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Abstract
Background: Cesarean delivery after failure of trial of labor is associated with adverse maternal and
perinatal outcomes. A prediction algorithm to identify women with high risk of an emergency cesarean
could help reduce morbidity and mortality associated with labor. The objective of the present study was
to derive and validate a simple model to predict cesarean delivery for low-risk nulliparous women in
Chinese population.

Methods: This retrospective study analyzed the low-risk nulliparous women with singleton cephalic full-
term fetus delivered in two medical centers. After the clinical data of the women who delivered at the
tertiary referral center (n=6 551) was collected and was used univariate and multivariable logistic
regression analysis, the prediction model was �tted. We performed external validation using data from
nulliparous who delivered from another hospital(secondary referral center, n=7 657). A new nomogram
was established based on the development cohort to predict the cesarean. The ROC curve, calibration plot
and decision curve analysis were used to assess the predictive performance.

Results: The cesarean delivery rates in the development cohort and the external validation cohort were
8.79% (576/6 551) and 7.82% (599/7 657). Multivariable logistic regression analysis showed that
maternal age, height, BMI, weight gained during pregnancy, gestational age, induction method,
meconium-stained amniotic �uid and neonatal sex were independent factors affecting cesarean
outcome. Because sex of the fetuses were unknown until they born(China's Fertility Policy), we
established two prediction models according to fetal sex was involved or not. The AUC was 0.782 and
0.774, respectively. The Hosmer-Lemeshow goodness-of-�t test showed that these two models �tted well.
Decision curve analysis demonstrated that the models were clinically useful. And internal validation
using Bootstrap method showed that these prediction models perform well. On the external validation set,
the AUC were 0.775 and 0.775, respectively. The calibration plots for the probability of cesarean showed a
good correlation. The online web server was constructed based on the nomogram for convenient clinical
use.

Conclusions: Both two models established by these factors have good prediction e�ciency and high
accuracy, which can provide the reference for clinicians to guide pregnant women to choose an
appropriate delivery mode. 

Background
Cesarean is a life-saving surgical procedure within the obstetric domain. However, it may have risks for
subsequent pregnancies as well as long-term effects that are still undertaking research[1–3]. With the
development of urbanization, the relaxation of the one-child policy and the introduction of the universal
two-child policy in China, a growing number of pregnant women are using the Internet to obtain for
medical information about pregnancy and childbirth. It lets them realize the disadvantages and risks of
cesarean section, they are more willing to deliver vaginally[4, 5]. Sometimes spontaneous vaginal delivery
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doesn't go so well, and pregnancies have to undergo the emergency operation. And yet, maternal and
perinatal complications are higher when a failed trial of labor results in an emergency cesarean delivery.
Arduous birth experience could impose life-long negative effects and have an unpleasant procedure on
the life of the mother, child, family, clinic, and society[6, 7]. In the era of foreseeable medicine, a prediction
algorithm to determine women at risk of an emergency cesarean could help reduced labor associated
morbidity and mortality.

Currently, several published models studied on prediction of cesarean delivery were mostly focused on
the white populations[8–12], whereas the data of the majority of Han ethnic backgrounds of the Chinese
population are insu�cient. To date, China lacks the relevant researches, and there is limited empirical
evidence and clinical experience reported.

Therefore, the objective of our study was to derive and validate a clinical prediction model of cesarean
delivery for nulliparous women in low-risk at term. The use of calculators may give physicians an
evidence-based tool to assist with patient counseling and to provide individualized guidance of delivery
mode.

Methods
Participants

This retrospective study was conducted in the Department of Obstetrics and Gynecology of The First
A�liated Hospital of Soochow University (tertiary referral center, hospital 1 ) and (secondary referral
center, hospital 2 ). For the development cohort, we used data from hospital 1 between January 1, 2011
and August 31, 2017. External validation sampled from hospital 2 between January 1, 2013 to December
31, 2019. Institutional Review Board approval by these two hospitals was obtained for the study waiving
informed consent for this retrospective study. Methods and reporting guidelines were followed by the
TRIPOD (Transparent Reporting of a multivariable prediction model for Individual Prognosis Or
Diagnosis) statement[13] (Additional �les 1).

Inclusion and exclusion criteria

Low-risk pregnancy nulliparous women undergoing the labor with singleton, term(37 0/7 weeks of
gestation or greater) and cephalic pregnancies were recruited. Exclusion criteria were as follows:

(1) Women had complications during pregnancy(e.g., cardiac failure, severe liver and kidney diseases,
hypertensive disorders of pregnancy, diabetes, oligohydramnios, placenta previa, vasa previa and fetal
growth restriction);

(2) Women had a scarred uterus(e.g., myomectomy);

(3) Women had contraindications to vaginal delivery;
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(4) Women with the cesarean delivery on maternal request.

The pregnant women who meet the criteria were divided into the emergency cesarean delivery group and
the vaginal delivery group according to their delivery modes.

Data collection

Data on maternal characteristics and perinatal parameters were collected from the institution’s obstetrics
database, which was obtained by the patient’s medical record review.

Characteristics

The outcome of interest was de�ned as cesarean delivery. A cesarean delivery was performed if there
was fetal distress, arrested active phase, prolonged latent phase, prolonged second stage, arrested
descent, fever indicating chorioamnionitis, and other medical indications, such as threatened uterine
rupture. It is worth noting that we only collected the major indications. The candidate predictor variables
had to be easily accessible through characteristics’ data. To identify predictor variables, a systematic
review of the literature was conducted[8-12, 14-16]. The following variables were recorded: maternal age,
height, weight, baseline body mass index (BMI), weight change during pregnancy, gestational age at
delivery, premature rupture of membranes (PROM), epidural analgesia, meconium-stained amniotic �uid,
induction methods(oxytocin, amniotomy, disposable cervical dilator balloon, prostaglandin(Propess or
Misoprostol)), neonatal sex, and neonatal birth weight.

Operational de�nitions

The relevant guidelines[17, 18] were used to determine cesarean delivery indications such as arrest of
descent and a prolonged second stage of labor. BMI was calculated as weight (kg)/[height (m)]2.
Baseline BMI was de�ned as pre-pregnancy BMI. Gestational age was calculated by the date of the last
menstrual period and con�rmed by ultrasound examination during �rst-trimester (by measuring the
crown-rump length) or second-trimester(by measuring biparietal diameter, abdominal circumference and
femur length). We used the following modes for grouping for induction methods.

(1) Oxytocin Induction group: initial cervical dilation < 6 cm with only oxytocin induction. This was
de�ned as Induction method 1;

(2) Amniotomy group: initial cervical dilation < 6 cm with arti�cial rupture of membranes with or without
oxytocin induction(amniotomy after Prostaglandin E2 and Disposable cervical dilator balloon were not
included). This was de�ned as Induction method 2;

(3) Disposable Cervical Dilator Balloon: with Disposable cervical dilator balloon induction. This was
de�ned as Induction method 3;
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(4) Prostaglandin E2 group: with Prostaglandin E2(Propess) induction. This was de�ned as Induction
method 4;

(5) Cervical Dilation≥6cm group: initial cervical dilation≥6cm experience augmentation of
labor(experience amniotomy and/or oxytocin);

(6) Unreceived Labor Intervention group: women entered labor naturally and the labor did not be
intervened.

Induction group was de�ned as group (1) plus (2) plus (3) plus (4), augmentation group was de�ned as
group (5). Considering that the women in the augmentation group naturally entered the active stage of
labor, the augmentation group and the unreceived labor intervention group were regarded as a group,
which serves as a reference group for the induction method (1)-(4). For convenience, spontaneous labor
group was de�ned as group (5) plus group (6).

Statistical analysis

Data analysis was conducted by using the statistical software package SPSS (24.0) and R (3.6.2).

Univariate analysis was performed for all clinical data. For continuous variables, the tests of normality
were performed �rst. The Student’s t-test was used to compare the continuous variables with a normal
distribution. The Mann-Whitney test was used to compare discrete or continuous variables without a
normal distribution. The chi-square test and Fisher exact test were used, as appropriate, for the
categorical variables. Standard descriptive statistics (mean ± standard deviations or median and
interquartile range) were used to summarize continuous variables. Percentage and frequency were used
for categorical variables.

Baseline variables that were considered clinically relevant or that showed a univariate relationship with
outcome(candidate variables with a p value <0.05 on univariate analysis) were entered into the
multivariable logistic regression model. Variables for inclusion were carefully chosen, given the number
of events available, to ensure parsimony of the �nal model. The results of logistic regression models were
presented as odds ratio (OR) with their 95% con�dence intervals (CIs).

The discrimination and calibration of the prediction model were evaluated. Discrimination is the extent to
which patients with cesarean delivery is identified likely to have this positive outcome. Calibration refers
to the extent to which the calculated risks reflect the actual percentage of women with the outcome in
each group. It is the agreement between observed outcomes and predictions. The area under the receiver
operating characteristic curve(AUC ROC) was calculated to assess the discrimination ability. AUC ROC
was interpreted using following categories: non-informative (AUC ROC = 0.5), poor accuracy (0.5 < AUC
ROC <0.7), moderate accuracy (0.7 < AUC ROC <0.9), high accuracy (0.9 < AUC ROC < 1); and perfect
accuracy (AUC ROC = 1)[19]. The calibration of the prediction model was assessed using the Hosmer-
Lemeshow goodness-of-�t test(P>0.05 was taken to indicate good �tting) and/or calibration plot.
Decision curve analysis (DCA) was used to assess the clinical value of the model, which was a method
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for evaluating the net bene�t. We assessed internal validity with a bootstrapping technique (resample
1000 times) to show the performance of model. We conducted an external veri�cation of the �nal model
in another hospital. We reported the predictive performance in the validation cohort also using the
measures of discrimination and calibration. A nomogram was established using the predictive model by
R. Established a dynamic nomogram by using the rms DynNom, and built a web online applications
through shinyapps. All P values were two-tailed, and a signi�cance level of 5% was used.

Results
Study population and outcomes

Between 1 January 2011 and 31 August 2017, 18,228 deliveries were managed at our center. After
exclusion of ineligible patients, 6,551 women were enrolled (Additional �les 2). Among the recruited
subjects, 576(8.79%) women gave birth by cesarean after failure of trial of labor. Most cesarean deliveries
were performed for concerns with fetal heart rate patterns in labor (48.44% = 279/576) and arrest of
dilation in the active phase of the �rst stage of labor (20.83% = 120/576).
Characteristics of pregnancies

Participants were divided into vaginal delivery and cesarean delivery groups, and the comparisons of
demographics and clinical characteristics are displayed in Table 1.
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Table 1
Characteristics of maternal and neonatal by mode of delivery

Variable Cesarean Delivery (n = 
576)

Vaginal Delivery (n = 
5975)

P*

Maternal characteristics      

Maternal age (y) 27.50 ± 3.12 26.84 ± 3.03 < 
0.001

Baseline height (cm) 159.54 ± 4.24 161.7 ± 4.61 < 
0.001

Baseline BMI (kg/m2) 21.49 ± 2.60 20.75 ± 2.49 < 
0.001

Weight change during pregnancy
(kg)

14.77 ± 4.21 14.14 ± 4.22 0.001

Gestational age (w) 40.23 ± 1.00 39.76 ± 1.00 < 
0.001

Labour and others characteristics      

PROM 152 (26.39%) 1238(20.72%) 0.001

Induction methods     < 
0.001

Spontaneous Labor group 114(19.79%) 2596(43.45%)  

Oxytocin Induction group 152(26.39%) 976(16.33%)  

Amniotomy group 268(46.53%) 2189(36.64%)  

Disposable Cervical Dilator Balloon
group

15(2.60%) 65(1.09%)  

Prostaglandin E2 group 27(4.69%) 149(2.49%)  

Epidural analgesia 23(3.99%) 161(2.69%) 0.072

Meconium-stained amniotic �uid     < 
0.001

0 434(75.35%) 5511(92.23%)  

30(5.21%) 209(3.50%)  

33(5.73%) 150(2.51%)  

BMI, body mass index; PROM, premature rupture of membranes;

Data are mean ± standard deviation, n/(N %)

* Two-sided P based on the χ2 for categorical variables, and the t test for continuous variables.
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Variable Cesarean Delivery (n = 
576)

Vaginal Delivery (n = 
5975)

P*

/ bloody 79(13.72%) 105(1.76%)  

Neonatal characteristics      

Neonatal sex(male) 334(57.99%) 2934(49.10%) < 
0.001

Neonatal birth weight(g) 3528.18 ± 389.13 3343.93 ± 367.50 < 
0.001

BMI, body mass index; PROM, premature rupture of membranes;

Data are mean ± standard deviation, n/(N %)

* Two-sided P based on the χ2 for categorical variables, and the t test for continuous variables.

It can be found that maternal age, BMI, weight gain during pregnancy, gestational age at delivery, level of
meconium-stained amniotic �uid, rate of PROM and male infants who underwent cesarean were higher
than the vaginal delivery group. Also, their height was signi�cantly lower than those in the vaginal group.
The composition ratios of methods of induction were statistically signi�cant between the two groups.
There were no signi�cant differences in the rate of delivering with labor epidural analgesia between the
two groups. Women who aged more than 26.5 years, height less than 160.5 cm, gestational age more
than 279 days, had pre-pregnancy BMI more than 21.4 kg/m2 and gained pregnancy weight more than
13.3 kg were more likely to undergo cesarean.

Model development
Factors that were statistically signi�cantly associated with cesarean delivery in univariate analysis or that
were considered clinically relevant were entered into the multivariable logistic regression. The results of
the analysis showed in Figure1.
Derivation of a model
The results of multivariable logistic regression analysis showed that in the model, maternal age, height,
gestational age, pre-pregnancy BMI, Weight change during pregnancy, PROM, methods of induction, level
of meconium-stained amniotic �uid and neonatal sex were predictors of cesarean delivery. Developed
with data from 6,551 women with complete data, the final equation 1 was:
logit(P1)= -7.351+0.075*Maternal age (y)-0.113*height(cm)+0.072*pre-pregnancy BMI

(kg/m2)+0.053*Weight change during pregnancy (kg)+0.062* Gestational age (day)+0.711*(indicator for
occurrence of PROM)+0.929*(indicator for occurrence of Induction method 1)+0.938*(indicator for
occurrence of Induction method 2)+1.459*(indicator for occurrence of Induction method 3)+0.902*
(indicator for occurrence of Induction method 4)+0.700*(level of Meconium-stained amniotic
�uid)+0.482*(indicator for occurrence of male fetus) ( Model 1)
At the same time, due to China's relevant policies that the sex of the fetus was unknown until they had
born, we also established a prediction model that did not include fetal sex. The equation 2 was:
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logit(P2)= -6.472+0.073* Maternal age (y)-0.112*height(cm)+0.072*pre-pregnancy BMI (kg/m2)+0.050*
Weight change during pregnancy (kg)+0.060*Gestational age (day)+0.710*(indicator for occurrence of
PROM)+0.942*(indicator for occurrence of Induction method 1)+0.956*(indicator for occurrence of
Induction method 2)+1.444*(indicator for occurrence of Induction method 3)+0.938*(indicator for
occurrence of Induction method 4)+0.689*(level of Meconium-stained amniotic �uid) ( Model 2)
Discrimination, calibration and decision curve analysis
The areas under the receiver operating characteristic curve, calibration plot and decision curve analysis
were presented in Figure 2. For model 1, the AUC curves were 0.782(95%CI: 0.771-0.791). According to the
ROC curve, the ideal cutoff point for predicted probability was obtained, that was when the predicted
probability was greater than 7.45%, the AUC was the largest. At this time, there were 452 cases of
cesarean delivery, the incidence rate was 17.6%. The sensitivity of the prediction model 1 was 78.47% and
the speci�city was 64.55%. The calibration plot for the probability of cesarean delivery showed a good
correlation between the predicted and actual probabilities(Hosmer-Lemeshow test: P=0.263, Figure 2B).
The AUC curves for model 2 were 0.774(95%CI: 0.763-0.784). Using a cut-off of predicted probability of
8.7% to de�ne a positive test classi�ed women with good accuracy (sensitivity 70.66%; speci�city
70.59%).The Hosmer-Lemeshow test for goodness of fit showed a good fit of the model (P=0.817). The
calibration plot of the Model 2 showed that the observed outcomes were in good agreement with the
predicted outcomes(Figure 2C).
DCA is a novel method that can examine diagnostic and prognostic strategies, can be used to evaluate
and compare different predictive models, and identify the net bene�t of a prediction model[20]. Thus, we
used DCA for models to predict the correct diagnosis of cesarean delivery. The results (Figure 2:D-F)
indicated that two models were useful for threshold probabilities of 4% to 60%. There was no signi�cant
difference in the net bene�t between them. The clinical impact curves also demonstrated the clinical
utility of the models.
Internal and External validation and predictive performance
Results of the internal validation using Bootstrap method indicated that the cesarean delivery rates
predicted by both models were consistent with the real data(Figure 3 A-B).
We validated the two formulas by using a separate data set which was derived from another
hospital(hospital 2). External validation of the logistic regression equations using a cohort that included 7
657 low-risk nulliparous women with the same inclusion criteria as the original data set used to create the
model(Additional �les 3). It is worth noting that cervical dilator balloon and Propess were not routinely
used as induction methods in the secondary-grade A class hospital in this study. In this hospital, 25
micrograms of misoprostol was used prostaglandin for induction of cervical ripening. Considering that
misoprostol is also a prostaglandin drug induction method, therefore, when we veri�ed externally, it
replaced Propess in induction method 4. That is, if misoprostol was used to induce labor, the value of
induction method 4 in the prediction formula was 1. When these two formulas were applied to this cohort,
it achieved AUC of 0.775 (95% CI 0.755–0.796) and 0.775 (95% CI 0.754–0.796)( Figure 3 C-D). The
calibration plots presented an acceptable agreement in the validation cohort between the prediction and
actual observation for the Model1 and Model 2 (Figure 3 E-F).
Nomogram
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Discussion
Cesarean delivery after failure of trial of labor has been concerned by many researchers. This study was
aiming to identify the predictors for cesarean experience among low-risk women and develop a clinical
prediction model. The model allows physicians to assess the individual and systematic risks of pregnant
women before childbirth. It can be used during counseling to increase acceptance of vaginal delivery for
those with a high chance of success while minimizing procedures performed on women with low
chances for a successful vaginal delivery. Screening for high-risk women and applying adequate
interventions may reduce the risk of adverse outcomes. To achieve the best outcomes for mothers and
babies, medical staff need to provide the pregnant women with the proper suggestion of delivery.

The models highlight the importance of variables such as maternal age, maternal height, pre-pregnancy
BMI, gestational age, weight gain during pregnancy, degree of meconium-stained amniotic �uid, indicator
for occurrence of premature rupture of membranes and fetal sex in determining the cesarean delivery
when women failed the trial of labor. These results are consistent with the existing literature on the risk of
cesarean delivery[16, 21–23]. Past studies also found gestational age of induced labor and induction
methods were related to the incidence of cesarean[24, 25]. The ethnic disparity was observed in cesarean
delivery rates, Stark et al. showed that the frequency of cesarean was lowest in non-Hispanic white
women and highest in non-Hispanic black women[26]. In addition, delivery time, clinicians' personal
beliefs and pregnant women themselves' views of decision-making also have an impact on delivery
mode[27–29].

Currently, given the maternal and fetal implications of failed trial of labor, a number of prediction models
aimed at determining the likelihood of cesarean delivery had been developed. A study by Levine et al.[9]
used a nomogram to develop and validate a predictive model for women undergoing an induction of
labor with an unfavorable cervix. Nulliparity, BMI, gestation age ≥ 40 weeks, modi�ed Bishop score, and
height were signi�cantly associated with cesarean. This model with an AUC of 0.79 in the development
cohort and 0.73 in the validation cohort. Jochum et al. [10]had developed a scoring system for predicting
cesarean delivery after labor induction with cervical ripening based on a secondary data analysis. Height,
BMI, gestational age, parity, dilation, effacement, fetal head station, medical indication, suspicion of
macrosomia, PROM and concerning fetal status were found to be strongly associated with cesarean
delivery. The AUC ROC in the derivation set and internal validation set were 0.76 and 0.74, respectively.
Rossi et al.[12] developed and validated a predictive risk calculator for cesarean among women
undergoing induction of labor. Seven independent risk factors had been associated with an increased risk

The formula used a nomogram to calculate the probability of cesarean(Figure 4). For a given woman,
each characteristic was aligned with the corresponding number of points on the points axis, and a total
summated point was derived. The sum of all points lined with predicted probability of cesarean delivery.
We also developed a friendly software-based calculator that can give the percentage likelihood of
cesarean delivery. It can be found at: https://fangcan.shinyapps.io/CSsexDynNomapp/ ,
https://fangcan.shinyapps.io/CSDynNomapp/. We used two examples to illustrate the dynamic
nomogram on web (Additional �les 4).

https://fangcan.shinyapps.io/CSsexDynNomapp/
https://fangcan.shinyapps.io/CSDynNomapp/
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of cesarean included prior vaginal delivery, maternal weight at delivery, height, age, prior cesarean
delivery, gestational age at induction, and maternal race. The model had an area under the curve for the
receiver operating characteristic curve of 0.787 (95% CI 0.786–0.788), and it performed well on external
validation (0.783, 95% CI 0.764–0.802).

However, it is uncertain whether these models are applicable to Chinese women. At the same time, China
is a yellow race and people are relatively thin and have a low BMI. To date, China lacks the studies in
relevant researches. Therefore, based on the analysis of clinically relevant factors of existing prediction
models and the Fertility Policy of China(fetal sex identi�cation is prohibited), this study established risk
prediction models suitable for low-risk pregnant women for cesarean delivery through the multivariable
Logistic regression analysis. These prediction models discriminated well (Model 1: AUC ROC was
0.782(95%CI: 0.771–0.791); Model 2: AUC ROC was 0.774(95%CI: 0.763–0.784)). Moreover, an external
validation of women from another secondary medical center was conducted, which demonstrated a
consistent measure of discrimination with the AUC of 0.775 (95% CI 0.755–0.796) and 0.775 (95% CI
0.754–0.796), respectively. The results of external validation showed that our prediction model can be
further extended to the data set of another research center, indicating that the application value of the
model has been greatly expanded. The online web server was constructed based on the nomogram to
facilitate clinical practice. Clinicians can carry out a risk assessment and provide appropriate suggestion
on patients at any time through mobile phones.

To our knowledge, the model developed in this study using information on maternal factors and using
robust modeling methods is the �rst model applicable to Chinese low-risk women. These models still
show good prediction ability in both internal and external validation populations. Further investigation of
model validity and impact before generalizing is important and should be undertaken.

The limitation of this study may include the following aspects. Firstly, this is a retrospective study in
nature. Some data is inevitably missing and inherently biased. For example, the success of induced labor
mainly depends on the cervical ripening, and the Bishop’s score has most often been used to describe
cervical ripeness. This was not well documented in retrospective cases, so we did not include this factor
in the �nal prediction model. The literature showed that the Bishop’s score was originally designed to
predict the likelihood of multiparous women at term to enter spontaneous labor, this could result in
making it less predictive of outcome after labor induction in nulliparas. A systematic review also
concluded that the Bishop score was a poor predictor for the outcome of induced labor at term[30]. In
comparison with other prediction models, there are variations in induction rates and variables most likely
to in�uence successful vaginal delivery. The sample size of the study was relatively small, and the
included subjects were only the single-centered population in the region. The selection of the population
also targeted only low-risk nulliparous. Given the diversity of geography, economy, medical level and
environment throughout China, our �ndings may not representative the Chinese population in many
jurisdictions. The neonatal birth weight had been associated with an increased risk of cesarean, but it
was not included in the �nal prediction model because it could not be accurately known before delivery.
Nowadays, the ultrasonography is the main method to estimate fetal weight, but it is not accurate
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enough. Ethnics, the time interval between ultrasonic examination and delivery, fetal sex, fetal position,
maternal BMI and seniority of sonographers are in�uencing factors on sonographic estimated fetal
weight. Compared with the Jochum[10] model, which was established in the scoring system, the
prediction model was developed by Logistic regression analysis in this study had a more complex
process. But it was accurate in calculation and had high sensitivity and speci�city. The nomogram was
established, which can be convenient for clinicians in the clinic. At the same time, we developed a
software-based calculator that gives the percentage likelihood of cesarean delivery.

In conclusion, multivariable analysis showed that maternal age, height, BMI, weight gain during
pregnancy, gestational age, mode of labor induction, meconium-stained amniotic �uid, presence of PROM
and neonatal sex were an independent risk factor for cesarean delivery in this study. With the adjustment
in China’s family planning strategy and release of the second-child policy, more pregnant women are
faced with the choice of delivery mode. The prediction model established by these factors has a better
prediction performance. Obstetricians and midwives can use the tool to predict which women will need
surgery. Those who as high-risk women could be offered elective cesarean, which could avoid additional
adverse effects. Those at low risk should be comforted and encouraged to adopt vaginal delivery.
However, the bene�ts of using models should be demonstrated before routine introduction into clinical
practice. Further study is warranted to optimize these models by conducting multicenter researches
studies with large samples. It is worth noting that these models should be combined with the clinical
practice of patients rather than applied in isolation. It provides evidence-based knowledge to support their
delivery mode choices and to improve maternal and perinatal outcomes and optimize the allocation of
resources.

Declarations
Ethics approval and consent to participate

Institutional Review Board approval by The First A�liated Hospital of Soochow University and Sihong
county People’s Hospital were obtained for the study waiving informed consent for this retrospective
study. A total of 14 208 study participants were recruited in two ways. First, there was retrospective
recruitment of consecutive 6551 pregnant women in the �nal analysis delivered from January 1, 2011 to
August 31, 2017 (2018019). Second, 7 657 women came form Sihong county People’s Hospital between
January 1, 2013 and December 31, 2018 were recruited retrospectively into a validation cohort.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.



Page 13/18

Competing interests

The authors declare that they have no competing interests

Funding

No funding

Authors' contributions

HB had the original idea of the study. SFC, SQQ ,WFF, SMH and CYG contributed to data collection. SFC
analyzed the data. SFC wrote the �rst draft of the paper. HB and SFC provided critical review and
interpretation of the results. HB provided professional language. All authors have read the manuscript
and approved to publish.

Acknowledgements

Not applicable

References
1. Betrán AP, Ye J, Moller AB, Zhang J, Gülmezoglu AM, Torloni MR: The Increasing Trend in Caesarean

Section Rates: Global, Regional and National Estimates: 1990-2014. PloS one 2016, 11(2):e0148343.

2. Chu S, Zhang Y, Jiang Y, Sun W, Zhu Q, Wang B, Jiang F, Zhang J: Cesarean section without medical
indication and risks of childhood allergic disorder, attenuated by breastfeeding. Sci Rep 2017,
7(1):9762.

3. Zhang T, Sidorchuk A, Sevilla-Cermeno L, Vilaplana-Perez A, Chang Z, Larsson H, Mataix-Cols D,
Fernandez de la Cruz L: Association of Cesarean Delivery With Risk of Neurodevelopmental and
Psychiatric Disorders in the Offspring: A Systematic Review and Meta-analysis. JAMA network open
2019, 2(8):e1910236.

4. Liang J, Mu Y, Li X, Tang W, Wang Y, Liu Z, Huang X, Scherpbier RW, Guo S, Li M et al: Relaxation of
the one child policy and trends in caesarean section rates and birth outcomes in China between 2012
and 2016: observational study of nearly seven million health facility births. BMJ (Clinical research
ed) 2018, 360:k817.

5. Li HT, Luo S, Trasande L, Hellerstein S, Kang C, Li JX, Zhang Y, Liu JM, Blustein J: Geographic
Variations and Temporal Trends in Cesarean Delivery Rates in China, 2008-2014. Jama 2017,
317(1):69-76.

�. Hosseini Tabaghdehi M, Kolahdozan S, Keramat A, Shahhossein Z, Moosazadeh M, Motaghi Z:
Prevalence and factors affecting the negative childbirth experiences: a systematic review. The
journal of maternal-fetal & neonatal medicine : the o�cial journal of the European Association of
Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society
of Perinatal Obstet 2019:1-8.



Page 14/18

7. Størksen HT, Garthus-Niegel S, Adams SS, Vangen S, Eberhard-Gran M: Fear of childbirth and elective
caesarean section: a population-based study. Bmc Pregnancy & Childbirth 2015, 15(1):221.

�. Tolcher MC, Holbert MR, Weaver AL, McGree ME, Olson JE, El-Nashar SA, Famuyide AO, Brost BC:
Predicting Cesarean Delivery After Induction of Labor Among Nulliparous Women at Term. Obstetrics
and gynecology 2015, 126(5):1059-1068.

9. Levine LD, Downes KL, Parry S, Elovitz MA, Sammel MD, Srinivas SK: A validated calculator to
estimate risk of cesarean after an induction of labor with an unfavorable cervix. American journal of
obstetrics and gynecology 2018, 218(2):254.e251-254.e257.

10. Jochum F, Le Ray C, Blanc-Petitjean P, Langer B, Meyer N, Severac F, Sananes N: Externally Validated
Score to Predict Cesarean Delivery After Labor Induction With Cervi Ripening. Obstetrics and
gynecology 2019, 134(3):502-510.

11. Alavifard S, Meier K, Shulman Y, Tomlinson G, D'Souza R: Derivation and validation of a model
predicting the likelihood of vaginal birth following labour induction. BMC pregnancy and childbirth
2019, 19(1):130.

12. Rossi RM, Requarth E, Warshak CR, Dufendach KR, Hall ES, DeFranco EA: Risk Calculator to Predict
Cesarean Delivery Among Women Undergoing Induction of Labor. Obstetrics and gynecology 2020,
135(3):559-568.

13. Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg EW, Vickers AJ, Ransohoff
DF, Collins GS: Transparent Reporting of a multivariable prediction model for Individual Prognosis or
Diagnosis (TRIPOD): explanation and elaboration. Annals of internal medicine 2015, 162(1):W1-73.

14. Burke N, Burke G, Breathnach F, McAuliffe F, Morrison JJ, Turner M, Dornan S, Higgins JR, Cotter A,
Geary M et al: Prediction of cesarean delivery in the term nulliparous woman: results from the
prospective, multicenter Genesis study. American journal of obstetrics and gynecology 2017,
216(6):598.e591-598.e511.

15. Levine LD, Downes KL, Parry S, Elovitz MA, Srinivas SK: 468: Predicting cesarean delivery for women
undergoing an induction of labor with an unfavorable cervix. American Journal of Obstetrics &
Gynecology 2017, 216(1):S277.

1�. Kawakita T, Reddy UM, Huang CC, Auguste TC, Bauer D, Overcash RT: Predicting Vaginal Delivery in
Nulliparous Women Undergoing Induction of Labor at Term. Am J Perinatol 2018, 35(7):660-668.

17. ACOG Practice Bulletin Number 49, December 2003: Dystocia and augmentation of labor. Obstetrics
and gynecology 2003, 102(6):1445-1454.

1�. Caughey AB, Cahill AG, Guise JM, Rouse DJ: Safe prevention of the primary cesarean delivery.
American journal of obstetrics and gynecology 2014, 210(3):179-193.

19. Hanley JA, McNeil BJ: The meaning and use of the area under a receiver operating characteristic
(ROC) curve. Radiology 1982, 143(1):29-36.

20. Vickers AJ, Elkin EB: Decision curve analysis: a novel method for evaluating prediction models.
Medical decision making : an international journal of the Society for Medical Decision Making 2006,
26(6):565-574.



Page 15/18

21. Bergholt T, Egil Skjeldestad F, Pyykonen A, Rasmussen SC, Tapper AM, Bjarnadottir RI, Smarason A,
Masdottir BB, Klungsoyr K, Albrechtsen S et al: Maternal age and risk of cesarean section in women
with induced labor at term - a Nordic register-based study. Acta obstetricia et gynecologica
Scandinavica 2019.

22. Hikita N, Haruna M, Matsuzaki M, Sasagawa E, Murata M, Yura A, Oidovsuren O: Is High Maternal
Body Mass Index Associated with Cesarean Section Delivery in Mongolia? A Prospective
Observational Study. Asian/Paci�c Island nursing journal 2019, 4(3):128-134.

23. Lipschuetz M, Cohen SM, Israel A, Baron J, Porat S, Valsky DV, Yagel O, Amsalem H, Kabiri D, Gilboa Y
et al: Sonographic large fetal head circumference and risk of cesarean delivery. American journal of
obstetrics and gynecology 2018, 218(3):339.e331-339.e337.

24. Grobman WA, Rice MM, Reddy UM, Tita ATN, Silver RM, Mallett G, Hill K, Thom EA, El-Sayed YY,
Perez-Delboy A et al: Labor Induction versus Expectant Management in Low-Risk Nulliparous
Women. The New England journal of medicine 2018, 379(6):513-523.

25. Nwabuobi C, Gowda N, Schmitz J, Wood N, Pargas A, Bagiardi L, Odibo L, Camisasca-Lopina H,
Kuznicki M, Sinkey R et al: Risk factors for Cesarean delivery in pregnancies with a small-for-
gestational-age fetus undergoing induction of labor. Ultrasound in obstetrics & gynecology : the
o�cial journal of the International Society of Ultrasound in Obstetrics and Gynecology 2019.

2�. Stark EL, Grobman WA, Miller ES: The Association between Maternal Race and Ethnicity and Risk
Factors for Primary Cesarean Delivery in Nulliparous Women. Am J Perinatol 2019.

27. Del Carmen GA, Stapleton S, Qadan M, Del Carmen MG, Chang D: Does the Day of the Week Predict a
Cesarean Section? A Statewide Analysis. The Journal of surgical research 2019, 245:288-294.

2�. Panda S, Begley C, Daly D: Clinicians' views of factors in�uencing decision-making for caesarean
section: A systematic review and metasynthesis of qualitative, quantitative and mixed methods
studies. PloS one 2018, 13(7):e0200941.

29. Loke AY, Davies L, Mak YW: Is it the decision of women to choose a cesarean section as the mode of
birth? A review of literature on the views of stakeholders. BMC pregnancy and childbirth 2019,
19(1):286.

30. Kolkman DG, Verhoeven CJ, Brinkhorst SJ, van der Post JA, Pajkrt E, Opmeer BC, Mol BW: The Bishop
score as a predictor of labor induction success: a systematic review. Am J Perinatol 2013, 30(8):625-
630.

Figures



Page 16/18

Figure 1

Univariate and multivariable logistic regression analysis of risk factors for Cesarean Delivery

Figure 2

The discrimination, calibration and decision curves with prediction models A: ROC curves of two models.
B-C: Calibration plot for the the logistic regression prediction model 1 and model 2. D: DCA for two
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models. E-F: Use Model 1 and Model 2 to predict risk strati�cation for 1 000 people. The red curve or
green curve indicated the number of people classi�ed as positive by the Model 1 or Model 2 at each
threshold probability, the blue curve was the number of true.

Figure 3

Internal and external validation and predictive performance A-B: Calibration curves of the two models
using 1000 bootstrap re-samples. C-D: The red ROC curve represents data from the Model 1 and green
ROC curve represents data from the Model 2. E-F: Calibration curves of the two models in the external
validation set.
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Figure 4

The nomograms of the two models
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