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Abstract
Background  Cesarean delivery (CD), is increasingly recommended as a mode of delivery that prevents the anal incontinence 
(AI) that arises in some women after vaginal delivery (VD). The assessment of the efficacy of CD in this regard was the 
subject of this systematic review.
Methods  Searches were conducted in Medline, EMBASE and the Cochrane Library. Both randomized (RCTs) and non-
randomized trials (NRTs) comparing the risk of sustained fecal and/or flatus incontinence after VD or CD were sought 
from 1966 to 1 January, 2019. Studies were eligible if they assessed AI more than 6 months after birth, and had statistical 
adjustment for at least one of the three major confounders for AI: age, maternal weight or parity. In addition, each study 
was required to contain more than 250 participants, more than 50 CDs and more than 25 cases of AI. Data after screening 
and selection were abstracted and entered into Revman for meta-analysis. Analyses were done for combined fecal and flatus 
incontinence (comAI), fecal incontinence (FI), gas incontinence (GI), CD before or during labor, time trend of incontinence 
after delivery, assessment of both statistical and clinical heterogeneity, parity and late incident AI.
Results  Out of the 2526 titles and abstracts found, 24 eligible studies were analyzed, 23 NRTs and one RCT. These included 
women with 29,597 VDs and women with 6821 CDs. Among the primary outcomes, VD was found not to be a significant 
predictor of postpartum comAI compared to CD in 6 studies, incorporating 18,951 deliveries (OR = 0.74; 0.54–1.02). VD 
was also not a significant predictor of FI in 14 studies, incorporating 29,367 deliveries, (OR = 0.89; 0.76–1.05). VD was not 
a significant predictor of GI in six studies, incorporating 6724 deliveries (OR = 0.96; 0.79–1.18). The strength of the grading 
of recommendations, assessment, development and evaluations (GRADE) evidence for each of these was low for comAI and 
moderate for FI and GI (upgrade for lack of expected effect). Time trend FI showed incontinence at 3 months often resolved 
at 1 year. Other secondary analyses assessing parity, delayed incidence of FI, clinical and statistical heterogeneity, sponta-
neous VD only, late risk of incidence of AI, and CD in or prior to labor all had similar results as in the primary outcomes.
Conclusions  There are three components of pelvic floor dysfunction that are thought to be caused by VD and hopefully 
prevented by CD: AI, urinary incontinence and pelvic floor prolapse. Of these, AI was not found to be reliably prevented 
by CD in this review.

Keywords  Female · Humans · Pregnancy · Cesarean section · Delivery · Obstetric · Delivery · Obstetric/adverse effects · 
Fecal incontinence · Fecal incontinence/prevention and control · Flatulence · Flatulence/prevention and control

Introduction

Anal incontinence (AI) may occur in women during the 
immediate postpartum period and persist throughout adult 
life [1]. The impact of AI on the mother is dependence 
upon protective undergarments, social isolation, and, as 
age advances, nursing home residence [2, 3]. Because of 
the multiple facets of AI, ascertainment of prevalence has 
been complex compared to urinary incontinence (wet or not 
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wet), leading to a large variance in AI prevalence figures 
in published reports [2], varying from 1.4% to over 11% 
in healthy ambulatory populations and as much as 50% of 
nursing home residents [3].

The only intervention currently employed to prevent AI is 
Cesarean delivery (CD). CD may preserve maternal pelvic 
floor function by avoiding direct vaginal, sphincter and distal 
pelvic nerve trauma that might occur during vaginal deliv-
ery (VD). To assess the effectiveness of CD in this regard, 
studies in which women were either randomized to CD or 
VD [randomized controlled trials (RCTs)], or studies which 
compared cohorts or cross-sectional surveys of women 
having either CD or VD [non-randomized controlled trials 
(NRTs)], and in which they were investigated for the out-
come 6 months or more after pregnancy of AI, were sought. 
When possible, emergency CD was separated from elective 
CD in the analyses, spontaneous vaginal delivery (SVD) 
from operative vaginal delivery (OVD; forceps or suction 
extraction), prima-parous pregnancies separated from mul-
tiparous women, and CD women with prior or subsequent 
VD separated from women with only prior CD.

Materials and methods

Participants were women with a history of pregnancy and 
delivery of a live infant by VD (SVD or OVD) or CD (either 
electively or in labor as an emergency). Twin pregnancies 
were included in this review. Maternal postpartum gas 
incontinence (GI), fecal incontinence, (solid or liquid (FI), 
and combined GI and FI (comAI) are the primary outcomes. 
“AI” in this report refers to any one or all of these. The 
timing of the measurement of the outcome was limited to 
studies in which this assessment was done exclusively or 
predominantly more than 6 months after the index birth. 
This is because the outcome to be measured in this review is 
sustained incontinence rather than early dysfunction.

Further eligibility criteria for studies in this review 
include adjustment in the analyses for at least one of the 
known confounders of AI: maternal age, maternal obesity, 
and parity. There was a lower limit on the size of the cohorts 
in NRTs to 250 participants, at least 50 of whom had CD and 
at least 25 of whom had AI.

Medline, EMBASE and the Cochrane library central reg-
ister of controlled trials were searched from 1966 to January 
1, 2019. The search strategy is presented in the “Appendix”.

Reference lists and authors of relevant publications were 
also screened for potential studies. Data collection and anal-
yses were conducted in accordance with the Cochrane Hand-
book for Systematic Reviews of Interventions [4]. Titles and 
abstracts of all articles retrieved by the search were scanned 
by three authors. The full texts of all potentially eligible 
studies were retrieved. Again three authors examined the 

full text articles for compliance with the inclusion criteria 
and studies were selected for inclusion in the review. Study 
investigators were contacted if required to clarify study eli-
gibility or data. Disagreements as to study eligibility were 
resolved by discussion and consensus of the whole group. 
Data were extracted from eligible studies by three authors 
using a data extraction form designed by the authors and 
once again disagreements resolved by group discussion.

Included studies, all but one being NRTs, were assessed 
for risk of bias, including the following:

1	 a validated AI instrument was used to ascertain inconti-
nence,

2	 did AI occur before delivery or during pregnancy,
3	 adjustment for maternal age,
4	 adjustment for maternal obesity.
5	 adjustment for parity,
6	 analysis of emergency and elective CD separately (i.e., 

mothers in labor or not),
7	 timing of the assessment of outcomes after more than 

6 months post- partum, to assure that sustained inconti-
nence was being assessed.

8	 VD before or after a CD within the CD group
9	 All VD or VD without OVD compared to CD

In each included study, the odds ratio for incontinence 
was obtained from logistic regression and converted to the 
natural log of the odds ratios and confidence intervals to 
calculate the standard error, using the VD as the reference. 
These values were entered into Revman and meta-analyses 
were performed to obtain a combined effect for each com-
parison along with calculation of heterogeneity. Heteroge-
neity significance is defined as a Chi-square p ≤ 0.10 and/
or I2 > 50%.

When significant heterogeneity was found, it was 
explored for that outcome in subgroup analyses and clini-
cal review. If the primary outcome of sustained AI was not 
assessed, this study was excluded. If a three-way compari-
son was done between VD, CD and nulliparous women, and 
the reference in the logistic regression was for nulliparous 
women, this was also excluded [5], because direct compari-
son of VD and CD alone was not possible. There was one 
study that fulfilled every inclusion criterion, however, the 
participants had a known obstetrical anal sphincter injuries 
(OASIS) secondary to a VD before the index pregnancy. 
That study was excluded [6].

Random effects analyses were done for all comparisons 
due to clinical and/or statistical heterogeneity except in the 
comparison of VD vs. CD before or during labor, wherein 
neither applied, in which case a fixed effect analysis was 
done.

The following outcomes were assessed in comparisons 
of VD to CD:
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1	 comAI: Combined anal incontinence. This is a subgroup 
analysis of eligible studies, as are all the remaining com-
parisons. This comparison includes studies that reported 
sustained combined FI and/or GI.

2	 FI, the involuntary loss of solid and liquid stool.
3	 GI, the involuntary loss of gas.
4	 VD vs.CD, when the CD was done in women either 

before labor, or after labor had commenced.
5	 Time trend of FI in three different cohorts which were 

reported first early in the postpartum period and then 
again later on several occasions after delivery. Only 
a qualitative forest plot comparison is shown without 
quantitative meta-analysis.

6	 VD vs. CD after just a single pregnancy.
7	 VD vs. CD stratified by parity.
8	 Investigation of heterogeneity.
9	 Exclusion of SVD from analyses to examine the effect of 

All VD (including SVD and OVD) vs. CD.
10	 Exclusion of studies in which the postpartum period 

before incontinence was assessed was variable, and 
may have been less than 6 months in a minority of the 
women.

11	 Late incidence (not prevalence) of AI.

GRADE: The grade approach was used to classify the 
quality of evidence. GRADE can be upgraded from low 
in NRTs to moderate or high if there is an extreme effect 
(OR > 2.0, or < 0.5 for one step, and OR > 5.0 or < 0.2 
for two steps), a dose response effect (not relevant in this 
review), or when residual confounding is expected to reduce 
a demonstrated effect. Upgrading can also be done if a sig-
nificant effect is anticipated and when no significant effect 
is observed [7].

Results

The searches resulted in 2526 titles and abstracts. After 
removal of duplicates and screening of abstracts, 138 
titles were obtained in full text and reviewed for eligibility 
(Fig. 1). Of these, 24 fulfilled the eligibility requirements 
[8–31]. Eligible studies included 29,597 VD women and 
6281 CD women.

Primary Outcomes

VD was found not to be a significant risk factor for post-
partum comAI compared to CD in six studies [9–14], 
incorporating 18,951 deliveries (OR = 0.74; 0.54–1.02) 
(Fig. 2a) (for Blomquist, see below [8]). VD was also not 

a significant risk for FI in 14 studies [15, 16, 18, 20, 21, 
23, 25–31], incorporating 29,367 deliveries (OR = 0.89; 
0.76–1.05) (Fig. 2b). VD was not a significant risk for 
GI in 6 studies, incorporating 6724 deliveries (OR = 0.96; 
0.79–1.18) (Fig. 2c) [11, 15, 16, 18, 21, 25]. The forest 
plots show the natural log of the OR (log[OR]) with the 
standard error (SE) on the left and the OR and 95% confi-
dence intervals (CI) on the right of the graph. Study char-
acteristics are summarized in Table 1. If there was more 
than one name or citation in Column 1, that cohort was 
presented in more than one publication with a new first 
author or with varying duration since the index pregnancy 
or different outcomes reported. 

Fig. 1   Preferred reporting items for systematic reviews and meta-
analyses (PRISMA) flow diagram
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Further analyses

There was no difference in 3 studies with 6836 deliveries 
comparing risk of FI of VD vs. CD in labor or CD done 
before the onset of labor (subgroup differences p = 0.97, 
I2 = 0) [12, 17, 24].

Three cohorts presented follow-up assessment of FI at 
various times. In each case, the first comparison of VD to 
CD was 3 months postpartum. Assessment was then done 
again at 6 and 12 years in Mac [22–24], 1 and 4 years 
in Woolhouse [19, 31], and 2  years in Hannah (not an 
included study in the meta-analyses) [32, 33]. The 3-month 

Fig. 2   Primary outcomes a combined fecal incontinence and gas incontinence (comAI) see text for Bloomquist [8]. b Fecal incontinence, c gas 
incontinence. VD vaginal delivery, CD cesarian delivery
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assessment was outside the eligibility requirements for inclu-
sion in this review. Similarly, the 2-year assessment was not 
eligible for quantitative meta-analysis in Hannah, since 
there was no adjustment made for confounders in that study. 
Therefore, only a qualitative demonstration of the change in 
risk of incontinence over time since delivery comparing VD 
to CD is shown in Fig. 3 without quantitative meta-analysis.

There was no significant difference in FI in studies of 
mothers having only a single baby, at 6 months postpartum 
[18], 20 years postpartum [11], a variable length of time 
to incontinence assessment in [28] and 1 year postpartum 
[31] (OR = 0.91; 0.63–1.32).

There was no difference in FI detected in women in a 
Norwegian cohort of 11,071 women, the HUNT 3 cohort, 
with parity varying from 1, 2, or ≥ 3 deliveries (subgroup 
differences; p = 0.56, I2 = 0) [28].

Table 1   Characteristics of included studies

VD vaginal delivery, CD cesarean delivery, SVD spontaneous vaginal delivery, RCT​ randomized controlled trial, OASIS overt obstetrical anal 
sphincter injuries, Primip first baby

Author name and citation Participant contact method Fecal incontinence ascer-
tained how long after birth?

Did any members FOF the 
cd group have prior or later 
VD births

Was CD compared to all VD 
or spontaneous only VD

Abramov [15] Twin convention Twin 
sisters study

Variable, mean age 
47 years

Primip at index pregnancy All

Altman [16] Postal survey 10 years Primip at index pregnancy All
Blomquist [8] Clinic visit Continuous, enrolled 

5–10 years postpartem, 
followed 9 years.

Time and hazard ratios. 
Mean age at enrollment 
38.3 years.

CD Only SVD ref. and OVD

Burgio [18] Telephone 6 months Primip at index pregnancy All
Dolan [9] Post 20 years Primip at index pregnancy SVD
Fritel [10] Post 4 years Primip at index pregnancy SVD
Goldberg [20] Twin convention Mothers 

of twins study
Variable, median age 

37 years. Mean 7.6 years 
since twin delivery.

CD group: CD only by his-
tory in later pregnancies

All

Gyhagen [11] Post 20 years Only one delivery All
Handa [12] Clinic 5–10 years CD only All
Hutton [21] Clinic or home visit 

randomized trial to twin 
pregnancy

2 years Not stated All; RCT, randomized to VD

Lucasz [13] Post Variable, mean age 
57 years

CD only All

MacArthur [22–24] Post 3 months, 6 years and 
12 years

CD only SVD

MacLennan [25] Home visit Variable, mean age 
44.8 years

CD only SVD

McKinney [26] Not stated? Gynecology 
clinic?

Variable, mean age 
42.7 years

CD only All

Melville [27] Post Variable, mean age 
52.9 years, ages 
30–90 years

CD only SVD

Schei, Rommen [14, 28] Not stated (HUNT 3 health 
survey cohort)

Variable, ages 30–80 years. 
Assessment lasted 2 years 
after recruitment

CD only All minus OASIS

Varma [29] Not stated Variable, All age > 40 years CD only All
Volloyhaug [30] Post Variable, mean age 

47.3 years
CD only SVD

Woolhouse (Brown and 
Gartland) [17, 19, 31]

Post 3, 6,12, 18 months and 
4 years

Primip at index pregnancy SVD
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Heterogeneity

Significant statistical heterogeneity was detected in two 
meta-analyses: comAI (Fig. 2a) and FI assessment after 
women having only one baby. Exclusion of Schei et al. [14], 
from Fig. 2a resolved that heterogeneity, from p = 0.0001, 
I2 = 80% to p = 0.21, I2 = 31%. It is the largest study in this 
review. There were no methodological flaws found. The 
assessment of comAI was thorough but no validation of their 
questionnaire was cited. The protective effect of VD also 
became more apparent with this exclusion, from OR = 0.74; 
0.54–1.02 to OR = 0.65; 0.53–0.81. In comparison of women 
with only one pregnancy, exclusion of either Gyhagen [11] 
or Woolhouse [31] resolved the heterogeneity with opposite 
effects on the summary risk of FI.

This review has much clinical heterogeneity, from moth-
ers of twins [20, 21] to large variations in age groups [14, 
18] assessed and variations within exposure groups, in some 
cases separating CD in and before labor [12, 17, 24], and in 
some cases separating SVD from OVD. There is one study 
that stood out. This is a cohort that had incontinence assess-
ment 20 years after a first pregnancy with no subsequent 
pregnancies [11]. A question is raised as to whether events 
in that only pregnancy resulted in a decision to not get preg-
nant again and how this clinical heterogeneity might have 
influenced results. This study is heavily weighted in the 
comparisons of which it is part, not because of its size, but 
because of very narrow confidence intervals (Fig. 2a–c, and 
single delivery). Exclusion of this study had little effect on 
analyses Fig. 2a, c. However, compared to Fig. 2b, exclud-
ing [11], the mode of birth showed some difference in FI 
(OR = 0.98, 0.83–1.16). A similar difference is seen compar-
ing single deliveries with the exclusion of [11], (OR = 1.10; 

0.79–1.54). There is only this clinical difference reported 
and no methodological issues that separate this from others 
in the review.

Late incident FI

One publication looked at this problem from a different per-
spective [8]. It describes incident cases of AI, urinary incon-
tinence and pelvic organ prolapse, beginning with enrolling 
1528 participants from a single institution, 750 with CD, 565 
with SVD and 185 with OVD, 5–10 years after the index 
delivery of a first baby. Enrollees were matched for CD and 
VD and age at first delivery. Women with SVD were the 
reference with comparisons to comAI and OVD. This cohort 
was followed annually for 9 years after enrollment, with a 
fair amount of attrition during that time. Instead of ORs, the 
incident comAI risk is presented as time and hazard ratios, 
and so this study cannot be included in the above meta-anal-
yses. Adjustment was made for the three major confounders. 
The adjusted hazard ratio (HR) for AI = 0.77; 0.55–1.08, and 
for OVD = 1.70; 1.11–2.59. Parity, as in [28] was not found 
to be a significant risk for comAI comparing VD to CD.

Risk of bias

The risk of bias in each comparison is shown for each pri-
mary outcome with the forest plots (Fig. 2). A key for the 
color coding is present in Fig. 2a. In general, the risk of bias 
for all comparisons was low, due to the eligibility criteria. 
The one factor for which risk of bias is significant for all but 
2 studies was assessment of AI during pregnancy. This is a 
significant predictor of AI in the postpartum period [34]. 
No study adjusted for this in the logistic regression. In the 

Fig. 3   Time trend for patients with postpartum FI. The date after 
each dated author’s name from top to bottom of each cohort shows 
the duration of follow-up for that cohort, so 12 years for MacArthur, 

4 years for Woolhouse and 2 years for Hannah. Movement to the right 
indicates improving AI after 1 year. VD vaginal delivery, CD cesarian 
delivery
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studies for which a validated continence instrument was not 
used, the assessment of FI appeared to be thorough.

Assessment of AI more than 6 months after the index 
birth was both an eligibility criterion and a risk of bias fac-
tor. That is because it was decided to include certain stud-
ies which had unspecified and variable times of assessment 
[13–15, 20, 25–27, 29, 30]. There was evidence that the vast 
majority of these assessments were not carried out within 
6 months of birth. This is found from the age range and 
mean age of the participants, and other factors in Table 1.

Exclusion of these studies with variable AI assessment 
intervals in the meta-analyses shifted the odds ratio for 
comAI from 0.74 to 0.73, for FI from 0.89.to 0.93, and for 
GI from 0.90 to 0.91. The small shift of the ORs to the right 
for FI and GI may imply that a few assessments might have 
been done less than 6 months postpartum.

Seventeen studies grouped all types of VD (SVD and 
OVD) together, while 7 (besides [8]) separated SVD from 
OVD [9, 10, 23, 25, 27, 30, 31]. Exclusion of the SVD stud-
ies in the primary outcomes had very little effect on the sum-
mary statistic: for Fig. 2a, OR from 0.74 to 0.73, for Fig. 2b, 
OR 0.86 to 0.78, and for Fig. 2c, OR from 1.02 to 1.01.

Grade

Risk of bias as stated above was not serious in any compari-
son. Both statistical and clinical heterogeneity were detected 
in the review. The causes were investigated. Exclusion of 
studies found to be responsible resolved the heterogeneity 
and in most cases with minor alterations in the summary 
statistic of efficacy of CD. Indirectness was not a problem 
in these studies, nor was imprecision. A funnel plot shows 
no clear evidence of publication bias or small studies effect 
(since there were size thresholds as eligibility requirements). 
Therefore, for each of the primary outcomes, the GRADE 
was Low for comAI (down one for significant heterogeneity 
and up one for lack of expected effect), and Moderate for FI 
and GI, with upgrading due to the lack of the expected effect 
that CD had on AI risk.

Discussion

A meta-analysis of published reports [1] estimated that 
one- quarter (after 1 VD) to one-third (after multiple VDs) 
of women will have occult sphincter injury detected by 
ultrasound, though many did not have symptomatic AI. Of 
women with FI, in the Bayesian analysis it was found that 
77% (primip) to 89% (multip) had sphincter defects. The 
strength of these associations would seem to support sphinc-
ter injury as a causative mechanism for FI. For certain types 
of sphincter injuries that is not controversial such as an open 

tear requiring immediate repair (OASIS) or OVD [8]. How-
ever, three things are implied by this conclusion. The first 
is that women having VD, with this injury added to other 
risk factors, should have a much higher prevalence of AI 
than those in the population that have never had VD. There 
is scant epidemiological evidence that this is the case [3].

Second, it is implied that sphincter repair of an occult anal 
sphincter injury would be effective treatment for anal incon-
tinence for many women. Yet repair of a disrupted sphincter 
has less than a perfect track record. Even more importantly, 
there is a reported rapid decay in function after repair that is 
far too great to be explained by age alone [33–42].

Third, if direct trauma to the anal sphincter and its dis-
tal enervation (and not intra-pelvic nerves) were the major 
cause of AI, then CD should be highly effective in prevent-
ing incontinence. Based upon the first sentence of this dis-
cussion, the protection provided by CD over VD should 
be at least 50% and probably very much more. That is not 
approached in any of the comparisons in this review. One 
study with large weighting in the analyses had a statistically 
significant benefit for CD over VD for FI, and also possibly 
an important clinical heterogeneity [11]. In this study the OR 
(0.68) was still not in the extreme effect range.

CD is a life-saving procedure for many infants and moth-
ers. However, over the past decades there has been a lively 
debate concerning the health benefits of elective primary 
CD [43–53], in some cases known as Cesarean delivery on 
maternal request (CDMR) [54], or no indicated risk CD 
[55]. The diversity of opinion even among those most expert 
in the field is provided by a survey in London, wherein 31% 
of female obstetricians stated that they would elect to have 
a CDMR [51] although in Holland the figure among female 
obstetricians was only 1.4%. [56].

From 1994 to 2014, the rate of CD has more than doubled 
worldwide [57].

Many reasons are given for a woman choosing to have 
a CDMR. In Taiwan, timing of delivery to certain days of 
the week is associated with lifelong good fortune for the 
baby [58]. Women in Brazil believe that CD, a more aggres-
sive and sophisticated intervention, is better for the health 
of the baby, and that it is better medicine [59]. Socio-eco-
nomic status also correlates with CDMR rates in Brazil and 
Chile, where CD occurs more than twice as often in pri-
vate patients, exceeding 70% of all deliveries in wealthier 
classes [59–61]. However, the most common reason stated 
for CDMR is preservation of maternal pelvic floor function: 
continence of urine, feces, flatus, and prevention of pelvic 
floor prolapse [50, 53].

However, CD is also associated with a number of health 
risks when compared to VD, both to mother and infant. For 
the mother, the risk is that of abdominal surgery in general. 
A laparotomy would be repeated with each pregnancy, since 
most CDs are followed only with CDs. Bleeding, infection, 
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adhesions, prolonged hospital stay, transfusion, wound infec-
tion, bowel obstruction can all occur with abdominal surgery 
and are more likely with repeat operations. Also, repeated 
trauma to the uterus might cause rupture. For the child, 
problems may persist for years after CD, including asthma, 
obesity, food allergy and risk of many types of infection [62, 
63]. It is not clear whether the risk of these problems singly 
or cumulatively would approach the risk of pelvic floor dis-
orders with VD, and, for each type of disorder, how much 
CD alters that risk. The cost of CD has been increasing in 
part due to these added risks [64].

Other systematic reviews

Other reviews have been published, but not with the eli-
gibility limitations of this review [62, 63, 65–67]. Studies 
that have focused on urinary incontinence and pelvic floor 
prolapse have found that CD does have a significant pro-
tective effect over VD [9, 62, 68]. However, none of these 
systematic reviews have had inclusion of RCTs of average 
risk pregnancies, much less the exclusive inclusion of such 
studies, to do their meta-analyses. This includes this current 
review.

Randomized‑controlled trials

Mode of delivery is a very significant public health issue. 
CD rates in some countries exceed 50 per cent [57, 69]. 
That a randomized trial of average risk pregnancies has 
not yet been done suggests that such trials may not be done 
soon, if ever. Several reports have explored why this is the 
case [70–73], all suggesting that the clinical situation is 
too complex and that preconceived preferences and biases 
among both patients and doctors would make randomization 
nearly impossible. Yet 2 large RCTs have been done [21, 
33] in even more complex clinical situations:  breech pres-
entation and twin pregnancy. Both were large multicenter 
international studies centered in Canada. The first [33], the 
Term Breech Trial, randomized 2088 women and had an 
anticipated very large 56% crossover in delivery mode after 
randomization. No adjustment was made for confounders 
of AI in their analyses. It could, therefore, only be analyzed 
for maternal AI as treated in a previous systematic review 
[65]. In [21], the Twin Trial, the same authors recruited and 
randomized 2305 mothers of twins. The crossover rate was 
halved compared to the Term Breech Trial and adjustment 
was made for the three major confounders of AI. Therefore, 
it was included in this systematic review, despite being a 
methodological outlier. As the only RCT (deliveries were 
analyzed as randomized, not as treated), it was weighted 
only 6.6% in the meta-analyses. If it is excluded from the 

analysis of FI because of methodological heterogeneity, 
the shift is very small towards no protective effect of CD 
in Fig. 2b (OR = 0.91; 0.71–1.09). There are also 4 very 
small RCTs of women in preterm labor randomized to CD 
or expectant VD reported in a Cochrane review [74]. All 4 
studies were stopped because of difficulty in recruitment. 
Only 116 participants were analyzed. The recruitment for the 
Term Breech and Twin Trials is remarkable, some consents 
even being done during labor.

Conclusions

The last study described in the Results is one of the most 
interesting both in its conception and results. Bloomquist [8] 
specifically and uniquely looked at late incident AI beyond 
child bearing years. The other studies included in this review 
focused instead on prevalence of AI again mostly in women 
beyond child bearing years (Table 1).

One of the conundra of the demographics of AI in women 
is that AI is commonly thought to be associated with VD, 
yet there is no spike in prevalence of AI in the child bear-
ing years (Fig. 4). Rather the spike occurs, especially when 
women are compared to men, in middle age: 40–69. The 
survey in Fig. 4 [75], The National Health And Nutrition 
Examination Survey 2005–2006 (NHANES) measured FI 
as any involuntary loss of solid or liquid stool within the last 
30 days prior to their interview.

So who is at a relative increase in risk for AI? Certainly 
women with VD have a greater risk than women who have 
never been pregnant. But so do women who have had only 
had CD, when compared to nulliparous women [5, 25, 28], 
at a rate that is not significantly different from VD. Women 
who have AI during the third trimester are at increased risk 
of postpartum AI [34]. This has not been adequately inves-
tigated nor has adjustment for this been done in studies that 
had adjusted for other confounders. And women beyond 
their childbearing years are at increased risk when compared 
with men, but this difference is no longer apparent in the 
over 70 age group (Fig. 4).

The ORs and CIs of the analyses in this review do show 
a trend towards increased risk of AI after VD compared to 
CD, but again, not nearly of the magnitude anticipated by 
the sphincter injury literature. The HR for newly incident FI 
when comparing VD and CD was similar to those found in 
the meta-analyses [8]. Sphincter injury cannot be ignored, 
but other mechanisms must be considered such as trauma to 
pelvic nerves in the third trimester.

RCTs of women with average risk pregnancies and with 
adequate follow-up for AI would provide stronger evidence 
of these relationships. The term breech trial and twin trial 
both show that such RCTs are feasible [21, 32].
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Appendix

Search strategy for NEL103: cesarean delivery 
for the prevention of anal incontinence

Medline (Ovid) 1/1/2019

Search history 

	 1.	 exp Cesarean Section/
	 2.	 exp Delivery, obstetric/
	 3.	 [((cesarean or caesarean) adj section) or delivery or c? 

section or c-section].m_titl.
	 4.	 1 or 2 or 3
	 5.	 exp Fecal incontinence/
	 6.	 exp Urinary incontinence/
	 7.	 [(anal or fecal or urin*) adj incontinence].m_titl.
	 8.	 5 or 6 or 7
	 9.	 4 and 8
	10.	 randomized controlled trial.pt.
	11.	 controlled clinical trial.pt.
	12.	 randomized.ab.
	13.	 placebo.ab.

	14.	 clinical trial.sh.
	15.	 randomly.ab.
	16.	 trial.ti.
	17.	 10 or 11 or 12 or 13 or 14 or 15 or 16
	18.	 humans.sh.
	19.	 17 and 18
	20.	 exp epidemiology/or exp epidemiologic studies/or 

exp case–control studies/or exp cohort studies/or exp 
longitudinal studies/or exp retrospective studies/or exp 
cross-sectional studies/or intervention studies/

	21.	 (epidemiolog* or incidence or prevalence or case–
control or cohort* longitudinal or retrospectiv* cross-
sectional or intervention).mp.

	22.	 20 or 21
	23.	 19 or 22
	24.	 9 and 23

Embase (Ovid) 1/1/2019

Search history 

	 1.	 exp cesarean section/
	 2.	 exp delivery/
	 3.	 (((cesarean or caesarean) adj section) or delivery or c? 

section or c-section).m_titl.
	 4.	 1 or 2 or 3
	 5.	 exp feces incontinence/
	 6.	 exp urine incontinence/
	 7.	 ((anal or fecal or urin*) adj incontinence).m_titl.
	 8.	 5 or 6 or 7
	 9.	 4 and 8
	10.	 randomized controlled trial/
	11.	 randomization/

Fig. 4   Prevalence of fecal 
incontinence (not gas) in the 
USA 2005–2006 NHANES [75]
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	12.	 controlled study/
	13.	 multicenter study/
	14.	 phase 3 clinical trial/
	15.	 phase 4 clinical trial/
	16.	 double blind procedure/
	17.	 single blind procedure/
	18.	 ((singl* or doubl* or trebl* or tripl*) adj (blind* or 

mask*)).ti,ab.
	19.	 (random* or cross* over* or factorial* or placebo* or 

volunteer*).ti,ab
	20.	 15 or 12 or 16 or 18 or 11 or 17 or 13 or 10 or 19 or 14
	21.	 “human*”.ti,ab.
	22.	 (animal* or nonhuman*).ti,ab.
	23.	 22 and 21
	24.	 22 not 23
	25.	 20 not 24
	26.	 exp epidemiology/
	27.	 (epidemiolog* or incidence or prevalence or case–

control or cohort* longitudinal or retrospectiv* cross-
sectional or intervention).mp.

	28.	 26 or 27
	29.	 25 or 28
	30.	 9 and 29

Cochrane library 1.1.19

#1 MeSH descriptor Cesarean Section explode all trees #2 
MeSH descriptor Delivery, Obstetric explode all trees

#3 (((cesarean or caecarean) near section) or delivery or 
c? section or c-section):ti #4 (#1 OR #2 OR #3)

#5 MeSH descriptor Fecal Incontinence explode all trees 
#6 MeSH descriptor Urinary Incontinence explode all trees 
#7 ((anal or fecal or urin*) near incontinence):ti

#8 (#5 OR #6 OR #7)
#9 (#4 AND #8)
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