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Objectives: This study aimed to develop and internally validate a
nomogram that facilitates decision making between patient and physi-
cian by predicting a woman’s individual probability of developing uri-
nary (UI) or fecal incontinence (FI) after her first delivery.
Methods: This study used Childbirth and Pelvic Symptoms Study
data, which estimated the prevalence of postpartum UI and FI in pri-
miparous women after vaginal or cesarean delivery. Two models were
developed using antepartum variables, and 2 models were developed
using antepartum plus labor and delivery variables. Urinary inconti-
nence was defined by a response of leaking urine ‘‘sometimes’’ or
‘‘often’’ using the Medical, Epidemiological, and Social Aspects of
Aging Questionnaire. Fecal incontinence was defined as any involuntary
leakage of mucus, liquid, or solid stool using the Fecal Incontinence
Severity Index. Logistic regression models allowing nonlinear effects
were used and displayed as nomograms. Overall performance was
assessed using the Brier score (zero equals perfect model) and concor-
dance index (c-statistic).
Results: A total of 921 women enrolled in the Childbirth and Pelvic
Symptoms Study, and 759 (82%) were interviewed by telephone
6 months postpartum. Two antepartum models were generated, which
discriminated between women who will and will not develop UI (Brier
score = 0.19, c-statistic = 0.69) and FI (Brier score = 0.10, c-statistic =
0.67) at 6 months and 2 models were generated (Brier score = 0.18,
c-statistic= 0.68 and Brier score = 0.09, c-statistic = 0.68) for predicting
UI and FI, respectively, for use after labor and delivery.
Conclusions: These models yielded 4 nomograms that are accurate
for generating individualized prognostic estimates of postpartum UI and
FI and may facilitate decision making in the prevention of incontinence.
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Incontinence is recognized for its negative impact on a woman’s
quality of life with an estimated 16% experiencing urinary

incontinence (UI) and 9.0% experiencing fecal incontinence
(FI).1 Although data are more limited for FI than for UI, these
conditions share common risk factors, and accumulating epi-
demiologic evidence demonstrates that pregnancy and vaginal
delivery are 2 of the common risk factors.2Y5 Clinicians have
unfortunately not been able to identify patients at high risk for

developing incontinence until after delivery. Some of the rea-
sons for this are as follows: (1) there are currently no reliable
and valid tests to predict the development of UI and FI; (2) it is
difficult for clinicians to calculate risk in the presence of more
than one risk factor; and (3) when multiple risk factors are as-
sociated with a given outcome, associations alone do not give
insight into how these factors can be combined to provide the
most predictive potential.6 Furthermore, clinicians have been
reluctant to use odds ratios or relative risk at the bedside be-
cause they are often difficult for patients to understand and even
a strong association between a risk factor and an outcome (ie,
parity and incontinence) does not guarantee that the presence of
the risk factor accurately predicts the outcome.6

This difficulty in applying measures of risk to individual
patients limits clinicians from establishing preventative strategies.
Elective cesarean delivery, restrictive episiotomy use, or pelvic
muscle exercises after delivery are some of the examples of
strategies used to prevent postpartum pelvic floor disorders.4,7Y9

However, data supporting the routine use of many these strategies
are limited, and their effects are debatable.10 The ability to dem-
onstrate that these strategies are effective might be improved if
clinicians were able to more accurately identify targeted groups of
high-risk women rather than rely on routine population-based
approaches.10

One method to improve the clinician’s ability to identify
high-risk individuals is by creating a better clinical prediction tool.
An optimal clinical prediction model has 2 main characteristics:
(1) the ability to accurately predict the outcome of interest, with
the capacity to account for complex relationships among the data,
and (2) ease of use in the clinical setting.6 Predictive nomograms
have these characteristics and have been used in obstetrics to
predict success of vaginal birth after cesarean delivery.11,12 The
main benefits of nomograms are their ability to incorporate mul-
tiple risk factors simultaneously and display a continuous pre-
dicted probability. Moreover, nomograms do not require linear
effects. Despite the potential complexity of the underlying statis-
tics, nomograms present the final prediction model in a simple
interface for clinicians because each predictor variable is accorded
a number of points, which are then summated to yield a total
‘‘score’’ that is predictive of the outcome of interest.6 The objec-
tive of this study was to develop and internally validate easy-to-
use prediction models in the form of nomograms that predict a
woman’s individual probability of developing UI or FI after her
first delivery.

MATERIALS AND METHODS
Institutional review board approval was obtained for

this study. We used the publicly available data set located at:
https://www.pfdnetwork.org/Studies/CompletedStudies/CAPS/
PublicAccessFormsandData.aspx from the Pelvic Floor Disor-
ders Network Childbirth and Pelvic Symptoms Study (CAPS).
The details of this study have been previously published.13 The
primary aim of this prospective multicenter cohort study was to
estimate the prevalence of postpartum UI and FI in primiparous
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women who had an anal sphincter injury after vaginal delivery
compared with a control group without anal sphincter injury. A
secondary aim was to compare UI and FI between the vaginal
control group to a second control group of women undergoing
cesarean delivery without labor. Primiparous women with no
prior pregnancy beyond 20 weeks who were hospitalized be-
tween September 2002 and September 2004 were approached
after delivery.13 Eligible women were those who delivered a
single child at 37 or more weeks of gestation. Exclusion criteria
were inflammatory bowel disease (ulcerative colitis or Crohn
disease), self-reported prepregnancy FI or anorectal surgery,
and neurologic conditions predisposing to UI or FI.13

Recruitment to the CAPS study proceeded as follows: an
eligible woman with an anal sphincter tear (index case) was
approached for enrollment. If she declined, the next eligible
woman with a sphincter tear was approached until a woman in
this cohort was enrolled. Then, the next woman without an anal
sphincter tear (vaginal control) was identified and approached
for study participation. Women who planned a cesarean deliv-
ery without labor were also recruited for the CAPS study;
however, women who went into labor but underwent cesarean
delivery were not included. Because women having cesarean
delivery without labor were limited in number, each woman
eligible for this group was approached for enrollment.

After delivery, women were asked whether they experienced
UI before or during pregnancy. At 6 weeks and 6 months post-
partum, participants were interviewed by telephone by a centrally
trained research coordinator from each clinical site using vali-
dated questionnaires. For this study, the outcome was the pres-
ence or absence of UI or FI. Urinary incontinence was defined by
a response of leaking urine ‘‘sometimes’’ or ‘‘often’’ to any of the
Medical, Epidemiological, and Social Aspects of Aging Ques-
tionnaire (MESA) Questionnaire items (eg, Does sneezing cause
you to loose urine?).14 Fecal incontinence was defined as any
involuntary leakage of mucus, liquid, or solid stool over the last
month using the Fecal Incontinence Severity Index.15

Statistical models were created to take into account the risk
factors that predict the numerical probability of developing UI or
FI for a given set of patient characteristics. Relevant demographic,
historical, and labor and delivery (L&D) data were categorized as
predictors, whereas developing UI or FI (dichotomous yes/no)
was categorized as the outcome for each respective model. Pre-
dictors were selected based on the published literature and bio-
logic plausibility aswell as their availability in the available CAPS
data set.16 Two models were developed for predicting postpartum
UI and FI using only antepartum variables (antepartum models),
and 2 models were developed using antepartum as well as L&D
variables (antepartum plus L&D models). A priori, we identified
6 antepartum predictors of interest that werewithin the CAPS data
set includingmaternal age, race, prepregnancy UI, antepartumUI,
prepregnancy body mass index (BMI, in kilograms per meter
squared), predelivery BMI, and 7 L&D predictors including du-
ration of second stage of labor, mode of delivery, use of episiot-
omy, degree of perineal laceration, fetal birth weight, fetal head
circumference, and fetal head position at crowning. For patients
and clinicians to use the antepartum model to compare the risk
of UI and FI based on the patient’s planned mode of delivery,
we added the ‘‘planned mode of delivery’’ variable into the
antepartum model. Using actual mode of delivery data, we de-
termined that the patient’s planned mode of delivery was either
planned cesarean delivery, in which subject actually underwent an
elective cesarean delivery, or planned vaginal delivery, in which
subject did not receive elective cesarean delivery and proceeded
with attempted vaginal delivery but may have actually undergone
spontaneous vaginal delivery, or forceps-assisted or vacuum-

assisted delivery. Using these data, planned cesarean delivery or
planned vaginal delivery was inserted as a predictor into the
antepartum model to allow physicians to counsel patients before
going into labor.

We created 4 multivariable logistic regression models
(antepartum UI, antepartum FI, antepartum plus L&D UI, and
antepartum plus L&D FI) using the methods proposed by Harrell
et al.17 These methods are statistical approaches to internally and
unbiasedly validate statistical models using bootstrapping and
cross-validation, before using predictions in a new external data
series (external validation). In addition, we assumed that the as-
sociations between risk factors during pregnancy, L&D, and UI or
FI were possibly based on nonlinear relationships among each
other. Therefore, in contrast to common modeling techniques that
assume direct linear relationships between risk factors and out-
comes, linearity assumptions of continuous variables in the data
were relaxed using 3-knot restricted cubic splines.18 Overall per-
formance of each model was assessed using the Brier score with a
score of zero indicating a perfect model.19 The Brier score is a
quadratic scoring rule similar to the Pearson R2 statistic, where the
squared differences between actual binary outcomes Y and pre-
dictions p are calculated: (Yjp).19 The lower the distance be-
tween the actual and model predicted values, the more accurate
the model (ie, zero equals a perfect model). Internal validation of
the model consisted of 2 components: discrimination, or the
ability of the model to accurately discriminate between those with
and without UI or FI, and calibration, or the agreement between
the observed and the predicted outcomes. Discrimination was
quantified using the c-statistic, which is the area under the re-
ceiver operating characteristic curve for binary outcomes and
ranges from 0 to 1. A c-statistic of 0.5 would indicate that the
model has a prediction that is no different from chance. Ten-fold
cross-validation was done by a split-sample technique. The data
were randomly split into groups of 1 of 10 of the number of ob-
servations. One group was removed, and the model was built on
the reduced sample set, which is considered fixed. This fixed
model derived from the reduced datawas used to predict the group
of patients that was left out. Repeating this process, by leaving out
each group once, provided predictions for all patients in the
original cohort and hence a model performance index (c-statistic).
To protect against the influence of the random splits, cross-
validation was repeated a large number of times (in our case
1000 resamples), and the average of the 1000 indices was the bias-
corrected index. Reliability was assessed using calibration plots.
This was performed by grouping subjects into quintiles with re-
spect to their model-predicted probabilities of UI and FI and then
comparing the mean probability of UI or FI for each quintile with
the observed quintile-specific estimate of UI or FI. Again, cross-
validation was used to correct for optimism. All analyses and
nomogram construction were performed using R software, ver-
sion 2.12.0 (http://www.r-project.org).

RESULTS
A total of 921 women were enrolled in the CAPS study,

and 759 (82%) were interviewed by telephone 6 months post-
partum. Descriptive characteristics of the study population are
provided in the original study.13,16 In summary, mean (SD) age,
mean (SD) prepregnancy BMI, and race for the 3 cohorts were
as follows: sphincter tear group (n = 335), 28 (6) years, 25 (5)
kg/m2, 72.2% white, 16.4% black, 5.4% Asian, and 6% other;
vaginal control group (n = 319), 26 (6) years, 25 (5) kg/m2,
67.7% white, 23.5% black, 2.8% Asian, and 5.9% other; ce-
sarean control group (n = 105), 30 (7) years, 27 (7) kg/m2,
76.2% white, 15.2% black, 2.9% Asian, and 4.8% other.16 The
overall prevalence of UI 6 months after delivery was 237 (31%)
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of 759, and the prevalence of FI was 91 (12%) of 759. Vaginal
controls did not report incontinence symptoms significantly
more than cesarean controls at 6 months.13,16 Two antepartum
models were generated, which allowed for an accurate and
useful estimate of discriminating between women who will
and will not develop UI and FI before going into labor. The
model also allows for the patient and physician to determine
whether the risk of UI or FI changes by choosing a planned
mode of delivery. The antepartum UI model had a Brier score
of 0.19 (0 equals perfect model), c-statistic of 0.69, and the
antepartum FI model had a Brier score of 0.10, c-statistic of
0.67. When antepartum risk factors were combined with
L&D risk factors, the 2 models demonstrated a Brier score
of 0.18, c-statistic of 0.68 for predicting postpartum UI and
Brier score of 0.09, c-statistic of 0.68 for predicting postpartum
FI providing useful estimates of discriminating between women
who will and will not develop UI and FI after L&D. An example
of the antepartum FI nomogram is shown in Figure 1 (the
remaining 3 nomograms are provided as Appendices Figs. 3Y5).
A single Web-based risk calculator that can be used by clini-
cians was constructed incorporating each model and is located
at http://rcalc.ccf.org. Cross-validation demonstrated that the
nomograms are calibrated for low levels of predictive probability
(demonstrated in Fig. 2AYD).

Lastly, the nomograms’ predictive capability is illustrated
by the calculation of UI and FI 6 months after delivery for 4

hypothetical primiparous pregnant women. Table 1 presents the
characteristics of these women and the final predicted chance of
developing urinary or FI for each individual woman.

CONCLUSIONS
We have developed and internally validated a tool to predict a

woman’s individual probability of developing UI or FI after her
first delivery. The models predict with a concordance index be-
tween 0.67 and 0.69, and thus are not perfect, but are likely more
predictive than current methods of clinical judgment. The ideal
study population for development of a prediction nomogram is a
broad cohort from the general population. The CAPS study
matched 2 cohorts on the presence or absence of a risk factor
(ie, sphincter tear) for FI rather than sampling broadly from the
general population, which may have some impact on our models
predictive validity when applied to the general population. How-
ever, the prevalence of both types of incontinence was similar
among the vaginal control group and the elective cesarean group
in CAPS, and the prevalence of FI was similar to other studies.14Y17

Moreover, we inserted values from a recent large longitudinal
cohort of more than 1000 women 5 to 10 years after vaginal or
cesarean childbirth into our nomogram, and the predicted rates of
UI and FI from our model were within 3% for both types of in-
continence of actual values found in the population-based study.20

Although this does not take the place of external validation, it
should reassure users of the initial validity of the models, and

FIGURE 1. Example nomogram for probability of developing FI before L&D. For each clinical characteristic, find the number of points to
which it corresponds by drawing a line from the characteristic to the uppermost point scale. Total the points for each characteristic and then
draw a line from the ‘‘total points’’ scale to the ‘‘outcome probability’’ graphic to predict the probability of FI for the person under
consideration. Note the clinically unsuspected relationship between prepregnancy UI and FI, which is detected when the model is
optimized using nonlinear assumptions.
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external validation should be performed.21Y24 Furthermore, our
methods of nomogram construction with internal validation,
when applied in other diseases, have been validated using external
data sets despite the fact that these nomograms are also models of
data from single institutions.21Y24 These nomograms could help
augment clinicians’ and patients’decision making abilities in the
clinic or at the bedside and allow for an individualized prevention
strategy. The nomograms could also be used by researchers to
decide on inclusion criteria for a randomized trial or used for
confounder adjustment or case-mix adjustment in comparing an
outcome between centers.

It is important to note that viewing some of the risk factors
in isolation in the nomograms at first appears contrary to our
current clinical understanding of risk and incontinence. This is
because their relative scoring in the nomograms provides the
most optimal predictive accuracy of the model, and risk factors

listed may be correlated. So moving a patient’s risk on one axis
likely shifts her risk on another axis. Therefore, looking at each
risk factor (axis) in isolation is artificial.

Our nomograms suggest that, for most women, planning
an elective cesarean delivery has minimal impact on the devel-
opment of UI at 6 months but dramatically reduces the proba-
bility of having FI at 6 months. This may be due to a longer
onset of development or remission of UI over a women’s lifetime
compared with the more acute onset of FI after delivery. It may
also be that mode of delivery has an unclear impact on UI. De-
spite evidence that vaginal delivery is one of the major contrib-
uting factors to the development of UI and FI, cesarean delivery is
not entirely protective against pelvic floor disorders.13 Urinary
incontinence has been observed in nulliparous women, and many
multiparous women are continent and do not exhibit findings
suggesting pelvic floor damage.25Y27 Even so, many clinicians or

FIGURE 2. Nomogram calibration plots that include the 4 models using the predicted rates of UI and FI with the empirical probabilities of
UI and FI in the test set. A, Antepartum predictors of UI. B, Antepartum and L&D predictors of UI. C, Antepartum predictors of FI. D,
Antepartum and L&D predictors of FI. The reference line, which an ideal model would produce, is represented by the dotted diagonal line;
the apparent performance of eachmodel is represented by the small dotted line; and the actual performance of the bias-correctedmodel is
represented by the solid line.
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patients feel that having a cesarean delivery will prevent future
incontinence. Some studies argue that cesarean delivery confers
no benefit for subsequent FI, and 40% of women who delivered
by cesarean delivery report UI.28 This suggests that pregnancy in
and of itself may be a significant risk factor, irrespective of going
into labor or mode of delivery.29 Together, these data suggest that
women have a higher susceptibility to the development of in-
continence and pelvic floor dysfunction and that risk is more than
just events that occur around the time of delivery. Thus, it is clear
that if clinicians and patients want to improve the existing
methods of counseling patients solely using clinical judgment,
the use of accurate and validated tools such as these should im-
prove counseling.

Other researchers have created models that focus on indi-
vidualizing risk assessment in obstetrical care. Grobman et al11

demonstrated the development and validation of a nomogram to
predict vaginal delivery in patients with a previous cesarean
delivery. Similar to our nomograms, their model was accurate
(area under the curve, 0.75), based on prospectively collected
data, it allowed for predicting an individual’s risk rather than a
crude categorization of risk, and it incorporated antepartum data
allowing for counseling before L&D. Similar to Grobman et al,
our study chose to use logistic regression modeling because it is
simple and probably at least as accurate as alternative methods.

Our nomograms allow the clinician to take into account
only antepartum factors known before L&D to allow the patient
to compare her risk of developing UI and FI if she were to elect
one planned route of delivery over another. The second group of
models allows the patient to use their actual mode of delivery.
Because the mode of delivery is one modifiable risk factor, a
patient who is identified as ‘‘high risk’’ based on her and/or her
clinician’s threshold may prefer to undergo an elective cesarean
delivery in an effort to decrease her risk of developing incon-
tinence in the future. Likewise, a patient who has a different
threshold may decide that she is willing to accept her predicted
risk of incontinence and proceed with attempted vaginal deliv-
ery. The use of nomograms is consistent with patient-centered
care because it allows the individual to have the informa-
tion they need to make their own decision and choices. The
nomograms may also be used to make recommendations on
preventative therapy after delivery such as pelvic floor exercises
during the postpartum period. These exercises may help reha-
bilitate the pelvic floor after delivery during a period of recov-
ery. Knowing their individual risk will guide patients in their
decision regarding which preventive treatment is best for them.

Our models have important limitations. The nomograms
are not perfectly accurate. They merely improve on the existing
ability to predict postpartum incontinence. Unfortunately, our
current ability to counsel solely relies on clinical judgment;
thus, any improvement in accuracy is a step in providing the
best data to patients possible. In addition, the nomograms only
predict UI or FI 6 months after delivery. It is currently unclear
whether risk of UI decreases, stays the same, or increases be-
tween the immediate postpartum period through a woman’s life.
A longitudinal cohort study by Viktrup et al9 estimated the
prevalence of stress UI 12 years after delivery to be 42% with an
incidence of 30%. Moreover, the prevalence of incontinence
was significantly higher in women with onset of incontinence
during first pregnancy (56%) and in women with onset shortly
after delivery (78%).9 These data support our use of the CAPS
data for predicting incontinence 6 months after delivery and are
certainly better and more accurate than current practice, which
relies on an individual clinicans’ judgment or quoting popula-
tion averages for an individual. Future studies should investi-
gate whether longer-term data may change the predictive ability
of the models. Finally, the CAPS study did not include patients
who had cesarean delivery after a trial of labor. This is likely to
have minimal effect on our model because despite prior studies
suggesting that labored cesarean delivery is a risk factor for
incontinence compared with unlabored cesarean delivery,30Y33

recent studies have found no differences in incontinence from 1
to 10 years after elective cesarean, cesarean in labor, or cesarean
in the second stage of labor.20,34 It should also be noted that
although the addition of L&D variables changes the individual
risk for a patient, they did not substantially improve the accu-
racy of the models. This is not surprising given the heteroge-
neity of risk factors in the literature demonstrating associations
with UI and FI as well as the substantial prevalence of incon-
tinence in women who have elective cesarean deliveries. Al-
though the accuracy of prediction did not improve by adding
L&D factors into the model, we chose to provide these nomo-
grams because decisions regarding predictors should not be
made after seeing the data and these variables are readily
available to clinicians or researchers for future study. Addi-
tional limitations include the lack of available data on pre-
pregnancy FI and that the model only accounts for developing
the condition of incontinence, not other pelvic floor disorders
such as pelvic organ prolapse or sexual dysfunction. Moreover,
interventions aimed to prevent incontinence such as cesarean
delivery carry a substantial morbidity in the form of hemorrhage,

TABLE 1. Using All 4 of the Nomograms, This Table Demonstrates the Predicted Rates of Urinary and Fecal Incontinence 6Months
After First Delivery in 4 Hypothetical Patients

Predictors

Cases

1 2 3 4

Race White White White Asian
Urinary incontinence before pregnancy Never Never Rarely Rarely
Urinary incontinence during pregnancy Never Never Sometimes Sometimes
Prepregnancy BMI, kg/m2 23 23 23 23
Predelivery BMI 28 28 28 28
Maternal age 29 29 29 29
Planned mode of delivery Vaginal Cesarean Vaginal Vaginal
Probability of UI 6 months after delivery, % 15 15 45 70
95% confidence interval (10.31Y20.60) (4.16Y42.14) (29.58Y61.03) (45.14Y86.94)
Probability of FI 6 months after delivery, % 10 4 8 13
95% confidence interval (5.86Y15.41) (0.45Y26.48) (2.90Y22.12) (3.13Y39.55)
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venothromboembolic events, infection, wound dehiscence, and
prolonged hospitalization.35

We have developed and internally validated nomograms for
predicting incontinence after first delivery that are user friendly.
Their web-based application makes it accessible to physicians and
patients and easy to use in a clinical setting. The tool is accurate
and appears to provide an improvement over existing methods of
predicting risk for postpartum incontinence. This tool should be
useful for patient counseling, clinical trial design, and prevention
strategies. It is hoped that additional external validation will lead
to a greater willingness to use risk assessment as the basis for
intrapartum or postpartum treatment recommendations. An ac-
curate generation of individualized prognostic estimates of UI
and FI after delivery will facilitate patient counseling toward
an informed and autonomous decision and may lead to the pre-
vention of pelvic floor disorders.
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Appendices Figures

FIGURE 3. Nomogram for probability of developing UI before L&D.
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FIGURE 4. Nomogram for probability of developing UI after L&D. OP, occiput posterior.

Female Pelvic Medicine & Reconstructive Surgery & Volume 19, Number 2, March/April 2013 Predicting Postpartum UI and FI

* 2013 Lippincott Williams & Wilkins www.fpmrs.net 117

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



FIGURE 5. Nomogram for probability of developing FI after L&D. OP, occiput posterior.
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