walls or the
cervix to or beyond the hymen during the Valsalva ma-
neuver were considered to have POP. History of hernia
surgery and type of hernia were self-reported using a
questionnaire.

We also included other obstetric and sociodemographic
variables in our analysis. Participants were categorized into
six groups based on type of their delivery: unlabored cesarean
delivery, labored cesarean delivery without full cervical dila-
tion, labored cesarean delivery with full cervical dilation,
spontaneous vaginal delivery, vaginal delivery with the use
of forceps, and vacuum-assisted vaginal delivery. It is hypoth-
esized the harm to the pelvic floor increases across these
groups [30], and women with multiple deliveries were placed
into a group based on the delivery that was potentially the
most harmful to the pelvic floor (e.g., participants with an
unlabored cesarean delivery and a spontaneous vaginal deliv-
ery were placed into the spontaneous vaginal delivery group).
Parity was categorized into three groups: one, two, and three
or more. Participants’ age at recruitment was categorized into
these tertiles: < 36.31 years, 36.31–41.04 years, and ≥
41.04 years. Primary racial background was categorized as:
white, African American, Asian, and other. BMI was calcu-
lated using the height and the weight measured at the enroll-
ment visit, and participants were categorized into three weight
categories, based on their BMI: < 25 kg/m2 (underweight or
normal), 25–29.9 kg/m2 (overweight), and ≥ 30 kg/m2

(obese). Cigarette smoking status was categorized as never
or ever, based on whether the participant reported smoking
at least 100 cigarettes in her life.

We used the chi-square test to compare binary and categor-
ical variables across groups, and we used logistic regression to
estimate odds ratios. We adjusted for potential confounders
using multiple logistic regression. P values < 0.05 and 95%
confidence intervals not containing the null value of 1 were
defined as statistically significant. All statistical analyses were
performed using Stata version 15 [33].
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Results

Among 1529 participants in the MOAD study, 79 (5.2%)
reported history of hernia surgery. This included 25 (32%)
inguinal or femoral hernias, 34 (43%) umbilical hernias, 12
(15%) incisional or ventral hernias, and 8 (10%) who did not
remember their type of hernia or had other types of hernias.

The EPIQ score for SI, OAB, and AI was above the thresh-
old in 150 (9.8%), 89 (5.8%), and 163 (10.7%) participants,
respectively, and 113 (7.4%) participants were identified to
have POP in gynecologic examination. Some women had
more than one PFD. Specifically, of those without history of
hernia surgery, 250 (17.21%) had one PFD, 74 (5.09%) had
two PFDs, 28 (1.93%) had three PFDs, and 2 (0.14%) had
four PFDs. Of those with history of hernia surgery, 13
(16.46%) had one PFD, 4 (5.06%) had two PFDs, and 1
(1.27%) had three PFDs. The study population characteristics
and the distribution of SI, OAB, and AI among participants
with and without history of hernia surgery are described
in Table 1. No differences were seen between women
with and without a history of hernia surgery except for
BMI (p value = 0.046).

The relative odds for each PFD associated with history of
hernia surgery are presented in Table 2. Estimates from
univariable and multivariable models are presented. We did
not find a statistical difference in the odds of any PFD among
those with history of hernia surgery compared to those without
such history. Odds ratios remained non-significant after
adjusting for type of delivery, number of deliveries, age group,
primary racial background, weight category, and smoking
status.

Given that these data suggest no significant associations
between hernia surgery and any of the PFDs considered, post
hoc power calculations were performed, using the observed
proportions of SI, OAB, AI, and POP in the non-hernia group
of 9.9%, 5.7%, 10.8%, and 7.4%, respectively. Assuming
these proportions and the observed sample sizes, this study
would have had 80% power a priori to detect an absolute
difference of 10.8%, 8.8%, 11.1%, and 9.7% in the proportion
of SI, OAB, AI, and POP between the non-hernia and hernia
groups, respectively. However, when incorporating the ob-
served proportion of 7.6% for each of the PFD types (SI,
OAB, AI, and POP) in the hernia group, the post hoc calcu-
lated power ranged from 5% to 17% across the four PFD
types.

Discussion

In this study, the results did not confirm our hypothesis. We
did not find any association between hernias and any of the
PFDs considered, including POP, SI, OAB, and AI. This find-
ing did not change after adjustment for type of delivery,

number of deliveries, age group, primary racial background,
weight category, and smoking status.

In contrast to our results, prior studies have suggested a
possible association. In a case-control study on 114 Turkish
women who underwent a surgery for different types of ab-
dominal wall hernias and 100 age-matched women (mean
age 50 years), researchers found an increased odds of SUI in
those with history of hernia surgery [34]. Using the Bristol
Female Lower Urinary Tract Symptoms Questionnaire to as-
sess incontinence symptoms, they found that 41.4% in the
hernia group complained of SUI at least weekly versus
19.7% among those without a hernia. Statistical significance
persisted after adjustment for BMI and gravity. In a retrospec-
tive case-control study on 60 Israeli women who underwent a
surgery for POP (mean age 63.6 years) and 60 age-matched
controls (mean age 58 years), researchers found a higher prev-
alence of prior surgery for inguinal hernia in those with POP
(15% versus 3%) [35]. The observed association remained
statistically significant after controlling for BMI and parity.
In addition, in a cross-sectional study on 1380 women, re-
searchers reported an increased odds of previous hernia sur-
gery among those who also underwent a surgery for POP and/
or incontinence surgery [36]. This study included women
aged 45–85 years. Previous hernia surgery was reported by
14/119 (12%) of those who also reported a history of surgery
for SUI or POP compared to 83/1261 (6.7%) of those without
a history of surgery for SUI or POP. Their study population
was comprised of mainly Caucasian women, and the odds
ratio was adjusted for age group, BMI group, and POP symp-
toms during pregnancy. In the present study on 1534 women
of multiple races and with different obstetric histories, we did
not find such associations after adjusting for type of delivery
and other potential confounders.

The present study has several strengths, including a rela-
tively large sample size, inclusion of different races, and use of
validated measures for PDFs. We used a validated symptom
questionnaire (EPIQ) and a structured examination to assess
PFDs. Another strength of this study is that obstetric risk
factors were extracted from hospital records rather than from
self-reported questionnaires.

Weaknesses of the present study include our definition of
hernia, narrow age range of participants, and low statistical
power based on the available sample size. With respect to
the definition of hernia, we only considered those participants
who reported a history of hernia surgery as having hernias;
however, there may be other participants with hernias who did
not seek treatment or participants who were unaware of hav-
ing a hernia. Earlier studies on this issue also either used
history of previous hernia surgery [34, 36] or did not explain
their diagnostic criteria [35]. Future research in this area
would be advanced by a valid hernia assessment that could
be implemented in clinical research. With respect to the age of
our population, the peak incidence of hernia surgery in US
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women is after 65 years [37]. In contrast, women in this study
were younger than 57 years. Therefore, our results are most

relevant to women who develop a hernia at a young age. On
one hand, this could limit the generalizability of our findings

Table 1 Baseline characteristics
of the study population by history
of hernia surgery

History of hernia surgery p value

No Yes
(n=1449) (n=79)

Stress incontinence 144 (9.9%) 6 (7.6%) 0.50

Overactive bladder 83 (5.7%) 6 (7.6%) 0.49

Anal incontinence 156 (10.8%) 6 (7.6%) 0.37

Prolapse to or beyond the hymen 107 (7.4%) 6 (7.6%) 0.95

Delivery group

Unlabored cesarean 259 (17.9%) 15 (19.0%) 0.35
Labored cesarean w/o 10 cm 314 (21.7%) 18 (22.8%)

Labored cesarean w/ 10 cm 162 (11.2%) 10 (12.7%)

Spontaneous vaginal 532 (36.7%) 33 (41.8%)

Vacuum and not forceps 80 (5.5%) 1 (1.3%)

Forceps and not vacuum 102 (7.0%) 2 (2.5%)

Number of deliveries

1 416 (28.7%) 19 (24.1%) 0.65
2 806 (55.6%) 46 (58.2%)

3 or more 227 (15.7%) 14 (17.7%)

Age group (years)

22.65—36.30 486 (33.5%) 25 (31.6%) 0.94
36.31—41.03 481 (33.2%) 27 (34.2%)

41.04—57.13 482 (33.3%) 27 (34.2%)

Primary racial background

White/Caucasian 1157 (79.9%) 65 (82.3%) 0.27
Black/African American 225 (15.5%) 14 (17.7%)

Asian 38 (2.6%) 0 (0.0%)

Other* 28 (1.9%) 0 (0.0%)

Weight category

Underweight or normal 651 (44.8%) 44 (55.7%) 0.046
Overweight 420 (28.9%) 13 (16.5%)

Obese 382 (26.3%) 22 (27.8%)

Smoking 462 (32.3%) 22 (27.8%) 0.41

*Among 28 women whose race is classified as “other”, 1 was Hawaiian native or Pacific Islander, 10 were
American Indian or Alaska native, and 17 provided descriptions that could not be classified in accordance with
racial categories required for NIH reporting

Table 2 Relative odds for each
pelvic floor disorder in the hernia
vs. non-hernia groups

Unadjusted model Adjusted* model

OR 95% CI p value OR 95% CI p value

Stress incontinence 0.74 (0.32 — 1.74) 0.497 0.75 (0.31— 1.80) 0.521

Overactive bladder 1.35 (0.57 — 3.20) 0.492 1.55 (0.63— 3.82) 0.339

Anal incontinence 0.68 (0.29 — 1.59) 0.375 0.71 (0.30— 1.69) 0.442

Prolapse to or beyond the hymen 1.03 (0.44 — 2.42) 0.946 1.15 (0.47— 2.82) 0.768

*Adjusted for type of delivery, number of deliveries, age group, primary racial background, weight category, and
smoking status
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to older populations. Alternatively, we speculate that an asso-
ciation between hernia and PFD would be strongest in young
women because women susceptible to both because of under-
lying connective tissue characteristics would have onset of
these conditions at a young age.

Despite potentially having a common etiology at the mo-
lecular or histologic level, the results of our study do not
support that hernias and PFDs are likely to occur concurrently.
This may indicate the higher importance of environmental risk
factors specific to these conditions (e.g., obstetrics risk factors
for PFDs or occupational risk factors for hernias) compared to
genetic predisposition.
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