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Abstract

Background: Intrapartum cesarean delivery has been the focus ofmany researchers. We derived and validated amodel to predict cesarean
for low-risk Chinese nulliparous undergoing induction of labor. Methods: We developed a risk model for cesarean by including variables
in univariate and multivariable logistic regression using the development set (3841 pregnant women). The performance of the model
was assessed for the receiver operating characteristic (ROC) curve, calibration and decision curve analysis (DCA). Additionally, we
validated the model externally using an independent dataset (3421 pregnant women). Results: Multivariable logistic regression analysis
showed that age, height, body mass index (BMI), weight change during pregnancy, gestational age, premature rupture of membranes
(PROM), meconium-stained amniotic fluid and neonatal sex were independent factors affecting cesarean outcome. Two models were
established, depending on whether the sex of the fetus was included. The area under the ROC curve of two models were 0.755 and 0.748,
respectively. We verified externally, and the area under the ROC curve of two models were 0.758 and 0.758, respectively. The calibration
plots demonstrated a good correlation. DCA demonstrated that two models had clinical application value. The online web servers were
constructed based on the nomograms for convenient clinical use. Conclusions: These two models can be used as useful tools to assess
the risk of cesarean for low-risk Chinese nulliparous undergoing induction of labor.
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1. Introduction
Cesarean is a life-saving surgery within the obstet-

ric domain. However, it may have risks for subsequent
pregnancies as well as long-term effects for both moth-
ers and their offsprings that are still undertaking research
[1,2]. With the development of urbanization, the relaxation
of the one-child policy, and the introduction of the universal
two-child policy and three-child policy in China, a growing
number of pregnant women are accessing medical informa-
tion about pregnancy and childbirth through the Internet, re-
alizing the disadvantages and risks of caesarean section and
preferring to deliver vaginally [3,4]. Unfortunately, deliv-
ery is a complex and dynamic process. Sometimes vaginal
delivery doesn’t go so well, resulting in pregnancies have
to undergo the emergency operation. And yet, maternal and
perinatal complications are higher when a failed trial of la-
bor results in an emergency cesarean delivery [5–7]. Ardu-
ous birth experience could impose life-long negative effects
and have an unpleasant procedure on the life of the mother,
child, family, clinic, and society [8,9]. In the era of foresee-
able medicine, a prediction algorithm to determine women

at risk of an intrapartum cesarean could potentially reduce
morbidity and mortality associated with labor.

Currently, several publishedmodels studied on predic-
tion of cesarean delivery were mostly focused on the white
populations [6,10–14], and there is a lack of sufficient data
regarding the majority of Han ethnic backgrounds in the
Chinese population. To date, China lacks the relevant re-
searches, and there is limited empirical evidence and clini-
cal experience reported.

Therefore, our study aimed to develop and validate
a clinical prediction model that utilizes maternal and fetal
data, incorporating readily available variables, for predict-
ing cesarean delivery risk in nulliparous women with low-
risk at term who undergo labor induction. The use of calcu-
lators may provide physicians with an evidence-based tool
to assist in patient counseling and to provide individualized
guidance of delivery mode.

2. Materials and Methods
2.1 Participants

We conducted a retrospective cohorts study of low-
risk nulliparous women with singleton, term, cephalic preg-
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nancies who delivered at the Hospital of the First Affiliated
Hospital of Soochow University and Sihong county Peo-
ple’s Hospital. The former hospital is a tertiary referral cen-
ter, while the latter is a secondary referral center. There
were two distinct phases to the overall study, the develop-
ment and the validation phases. The prediction model was
developed among women who delivered at the First Affil-
iated Hospital of Soochow University between January 1,
2011, and August 31, 2017. External validation was con-
ducted using data from Sihong county People’s Hospital
between January 1, 2013, and December 31, 2019. This
was done to confirm that the model has consistent predic-
tive ability outside of the original study population.

This study obtained Institutional Review Board ap-
proval from both hospitals, which waived the need for in-
formed consent due to the retrospective nature of the study.
The study adhered to the methods and reporting guidelines
outlined in the TRIPOD (Transparent Reporting of a mul-
tivariable prediction model for Individual Prognosis or Di-
agnosis) statement [15].

2.2 Inclusion and Exclusion Criteria

We recruited nulliparous women with low-risk preg-
nancies, undergoing labor with singleton cephalic pregnan-
cies at term (37 0/7 weeks of gestation or greater). Women
had antepartum intrauterine fetal death or fetal anomalies
were excluded. Exclusion criteria were as follows:

(i) Women had complications during pregnancy (e.g.,
cardiac failure, severe liver and kidney diseases, hyper-
tensive disorders of pregnancy, diabetes, oligohydram-
nios, placenta previa, vasa previa and fetal growth restric-
tion); (ii) Women had a scarred uterus (e.g., myomectomy);
(iii) Women had contraindications to vaginal delivery; (iv)
Women had the cesarean delivery on maternal request; (v)
Women entered labor naturally or received intervention
measures such as oxytocin augmentation and amniotomy
when their cervical dilation was greater than or equal to 6
cm.

The pregnant women who meet the criteria were di-
vided into the intrapartum cesarean delivery group and the
vaginal delivery group according to their delivery modes.

2.3 Data Collection

Data on maternal characteristics and perinatal param-
eters were collected by reviewing the patient’s medical
records from the obstetrics database maintained by the in-
stitution.

2.3.1 Characteristics

The outcome of interest was defined as cesarean. A
cesarean delivery was performed if there was fetal dis-
tress, arrested active phase, prolonged latent phase, pro-
longed second stage, arrested descent, suspected chorioam-
nionitis, and other medical indications, such as threat-
ened uterine rupture. It is worth noting that we only col-

lected the major indications. We selected candidate predic-
tor variables that could be easily obtained from maternal
and fetal data. A systematic review of the literature was
conducted to identify easily accessible predictor variables
[6,10–14,16–18]. The recorded variables included mater-
nal age, height, weight, baseline (i.e., pre-pregnancy) body
mass index (BMI), weight change during pregnancy, ges-
tational age at delivery, premature rupture of membranes
(PROM), meconium-stained amniotic fluid, intervention
measures (oxytocin, amniotomy, disposable cervical dila-
tor balloon, prostaglandin (Propess or Misoprostol), neona-
tal sex, and neonatal birth weight.

2.3.2 Operational Definitions
The relevant guidelines [19,20] were used to deter-

mine cesarean delivery indications such as arrest of descent
and a prolonged second stage of labor.

We analyzed the labor process of each participant. The
induction group referred to women who received interven-
tion measures when their cervical dilation was less than 6
cm. The cut-off point of 6 cm was chosen because contem-
porary labor data indicated that active labor starts at 6 cm
of cervical dilation [21]. We used the following modes to
group the induction group.

Oxytocin induction group: women who received only
oxytocin induction.

Amniotomy group: women who received artificial
rupture of membranes or both artificial rupture of mem-
branes and oxytocin induction (amniotomy after using
Prostaglandin E2 or disposable cervical dilator balloon was
not included).

Disposable cervical dilator balloon group: women
who received disposable cervical dilator balloon induction.

Prostaglandin E2 group: women who received
Prostaglandin E2 (Propess) induction.

2.4 Statistical Analysis
Continuous variables were assessed for normality be-

fore comparison. The Student’s t-test was used to compare
normally distributed continuous variables, while the Mann-
Whitney test was used for non-normally distributed or dis-
crete variables. For categorical variables, we used the chi-
square test or Fisher exact test, depending on the sample
size. Descriptive statistics such as mean and standard devi-
ations or median and interquartile range were used for con-
tinuous variables, while percentages and frequencies were
used for categorical variables. We used the statistical soft-
ware package SPSS (24.0, IBM Corp., Chicago, IL, USA)
and R (3.6.3, R Foundation for Statistical Computing, Vi-
enna, Austria) for data analysis.

Variables that had a p-value< 0.10 on univariate anal-
ysis or were deemed clinically significant were entered
into the multivariable stepwise forward logistic regression
model. The logistic regression models were used to calcu-
late odds ratios (ORs) and their corresponding 95% confi-
dence intervals (CIs) to present the results.
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Table 1. Characteristics of maternal and neonatal by mode of delivery.
Variable Cesarean delivery (n = 462) Vaginal delivery (n = 3379) p

Maternal characteristics
Maternal age (year) 27.42 ± 3.10 26.88 ± 3.04 <0.001
Height (cm) 159.45 ± 4.34 161.73 ± 4.57 <0.001
Baseline BMI (kg/m2) 21.58 ± 2.66 20.89 ± 2.56 <0.001
Weight change during pregnancy (kg) 14.78 ± 4.18 14.35 ± 4.25 0.04
Gestational age (day) 282.23 ± 6.47 279.49 ± 7.20 <0.001
Labour and others characteristics

PROM 108 (23.38%) 660 (19.53%) 0.053
Meconium-stained amniotic fluid <0.001

None 342 (74.03%) 3116 (92.22%)
I 28 (6.06%) 124 (3.67%)
II 24 (5.19%) 90 (2.66%)
III/ bloody 68 (14.72%) 49 (1.45%)

Neonatal characteristics
Neonatal sex (male) 262 (56.71%) 1704 (50.43%) 0.011
Neonatal birth weight (g) 3534.91 ± 380.78 3384.18 ± 371.56 <0.001

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

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. Discrimina-
tion is assessed by measuring the area under the receiver
operating characteristic curve (AUC ROC), where an AUC
of 0.5 indicates a non-informative model, while an AUC
between 0.5 and 0.7 indicates poor discrimination, an AUC
between 0.7 and 0.8 indicates acceptable discrimination, an
AUC between 0.8 and 0.9 indicates excellent discrimina-
tion, and an AUC greater than 0.9 indicates outstanding dis-
crimination [22]. The calibration of the prediction model
was assessed using the Hosmer-Lemeshow goodness-of-
fit test (a non-significant p-value indicates good calibra-
tion) and/or calibration plot (the ideal curve should be a
45-degree straight line). Additionally, a perfect calibration
model would have a slope of 1 and an intercept of 0 on the
calibration plot. Decision curve analysis (DCA) was uti-
lized to evaluate the clinical utility of the model by assess-
ing the net benefit. The DCA involved plotting a decision
curve to provide clinicians with information about the range
of threshold probabilities in which the model would be clin-
ically valuable when implemented in clinical practice. To
demonstrate the performance of the model, we evaluated its
internal validity using a bootstrapping technique with 1000
resamples. We conducted an external verification of the fi-
nal model in another hospital. In the validation cohort, we
assessed the predictive performance of the model using the
same measures of discrimination and calibration as in the
development cohort. We also created a graphical nomo-
gram based on the final model using R, and established a
dynamic nomogram using the rms DynNom package. Ad-

ditionally, we developed a web-based application through
shinyapps. All statistical tests were two-tailed, and a sig-
nificance level of 5% was used.

3. Results
3.1 Model Development
3.1.1 Study Population and Outcomes

During the study period, 18,228 deliveries were man-
aged at our tertiary referral center. After exclusion of ineli-
gible patients, 3841womenwere enrolled (Supplementary
Fig. 1). The induction methods were oxytocin induction
(29.37%, 1128/3841); amniotomy (63.97%, 2457/3841);
disposable cervical dilator balloon (2.08%, 80/3841); and
prostaglandin E2 (4.58%, 176/3841). Among the recruited
subjects, 462 (12.03%) women gave birth by intrapartum
cesarean.

3.1.2 Characteristics of Pregnancies
Participants were divided into vaginal delivery and

cesarean delivery groups, and the comparisons of demo-
graphics and clinical characteristics were displayed in Ta-
ble 1. The women in cesarean delivery group were older
and shorter in height, had higher baseline BMI and higher
weight gain during pregnancy and delivered later compared
with those in vaginal delivery group. The incidence of
PROM and the proportion of cases with meconium-stained
amniotic fluid were all higher in cesarean delivery group.
There were more male infants and higher neonatal birth
weight in the cesarean delivery group as well. Table 2 pre-
sented results of the univariable logistic analysis.

3.1.3 Derivation of a Model
Factors with a p value< 0.10 on the univariate analy-

sis or that were considered clinically relevant were entered
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Table 2. Univariate and multivariable logistic regression analysis of risk factors for Cesarean Delivery.

Variables
Univariate logistic analysis Multivariable logistic analysis 1∗ Multivariable logistic analysis 2∗

OR (95% CI) OR (95% CI) OR (95% CI)

Maternal age (year) 1.059 (1.026–1.093) 1.071 (1.035–1.108) 1.069 (1.033–1.106)
Height (cm) 0.893 (0.873–0.913) 0.888 (0.867–0.910) 0.889 (0.868–0.910)
Baseline BMI (kg/m2) 1.100 (1.062–1.139) 1.067 (1.026–1.109) 1.066 (1.026–1.108)
Weight change during pregnancy (kg) 1.024 (1.001–1.048) 1.047 (1.021–1.074) 1.046 (1.020–1.072)
Gestational age (day) 1.060 (1.045–1.077) 1.066 (1.048–1.083) 1.063 (1.046–1.081)

PROM 1.257 (0.997–1.584) 1.791 (1.381–2.323) 1.786 (1.378–2.315)
Meconium-stained amniotic fluid

None Ref = 1 Ref = 1 Ref = 1
I 2.057 (1.345–3.147) 2.041 (1.307–3.188) 2.065 (1.325–3.220)
II 2.430 (1.528–3.864) 2.615 (1.600–4.273) 2.547 (1.563–4.153)
III/ bloody 12.644 (8.613–18.561) 11.692 (7.724–17.700) 11.538 (7.635–17.435)
Male fetus 1.288 (1.059–1.567) 1.473 (1.193–1.819) -

∗The multivariable logistic analysis was conducted according to fetal sex was involved or not. BMI, body mass index; PROM, premature
rupture of membranes; CI, confidence interval; OR, odds ratio.

Table 3. Predictors of cesarean delivery based on the development set.

variables
Model 1 Model 2

B S.E. Wald p B S.E. Wald p

Maternal age (year) 0.068 0.017 15.219 <0.001 0.067 0.017 14.588 <0.001
Height (cm) –0.119 0.012 93.9 <0.001 –0.118 0.012 92.8 <0.001
Baseline BMI (kg/m2) 0.065 0.02 10.758 0.001 0.064 0.02 10.593 0.001
Weight change during pregnancy (kg) 0.046 0.013 13.042 <0.001 0.045 0.013 12.191 <0.001
Gestational age (day) 0.064 0.009 55.789 <0.001 0.061 0.008 52.698 <0.001
PROM 0.583 0.133 19.274 <0.001 0.580 0.132 19.226 <0.001
Meconium-stained amniotic fluid 147.233 <0.001 146.734 <0.001

I 0.713 0.228 9.83 0.002 0.725 0.227 10.255 0.001
II 0.961 0.251 14.709 <0.001 0.935 0.249 14.061 <0.001
III/ bloody 2.459 0.212 135.099 <0.001 2.446 0.211 134.799 <0.001
male fetus 0.387 0.108 12.923 <0.001 - - -

Constant –5.201 3.07 2.87 0.090 –4.473 3.057 2.141 0.143
BMI, body mass index; PROM, premature rupture of membranes. B, partial regression coefficient; S.E, standard error; Wald,
wald test statistic.

intomultivariable stepwise forward logistic regression. The
results of multivariable logistic regression analysis showed
that in the model, maternal age, height, gestational age,
baseline BMI, Weight change during pregnancy, PROM,
level of meconium-stained amniotic fluid and neonatal sex
were predictors of cesarean delivery (Table 2). A multi-
variable logistic regression model was developed using all
of these independent predictors to predict cesarean delivery
in low-risk nulliparous women at term. The detailed pa-
rameters of the predictors in the prediction model were pre-
sented in Table 3. Model 1 was developed with data from
3841 women with complete data.

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 (Model 2) that did not
include fetal sex.

3.1.4 Discrimination, Calibration and Decision Curve
Analysis

The areas under the receiver operating characteristic
curve, calibration plot and decision curve analysis were pre-
sented in Fig. 1. For Model 1, the ROC curve for this
predictive model achieved an AUC of 0.755 (95% confi-
dence interval (CI): 0.732–0.778) (Fig. 1A). The correla-
tion between the predicted and actual probabilities of ce-
sarean delivery in Model 1 was demonstrated to be good
through the calibration plot (Hosmer-Lemeshow test: p =
0.314, the slope and intercept of the calibration plot were 1
and 0, respectively. Fig. 1B). The AUC curves for Model 2
were 0.748 (95% CI: 0.724–0.772) (Fig. 1A). The Hosmer-
Lemeshow goodness-of-fit test indicated that there was no
statistically significant difference between the 45-degree
straight line and the calibration plot, indicating good cal-
ibration in Model 2 (Hosmer–Lemeshow test: p = 0.457,
the slope and intercept of the calibration plot were 1 and 0,
respectively. Fig. 1C).
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Fig. 1. The discrimination, calibration and decision curveswith predictionmodels. (A) ROC curves of twomodels. (B,C) Calibration
plot for Model 1 and Model 2. (D) Decision curve analysis (DCA) for two models. (E,F) Use Model 1 and Model 2 to predict risk
stratification for 1000 people. The red curve or bule curve indicated the number of people classified as positive by the Model 1 or
Model 2 at each threshold probability, the green curve was the number of true. AUC, area under the curve; ROC, receiver operating
characteristic.

DCA is a novel method that can examine diagnostic
and prognostic strategies, can be used to evaluate and com-
pare different predictivemodels, and identify the net benefit
of a prediction model [23]. Thus, we used DCA for models
to predict the correct diagnosis of cesarean delivery. The
results (Fig. 1D) indicated that two models were useful for
threshold probabilities of 5% to 60%. There was no signifi-
cant difference in the net benefit between two models. This
indicated that the additional benefits of incorporating fetal
sex into the model was not significantly increased. This
also showed that the application of Model 2 in China was
feasible when the fetus sex was unknown before they had
born. Furthermore, the clinical impact curve of the predic-
tion models were plotted to predict the risk stratification
in 1000 patients (Fig. 1E,F). These curves demonstrated
that within the most beneficial threshold probability range,
the predicted high-risk women were always more than the
women actually had the cesarean delivery, accompanying
with acceptable cost-benefit ratio.

3.2 Internal and External Validation and Predictive
Performance

Results of the internal validation using bootstrap
method indicated that the cesarean delivery rates pre-
dicted by both models were consistent with the real data
(Fig. 2A,B).

We validated the two formulas by using a separate data
set whichwas derived from another hospital (Sihong county
People’s Hospital).

To validate the logistic regression equations, an exter-
nal cohort of 3421 low-risk nulliparous womenwhomet the
same inclusion criteria as those in the original dataset was
used (Supplementary Table 1). It is worth noting that cer-
vical dilator balloon and Propess were not routinely used
as induction methods in Sihong county People’s Hospital
in this study. In this hospital, 25 micrograms of misopros-
tol was used prostaglandin for induction of cervical ripen-
ing. Considering that misoprostol is also a prostaglandin
drug induction method, therefore, when we verified ex-
ternally, it replaced Propess in induction method. When
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Fig. 2. Internal and external validation and predictive performance. (A,B) Calibration curves of the twomodels using 1000 bootstrap
re-samples. (C,D) The red ROC curve represents data from the Model 1 and bule ROC curve represents data from the Model 2. (E,F)
Calibration curves of the two models in the external validation set.

these two formulas were applied to this cohort, it achieved
AUC of 0.7576 (95% CI: 0.7311–0.7840) and 0.7578 (95%
CI: 0.7313–0.7842) (Fig. 2C,D). The calibration plots pre-
sented an acceptable agreement in the validation cohort be-
tween the prediction and actual observation for the Model
1 and Model 2 (Fig. 2E,F).

3.3 Nomogram

A graphic nomogram was constructed to visualize the
logistic regression model, which allows for the calculation
of an individualized risk for intrapartum cesarean deliv-
ery (Fig. 3A,B). We also developed a friendly software-
based calculator that can give the percentage likelihood
of cesarean delivery. It can be found at: https://fang
can.shinyapps.io/Nomogramsex/, https://fangcan.shinyapp
s.io/nomogramnosex/.

4. Discussion
4.1 Summary of the Findings

Intrapartum cesarean delivery 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 and to minimize proce-
dures performed on women with low chances for a success-
ful vaginal delivery. Screening for high-risk women and
applying appropriate interventions may reduce the risk of
adverse outcomes. To achieve the best outcomes for moth-
ers and babies, medical staff need to provide the pregnant
women with the proper suggestion of delivery.

4.2 Included Predictors

The model highlight the importance of variables such
as maternal age, maternal height, baseline BMI, gestational
age, weight gain during pregnancy, degree of meconium-
stained amniotic fluid, indicator for occurrence of prema-
ture rupture of membranes and male fetus 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 [18,24–26]. Past studies also
found gestational age of induced labor and induction meth-
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Fig. 3. The nomograms of the two models. (A) The nomogram for Model 1 (B) The nomogram for Model 2.

ods were related to the incidence of caesarean [27,28]. The
ethnic disparity was observed in cesarean delivery rates,
Stark et al. [29] showed that the frequency of cesarean was
lowest in non-Hispanic white women and highest in non-
Hispanic black women. In addition, delivery time, clin-
icians’ personal beliefs and pregnant women themselves’
views of decision-making also have an impact on delivery
mode [30–32].

4.3 Comparison with Other Studies

Currently, given the maternal and fetal implications
of intrapartum cesarean, a number of prediction models
aimed at determining the likelihood of cesarean delivery
had been developed. A study by Levine et al. [11] used
a nomogram to develop and validate a predictive model for
women undergoing an induction of labor with an unfavor-
able cervix. Nulliparity, BMI, gestation age ≥40 weeks,
modified Bishop score, and height were significantly asso-

ciated with cesarean. This model with an AUC of 0.79 in
the development cohort and 0.73 in the validation cohort.
Jochum et al. [12] had developed a scoring system for pre-
dicting cesarean delivery after labor induction with cervical
ripening based on a secondary data analysis. Height, BMI,
gestational age, parity, dilation, effacement, fetal head sta-
tion, medical indication, suspicion of macrosomia, PROM
and concerning fetal status were found to be strongly asso-
ciated with cesarean delivery. The AUCROC in the deriva-
tion set and internal validation set were 0.76 and 0.74, re-
spectively. Rossi et al. [13] developed and validated a pre-
dictive risk calculator for cesarean among women undergo-
ing induction of labor. Seven independent risk factors were
found to be associated with an increased risk of cesarean
delivery, including prior vaginal delivery, maternal weight
at delivery, height, age, prior cesarean delivery, gestational
age at induction, andmaternal race. Themodel had an AUC
ROC of 0.787 (95% CI: 0.786–0.788), and it performed
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well on external validation (0.783, 95% CI: 0.764–0.802).
Kamel et al. [14] developed and validated a model for the
prediction of cesarean for failure to progress. The four in-
dependent predictive variables includedmaternal age, angle
of progression at rest, cervical length and occiput posterior
position. The calculated AUC ROC were 0.7969 (95% CI:
0.71–0.87) and 0.88 (95% CI: 0.79–0.97) for the developed
and validated models, respectively.

The applicability of these models to Chinese women is
uncertain. At the same time, China is a yellow race and peo-
ple 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 pre-
diction models and the Fertility Policy of China (fetal sex
identification is prohibited), this study established risk pre-
diction models suitable for low-risk pregnant women for
cesarean delivery through themultivariable Logistic regres-
sion analysis. These prediction models discriminated well
(Model 1: AUC was 0.755, Model 2: AUC was 0.748).
Moreover, an external validation of women from another
hospital was conducted, which demonstrated a consistent
measure of discrimination with the AUC of 0.7576 (95%
CI: 0.7311–0.7840) and 0.7578 (95% CI: 0.7313–0.7842),
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 applica-
tion 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.

4.4 Strengths and Limitations

To our knowledge, this is the first study to develop a
model for predicting the likelihood of cesarean delivery in
low-risk Chinese nulliparous women usingmaternal and fe-
tal factors. These models still show good prediction ability
in both internal and external validation populations. In par-
ticular, we performed external validation of the model us-
ing a separate dataset from another hospital in China, which
was lacking in many studies. In addition, based on the sta-
tistical analysis, the nomograms and the software-based cal-
culators were also created for individual risk assessment.

The limitation of this study may include the follow-
ing aspects. Firstly, this study has a retrospective design.
In addition, the definition of indications for intrapartum ce-
sarean was not completely consistent. The study [33] found
that the frequency of various indications for cesarean de-
livery changed over time. The decline in the rate of la-
bor arrest widely exceeding the increase in the rate of non-
reassuring fetal status. In settings where maternal age is
higher, in vitro fertilization conception more common and
local thresholds for intervention due to obstructed labor or
non reassuring fetal status are different, the performance
of their models may be different. In fact, it is difficult

to unify or standardize labor standard in clinical practice.
There will be individual differences among women and dif-
ferent interventions in labor. At the same time, the indi-
cation of intrapartum cesarean during labor is not only re-
lated to the progress of labor but also affected by pregnant
women, fetuses, and medical staff. Then, 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 nul-
liparous. Given the diversity of geography, economy, med-
ical level and environment throughout China, our findings
may not representative the Chinese population in many ju-
risdictions. Finally, the neonatal birth weight had been as-
sociated with an increased risk of cesarean, but it was not
included in the final prediction model because it could not
be accurately known before delivery. Further investigation
of model validity and impact before generalizing is impor-
tant and should be undertaken.

5. Conclusions

In conclusion, multivariable analysis showed that ma-
ternal age, height, baseline BMI, weight gain during preg-
nancy, gestational age, meconium-stained amniotic fluid,
presence of PROM and fetal sex were independent risk fac-
tors for cesarean delivery in this study. These variables
were used to develop a clinically useful calculator to predict
an individualized patient risk assessment for intrapartum
cesarean among low-risk nulliparous women at term. The
adjustment in China’s family planning strategy and the re-
lease of the second-child policy and three-child policy have
resulted in more pregnant women being faced with the
choice of delivery mode. The prediction model established
by these factors has a better prediction performance. Ob-
stetricians 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 ad-
ditional adverse effects. Those at low risk should be com-
forted and encouraged to adopt vaginal delivery. However,
before implementing a model into clinical practice, it is im-
portant to demonstrate its benefits. Further study is war-
ranted to optimize these models by conducting multicen-
ter researches studies with large samples. It is worth not-
ing that these models should be combined with the clinical
practice of patients rather than applied in isolation. It pro-
vides evidence-based knowledge to support their delivery
mode choices and to improve maternal and perinatal out-
comes and to optimize the allocation of resources.
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