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Background: Pregnancy and childbirth are the main causes of pelvic floor dysfunction (PFD). Although
pelvic floor muscle tension is typically measured at 42 days postpartum to assess the severity of PFD and
provide timely rehabilitation, it is still impossible to predict PFD and take targeted preventive measures in
clinical practice. A PFD prediction model based on big data obtained in prenatal check-ups was established
in this study to allow the formulation of personalized preventive strategies to reduce the incidence of PFD.
Methods: A total of 1,500 women who underwent regular prenatal checkups and examinations for PFD
at 42 days postpartum at the Zhuji Maternal and Child Health Hospital between May 2015 and May 2020
were selected. The data from 1,000 of them were selected as the training cohort, and the data from 500 of
them were used as the validation cohort. The women were divided into a PFD group and a non-PFD group
according to whether PFD was diagnosed at 42 days postpartum. A nomogram prediction model was created
using the influencing factors that lead to PFD, and the discrimination and calibration of the nomogram were
evaluated through internal and external validation.

Results: A total of 389 cases (38.9%) of PFD were included in the training cohort. Multivariate analysis
showed that age (odds ratio (OR) =1.896, P<0.001), history of childbirth (OR =4.531, P<0.001), history
of constipation (OR =2.475, P<0.001), urinary incontinence during pregnancy (OR =4.416, P<0.001), and
biparietal diameter at 32 weeks of gestation (OR =51.672, P=0.012) were independent influencing factors
of PFD at 42 days postpartum. These factors were used to establish a nomogram prediction model. This
prediction model maintained good discrimination between the training cohort and the external validation
cohort (the area under the curve was 0.893 and 0.842 for the training and validation cohorts, respectively).
Conclusions: The study validated that the nomogram prediction model based on the factors influencing
PFD can be used to predict PFD at 32 weeks of gestation for timely intervention and prevention of PFD.
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Introduction

The incidence of pelvic floor dysfunction (PFD) in the
adult female population is 10-58%, and pregnancy and
childbirth are the main risk factors for the reduction and
damage of pelvic floor function (1,2). Regardless of the
mode of delivery, pelvic floor function is impaired to some
extent, leading to varying degrees of PFD. PFD easily
leads to pelvic organ prolapse, stress urinary incontinence,
and chronic pelvic pain. At present, the pelvic floor
muscle tension measured at 42 days postpartum is often
used clinically to assess the presence of PFD so that
rehabilitation can be performed as early as possible to
restore pelvic floor function (3). The recovery of pelvic
floor function may be easy or difficult depending on the
severity of PFD. Therefore, the prediction of PFD and
the use of targeted measures to prevent its occurrence
are more beneficial than postpartum rehabilitation after
PFD occurs. Relevant information has shown that age,
parity, history of vaginal birth, body mass index (BMI),
constipation, smoking, fetal head circumference, and
overweight of the fetus are associated with the occurrence
of PFD (4-7). The effects of these factors on PFD
occurrence have been elucidated. However, few studies
have reported the prediction of postpartum PFD in women.
The discriminations of the nomograms established by
Jelovsek et al. to predict postpartum PFD were lower due
to the lack of big data support for prenatal ultrasound.
Artificial intelligence and big data research have undergone
a boom in the medical field in recent years, and their high
accuracy and efficiency have shown tremendous advantages
in medical diagnosis. Currently, the use of artificial
intelligence and big data in the diagnosis of cancers such as
breast cancer, lung cancer, and thyroid cancer has gradually
been recognized, and its accuracy in identifying benign and
malignant nodules in lung cancer screening has reached
74.3% (8-10). A nomogram PFD prediction model based
on the large amount of accumulated prenatal check-up data
was established in this study, with the aim of identifying
women at high risk for postpartum PFD through the
model and formulating personalized prevention strategies
as early as possible to effectively reduce the incidence of
PFD. We present the following article in accordance with
the TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-166).

© Annals of Palliative Medicine. All rights reserved.

Fu et al. Nomogram predicting postpartum pelvic floor dysfunction

Methods
Study subjects

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by
the Ethics Committee of the Zhuji Maternal and Child
Health Hospital. Individual consent for this retrospective
analysis was waived. The complete data of 1,500 pregnant
women who underwent regular prenatal check-ups and
examinations for PFD at 42 days postpartum at the Zhuji
Maternal and Child Health Hospital between May 2015
and May 2020 were collected. The inclusion criteria
were as follows: Women who (I) delivered healthy full-
term singletons at the age of 20-40 years and (II) had no
abnormalities of liver, kidney, heart, and cognitive functions
and no history of pelvic surgery. Data from the following
groups were excluded: (I) women with abnormal amniotic
fluid volume; (I) women with fetal growth restriction;
(III) women with fetal weight >4,000 g; (IV) women with
placental retention; and (V) women with prolonged labor or
dystocia. All data from the included pregnant women were
recorded, including height, weight, smoking history, history
of chronic cough, history of diabetes mellitus, history of
childbirth, history of constipation, and urinary incontinence
during pregnancy.

Fetal growth- and development-related ultrasound
examination

A GE Voluson E8 color Doppler ultrasound machine was
operated by a sonographer with more than 5 years of work
experience. The sonographer measured and recorded
the fetal biparietal diameter (BPD), head circumference,
femoral diaphysis length (FL) and abdominal circumference
(AC) (see Figure 1) at 32 weeks of gestation and
estimated the fetal weight using BPD, AC, and FL
(weight=1.07+BPD’+0.3*xAC*+FL).

Examination of pelvic floor function at 42 days postpartum

Electromyography (EMG) of the pelvic floor was performed
at 42 days postpartum using an MCD B2T standard
EMG biofeedback device (Nanjing Medlander Medical
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Figure 1 Ultrasound images at 32 weeks of gestation. Gray-scale ultrasound was utilized to measure biparietal diameter (BPD) and head
circumference (HC) (A), abdominal circumference (AC) (B), and femoral length (FL) (C). The BPD, HC, AC, and FL in the figure were 7.96,

29.85,29.24, and 6.06 cm, respectively.

Technology Co., Ltd., Nanjing, China). Each participant
was placed on an examination table in the lithotomy
position, and vaginal electrodes were placed in the vagina
and on the sacrococcygeal region. According to the voice
prompts of the software, the participant performed 60 s
of relaxation (pre-baseline), 5 rapid contractions (flick),
5 sustained contractions and relaxations (tonic), 60 s
of contraction (endurance), and 60 s of relaxation after
exercise (post-baseline). The muscle activity in each phase
was measured with EMG and by using a pressure curve,
and the relevant EMG parameters were automatically
recorded, including the mean value and variability of
myoelectric potential and other parameters in the pre-
baseline, flick, tonic, endurance, and post-baseline phases.
Scores were provided by the EMG biofeedback device for
each phase (see Figure S1); scores below 80 points did not
meet qualifications, and scores of 80 points or more were
considered qualified.

© Annals of Palliative Medicine. All rights reserved.

Study protocol

The medical records of 1,500 women were reviewed and
used to establish a database. They were randomly divided
into a training cohort (n=1,000) and a validation cohort
(n=500). According to whether PFD was diagnosed at
42 days postpartum, the patients in each cohort were
divided into a PFD group (with poor pelvic floor function)
and a non-PFD group (with normal pelvic floor function).
First, univariate and multivariate analyses were conducted
for the PFD group and the non-PFD group in the training
cohort to obtain independent predictors of postpartum PFD
at 32 weeks of gestation, and these predictors were used to
establish a prediction model. Second, the training cohort
data were used for internal validation of the discrimination
and calibration of the model. Finally, the verification cohort
was used for external validation to further confirm the
predictive value of the model (see Figure 2).
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Figure 2 Construction and verification of the pelvic floor dysfunction (PFD) prediction model.

Statistical analysis

SPSS 21.0, MedCalc 19, and R software (Windows version
3.6.2) were used for statistical analysis. Measurement data
are expressed as the mean = standard deviation, and count
data are expressed as the number of cases (percentage). The
t-test, chi-square test or Fisher’s exact test was used for
between-group comparisons. Multivariate logistic regression
analysis was performed on the variables with significant
differences in the univariate analysis. The performance
of the nomogram was internally and externally verified.
Discrimination was quantitatively analyzed using area under
the receiver operating characteristic (ROC) curve (AUC),
and calibration was assessed using the Hosmer-Lemeshow
test.

Results
Clinical data used for training and validation

In the training cohort, 389 women who were diagnosed

© Annals of Palliative Medicine. All rights reserved.

with PFD at 42 days postpartum were included in the PFD
group (the incidence rate of PFD was 38.9%), and the
remaining 611 women without PFD were included in the
non-PFD group. In the validation cohort, 196 women were
included in the PFD group (the incidence rate of PFD was
39.2%), and 304 women were included in the non-PFD
group. 1able 1 shows the clinical data of the women in the
training and validation cohorts. The basic clinical data of
the training and validation cohorts were not significantly

different (all P > 0.05; Table I).

Univariate and multivariate analysis of factors associated
with postpartum PFD

In the training cohort, maternal age, history of chronic
cough, diabetes mellitus, history of constipation, history
of childbirth, urinary incontinence during pregnancy, fetal
BPD at 32 weeks of gestation, and fetal weight at 32 weeks
of gestation were greater in the PFD group than in the
non-PFD group. Further multivariate analysis showed that
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Table 1 Clinical data of the women in the training and validation cohorts
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Indicator

Training cohort

Validation cohort

(31?5(1)'(')) grgluopnzr?:; 1) P'(:riggc;;]p Overall (n=500) NOHE:ISDOE;OUD P'(:nZ?;%L)jp
Age (years) 27.15+£3.77  26.22+3.43 29.03+3.87 27.26+4.13 25.97+3.93 28.77+4.51
Chronic cough, n (%) 106 (10.60) 56 (9.16) 50 (12.85) 54 (10.80) 26 (8.55) 28 (14.28)
History of diabetes mellitus, n (%) 25 (2.50) 13 (2.13) 12 (3.08) 13 (2.60) 7 (2.30) 6 (3.06)
ABMI (kg/m?) 5.69+0.27 4.87+0.11 6.95+0.31 5.67+0.23 4.32+0.18 6.88+0.37
Smoking history, n (%) 67 (6.70) 38 (6.22) 29 (7.46) 35 (7.00) 19 (6.25) 16 (8.16)
History of constipation, n (%) 128 (12.80) 73 (11.95) 55 (14.14) 65 (13.00) 32 (10.53) 33 (16.84)
History of childbirth, n (%) 323 (32.30) 182 (29.79) 141 (36.25) 161 (32.20) 93(30.59) 68 (34.69)
Urinary incontinence during pregnancy, n (%) 221 (22.10) 119 (19.48) 102 (26.22) 109 (21.80) 63 (20.72) 46 (23.47)
BPD at 32 weeks of gestation (cm) 8.11+0.37 7.99+0.36 8.74+0.42 8.09+0.45 8.02+0.39 8.58+0.72
Head circumference at 32 weeks of gestation 29.73+2.14 29.63+2.02 29.81+2.15 28.93+2.09 28.79+2.01 29.04+2.03
(cm)
Fetal weight at 32 weeks of gestation (kg) 1.63+0.072 1.59+0.053 1.68+0.032 1.62+0.063 1.60+0.473 1.73+0.528
Abdominal circumference at 32 weeks of 26.21+2.74 26.70+2.12 26.64+3.12 26.43+2.31 27.02+2.19 27.23+2.55

gestation (cm)

None of the indicators were significantly different between the training and validation cohorts (all P>0.05). PFD, pelvic floor dysfunction;
BMI, body mass index; BPD, biparietal diameter.

Table 2 Univariate and multivariate logistic regression analyses of factors influencing postpartum pelvic floor dysfunction (PFD)

Univariate analysis Multivariate analysis

Factor

P OR 95% Cl P OR 95% ClI
Age <0.001 1.795 1.419-2.271 <0.001  1.896 1.559-2.307
Chronic cough 0.086  2.009 1.619-2.492 0.521 1.191 0.958-1.480
History of diabetes mellitus 0.034  2.941 2.366-7.656 0.522  2.327 0.872-3.893
ABMI 0.101 1.109 0.892-1.379
History of smoking 0.752 1.003 0.807-1.247
History of constipation <0.001 1.492 1.201-1.855 <0.001  3.475 1.187-14.833
History of childbirth <0.001  4.237 3.409-5.267 <0.001  4.531 1.317-35.324
Urinary incontinence during pregnancy <0.001  4.296 1.385-22.702 <0.001 6.416 1.655-29.764
BPD at 32 weeks of gestation <0.001 51.872 9.506-327.327 0.012 51.672 8.970-293.761
Head circumference at 32 weeks of gestation 0.066  11.069 0.960-108.329
Fetal weight at 32 weeks of gestation 0.015 42,937  1.534-1206.137 0.702 33.629 0.812-1394.511
Abdominal circumference at 32 weeks of gestation 0.237 8.007 0.927-69.252

BMI, body mass index; BPD, biparietal diameter; OR, odds ratio; Cl, confidence interval.
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Figure 3 The nomogram for predicting the risk of pelvic floor dysfunction (PFD) at 42 days postpartum. BPD, biparietal diameter.

age [odds ratio (OR) =1.896, P<0.001], history of childbirth
(OR =4.531, P<0.001), history of constipation (OR =3.475,
P<0.001), urinary incontinence during pregnancy (OR
=6.416, P<0.01), and BPD at 32 weeks of gestation (OR
=51.672, P=0.012) were independent predictors of PFD at
42 days postpartum (Tuble 2).

Establishment of a postpartum PFD risk prediction model

Based on the results in Table 2, 5 variables, including age,
history of childbirth, history of constipation, urinary
incontinence during pregnancy, and BPD at 32 weeks
of gestation were eventually included in the nomogram
prediction model. Each predictor variable is assigned
a specific number on a scale from 0 to 100 points. By
calculating the total score and positioning it on the total
score scale, the incidence of PFD at 42 days postpartum can
be predicted (Figure 3).

Validation of the postpartum PFD risk prediction model

The AUC of the nomogram based on the training cohort
was 0.893 [95% confidence interval (CI): 0.814-0.991],
showing good discrimination (>0.75) (Figure 44). The
calibration test showed no significant deviation (x’=9.028,
P=0.340, Hosmer-Lemeshow test), indicating that the
predicted incidence of PFD at 42 days postpartum was
well correlated with the actual observation. To validate the
effectiveness of the nomogram, an external validation cohort

© Annals of Palliative Medicine. All rights reserved.

consisting of the data of 500 women, 39.2% of whom had
PFD, was used. Analysis of the nomogram predictions
showed that the AUC generated by the external validation
data was 0.842 (95% CI: 0.793-0.857), which proved that
the nomogram also had good discrimination ability in the
validation cohort (Figure 4B).

Discussion

Big data collected at prenatal check-ups were analyzed
in this study. The results show that age, history of
childbirth, history of constipation, urinary incontinence
during pregnancy, and BPD at 32 weeks of gestation
were independent factors influencing postpartum PFD. A
postpartum PFD prediction model based on these factors
can accurately predict the incidence of PFD at 42 days
postpartum, allowing individualized preventive measures to
be formulated for women at high risk for postpartum PFD
to prevent or reduce the severity of PFD.

PFD can adversely affect women’s daily life, sexual
life, and quality of life. The pathogenesis of PFD remains
unclear. Risk factors for PFD include pregnancy, childbirth,
age, and estrogen levels, among which pregnancy and
childbirth are the most important factors (11-15).
Rehabilitation after the occurrence of PFD often does
not achieve the most satisfactory effect, and appropriate
guidance and close follow-up are indispensable for achieving
effective therapy (16,17). Therefore, it is necessary to
identify pregnant women with a high risk of PFD in
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Figure 4 Area under the receiver operating characteristic (ROC) curve of the risk prediction model for pelvic floor dysfunction (PFD) at

42 days postpartum. The internal and external validation of the model were shown on (A) and (B), respectively.

advance and formulate personalized preventive measures to
prevent PFD. Studies have shown that pelvic floor muscle
training before 32 weeks of gestation can effectively prevent
the occurrence of PFD (18), and the 32nd gestational week
is one of the time points for routine prenatal check-ups in
China. Therefore, we chose to measure and collect various
indicators at 32 weeks of pregnancy.

Age, history of childbirth, history of constipation, urinary
incontinence during pregnancy, and BPD at 32 weeks of
gestation are common factors that influence postpartum
PFD. Our study showed that the older a pregnant woman
is, the greater her probability of developing postpartum
PFD. This finding is similar to that of Chen ez 4/. (19) and
may be explained by the decrease in the ratio of muscle fiber
to connective tissue and in muscle strength with increasing
age. A history of childbirth is a recognized risk factor for
PFD (20). This is because childbirth inevitably compromises
pelvic floor function, regardless of the mode of delivery,
due to the continuous pulling of the pelvic floor tissue by
the gravity of the uterus during pregnancy, the effects of
various hormones on connective tissue metabolism, and
the backward posture of pregnant women while standing.
A second childbirth is more likely to cause some degree of
PFD. Constipation is another recognized factor that easily
leads to postpartum PFD. Long-term constipation can
lead to dry and hard stools, and abdominal force during
defecation generates repeated and persistent pressure on
the pelvic floor muscles, resulting in an increased risk of
PFD (21). Urinary incontinence during pregnancy is
the biggest factor affecting PFD at 42 days postpartum
compared with the history of childbirth and constipation.

© Annals of Palliative Medicine. All rights reserved.

The risk of developing PFD at 42 days postpartum is 4.416
times higher among women with urinary incontinence
during pregnancy than among women without urinary
incontinence during pregnancy. Be et 4/. and Barbosa ez al.
reported that the pelvic floor muscle strength of pregnant
women with urinary incontinence during pregnancy
was higher than that of pregnant women with urinary
incontinence during pregnancy, suggesting that pelvic floor
muscle strength is associated with the mechanism of urinary
continence, which is similar to the conclusion of this study
(22,23). Fetal BPD is clearly an important factor influencing
PFD. The greater the fetal BPD, the greater the pressure
on the pelvic floor muscles and the more significant the
decrease in muscle tension. When the fetal BPD is too
large, it can damage or even destroy the pelvic floor muscles
or ligaments and reduce the blood supply to the pelvic floor
muscles, thereby leading to PFD (24). It is worth noting
that the multivariate analysis in this study showed that fetal
weight at 32 weeks of gestation was not an independent
factor influencing the occurrence of PFD. The possible
reason is that besides BPD, the estimation of fetal weight
is affected by HL and AC as well, leading to unobvious
changes.

In this study, the nomogram prediction model established
using these factors maintained good discrimination in
the training cohort and the external validation cohort. As
a statistical graphic prediction tool, the nomogram can
transform the complex regression equation into a visual
graph, making the results of the prediction model more
readable; additionally, the nomogram is intuitive and easy
to understand. It has higher accuracy than traditional
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staging criteria in the prediction of disease incidence and
survival prognosis (25). The nomogram scores the impact
of each influencing factor based on the contribution of
each influencing factor to the dependent variable in the
regression model and then calculates a total score that
provides an individualized prediction. Since all predictive
indicators can be obtained during prenatal check-ups, the
method proposed in this study is highly applicable in the
clinical environment. In the future, clinicians can input
the relevant indicators at 32 weeks of gestation into a
prediction model to assess the risk of postpartum PFD, and
the results can be used as a reference to determine whether
preventive measures should be taken in advance or to assess
the effectiveness of pelvic floor muscle training during
pregnancy.

The model parameters in this study are easy to obtain
and use in clinical practice. The established prediction
model has high accuracy and goodness of fit and can
theoretically be used to provide clinical guidance. However,
this study has certain limitations. First, this study is a single-
center, retrospective study. Inherent selection bias cannot be
avoided. For example, certain indicators, such as the history
of constipation, may lose their predictive value due to recall
bias or unclear definitions. Second, some variables that
might affect the occurrence of PFD were not included in
the prediction model. Therefore, it is necessary to further
optimize the prediction model through multicenter and
large-sample data in future studies.

In summary, the risk of PFD was quantified in this study
using a nomogram prediction model based on the big data
of prenatal ultrasound at 32 weeks of pregnancy. It permits
preventive and early treatment for pregnant women at high
risk for postpartum PFD, which is more beneficial than
postpartum rehabilitation after PFD occurs.
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Supplementary

Total point 54.6
Pelvic floor muscle electromyography:
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Figure S1 Representative electromyography of pelvic floor dysfunction (PFD). The patient had a score of 54.6 at 42 days postpartum,
suggesting PFD.
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