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Purpose: This study was proposed to evaluate factors predicting a successful vaginal delivery following labor induction and develop
induction prediction model in term pregnancy among Thai pregnant women.
Patients and Methods: We conducted a retrospective cohort study using electronic medical records of 23,833 deliveries from
April 2010 to July 2021 at tertiary care university hospital in Bangkok, Thailand. Univariate regression was performed to identify the
association of individual parameters to successful vaginal delivery. Multiple logistic regression analysis of all possible variables from
univariate analysis was performed to develop a prediction model with statistically significant of p value <0.05.
Results: Of the total 809 labor-induced pregnancies, the vaginal delivery rate was 56.6%. Among predicting variables, history of
previous vaginal delivery (aOR 5.75, 95% CI 3.701–8.961), maternal delivery BMI <25 kg/m2 (aOR 2.010, 95% CI 1.303–3.286),
estimated fetal weight <3500 g (aOR 2.193, 95% CI 1.246–3.860), and gestational age ≤39 weeks (aOR 1.501, 95% CI 1.038–2.173)
significantly increased the probability of a successful vaginal delivery following labor induction. The final prediction model has been
internally validated. Model calibration and discrimination were satisfactory with Hosmer–Lemeshow test P = 0.21 and with AUC of
0.756 (95% CI 0.695–0.816).
Conclusion: This study determined the pragmatic predictors for successful vaginal delivery following labor induction comprised
history of previous vaginal delivery, maternal delivery BMI <25 kg/m2, estimated fetal weight <3500 g, and gestational age ≤39
weeks. The final induction prediction model was well-performing internally validated prediction model to estimate individual
probability when undergoing induction of labor. Despite restricted population, the predicting factors and model could be useful for
further prospective study and clinical practice to improve induction outcomes.
Keywords: labor induction, prediction model, prediction factor, Asian population

Introduction
Induction of labor (IOL) is defined as artificial stimulation to initiate uterine contractions before the spontaneous onset of
labor. IOL is indicated when the benefits to either the mother or fetus outweigh the risks of continuing pregnancy.1

Besides the advantages of IOL, it has cost and clinical implications, including higher maternal and neonatal complica-
tions due to their unpredictable duration and the probability of a successful vaginal birth. The induction process increases
the risk of postpartum hemorrhage and postpartum hysterectomy in pregnant women.2–4 In fetuses, this procedure can
induce uterine tachysystole, which is associated with fetal heart rate deceleration and fetal compromise.1 Therefore, the
likelihood of unplanned emergent cesarean deliveries is higher than that in spontaneous labor.

Currently, the rate of IOL among deliveries has continued to rise, accounting for 4.4% in Africa, 12.1% in Asia, and
approximately 20% in the United States and the United Kingdom.5 According to current obstetric practice, the trend of
induction only in late term (41 weeks of gestation) shifted to full term (39 weeks of gestation) in uncomplicated
pregnancies.6–9 Unfortunately, one fifth of labor inductions fail to achieve vaginal birth, particularly in nulliparous Asian
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women who are electively induced or have a medical indication (eg, diabetes mellitus, hypertension, and preeclampsia).
IOL in this group has the greater risk of cesarean section.10–13

For many years, studies were conducted to estimate the factors affecting the ability of IOL to achieve vaginal
delivery, such as maternal age, parity, body mass index (BMI), fetal birth weight,4,14–16 and the Bishop score, which is
composed of cervical characteristics and the station of presentation.14 These factors are commonly used to predict
a successful vaginal delivery following labor induction. However, the overall sensitivity and specificity to predict vaginal
delivery widely vary from 12% to 100% and 12% to 95%, respectively.17,18 Moreover, many published prediction models
for predicting a successful vaginal delivery following induction are often limited in their scope (eg, methodology and
performance) and generalizability because they included only women in a single center, with not many studies in the
Asian population.4,10,13,15

This study aimed to evaluate the prevalence of a successful vaginal delivery and the factors associated with this
success, and to develop a clinical prediction model of vaginal delivery following IOL.

Materials and Methods
Study Design and Population
We conducted a retrospective cohort study using electronic medical record data of 23,833 consecutive deliveries at
Ramathibodi Hospital, which is a tertiary care university hospital in Bangkok, Thailand, from April 2010 to July 2021.
The study design consisted of identifying predictive factors using multiple logistic regression analysis, construction of
a prediction model, and validation of the model. We included pregnancies that were indicated for IOL in the last 10
consecutive years with a single live fetus in the cephalic presentation, the women had no previous uterine scar, and the
women were induced after 37 weeks of gestation.

This study excluded pregnancies that had intrauterine fetal demise, a gestational age <37 weeks, indicated for
emergency cesarean section or decision to elective cesarean section at the admission time, presentation with spontaneous
labor pain (regular uterine contraction plus cervical dilation ≥4 cm with effacement ≥80%),19,20 a ruptured amniotic fluid
membrane, a contraindication for IOL, or unrestored electronic medical records.

DOI: http://dx.doi.org/10.17504/protocols.io.bztup6nw

Outcome and Predictors
The primary outcome was vaginal delivery following IOL. Over the last 10 years of induction practices in Ramathibodi
Hospital, delivery services have comprised resident practices, maternal–fetal medicine services, and private practices of
staff following the hospital’s IOL protocol. This protocol uses vaginal misoprostol 50 mcg every 6 hours,1 for
a maximum of four doses or until the cervical Bishop score is ≥8,21 or the membranes spontaneously rupture. Labor
was then managed as the active phase (Appendix 1).19,42–46

Potential associated variables for a successful vaginal delivery following IOL were secondary outcomes, which were
chosen on the basis of a systematic review of the literature and selected individual studies.4,5,10,11,15,16,18,22 The 19
included variables were categorized into maternal, cervical, and fetal factors. Definitions of presumed variables were
identified. Maternal age was recorded as complete years on the day of delivery. Gestational age was defined as completed
weeks calculated from the best estimated date of delivery (from the last menstrual period, the first accurate ultrasound, or
both). The estimated fetal weight was derived by transabdominal ultrasound before the induction process. The pre-
pregnant body weight was self-reported. If these data were missing, then the weight on the first visit to antenatal care was
recorded (Appendix 1).

Sample Size
The sample size was calculated using the formula for testing two independent proportions. At least 305 women in each of
the vaginal and cesarean delivery groups were required to examine the possible associated factors, with a power of 80%
and a 5% alpha error, and an additional 10% data loss.10,23
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In the model development phase, all included subjects were randomly divided into two groups to diversely distribute
any updated conditions over 10 years, such as induction indications and the recommended gestational age of delivery in
individual conditions. A total of 566 (70%) women were included to develop the prediction model and 243 (30%) were
used for internal validation of the final model.

Missing Data
For variables with ≤10% of missing data, a randomly missing pattern was examined by the t-test. If data were randomly
missing, single imputation modeling with predictive mean matching was used to substitute missing values with estimates.
Variables with >10% of missing data or those that were not randomly missing were omitted from the model development
phase.

Statistical Analyses
The patients’ characteristics are shown as the mean ± standard deviation and proportion (%). A univariate regression
was performed to identify the association of individual parameters with successful vaginal delivery. Continuous
variables were tested by Student’s t-test for equality of means. Categorical variables were compared using the
Pearson chi-square test or the Mann–Whitney U-test according to their distribution. All possible variables from
univariate regression with p values <0.1 were confirmed as independent variables by chi-square test and interaction
effect by t-test. We included the significant variables with P < 0.05 to adjust the prediction models by backward stepwise
multiple logistic regression analysis. Statistical testing of predictive factors was conducted with p < 0.05, which was
considered to be significant for inclusion in the prediction model. Associations were summarized using odds ratios
(ORs) and corresponding 95% confidence intervals (CIs) estimated from the final model. Model calibration was
assessed by dividing the development cohort into deciles, which were plotted to predict the probability of vaginal
delivery. The Hosmer–Lemeshow test was used to evaluate the goodness-of-fit for the model (p < 0.05 indicated
a significant lack of fit). The discriminatory ability of the prediction model was assessed using the area under the
receiver operating characteristic curve. Finally, likelihood ratios were calculated for each range of predictive probability.
The final model was internally validated. The analysis was performed using STATA software package, version 16.1
(Stata Corp, College Station, TX, USA).

Ethical Approval
The study was approved by the Office of The Committee for Research, Faculty of Medicine Ramathibodi Hospital,
Mahidol University (COA.MURA2020/167) to access electronic medical records of pregnant patients who were enrolled
in the study. The written informed consents were waived by the institutional review board because of the retrospective
type of the study. Medical data and personal information were confidentially maintained, anonymously collected, and
conducted in accordance with the Declaration of Helsinki.

Data Sharing Statement
The authors intend to share individual participant data that underlie the results reported in this article, after deidentifica-
tion (text, tables, figures, and appendices). The data include study protocol, statistical analysis plan and analytic code.
While the other study documents can be available by sending proposals directed to wirada.han@mahidol.ac.th. To gain
access, data requestors will need to sign a data access agreement. The data will be available immediately following the
publication and there is no end date.

Results
Among the 23,833 deliveries during the study period, we identified 1011 pregnancies with the indication for IOL. The
prevalence rate gradually increased from 2.98% in 2010 to 4.55% in 2020. Of the 202 excluded pregnant women, 72 had
unrestored electronic medical records. Of the remaining 130 excluded women, women presented with spontaneous labor
pain, cesarean section was indicated, the gestational age was <37 weeks, there was intrauterine fetal demise, or the
mother decided to have an elective cesarean section (Figure 1).
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Overall, 809 pregnancies were included in this study. The successful vaginal delivery rate following IOL was 56.6%,
and the cesarean section rate was 43.4%. The decision for cesarean section was based on maternal indications (eg, failure
for the cervix to ripen after four doses of misoprostol and non-progress of labor or cephalopelvic disproportion) and/or
fetal indications, of which most were an abnormal fetal heart rate tracing in the National Institute of Child Health and
Human Development (NICHD) category II or III.24

With regard to maternal parameters, a univariate analysis showed that pre-pregnancy BMI, weight at delivery, BMI at
delivery and weight gain during pregnancy were significantly lower in pregnant women in the vaginal delivery group
than in those who were in the cesarean section group after IOLs (all p < 0.05). BMI < 25 kg/m2 at delivery and a history
of previous vaginal delivery were significantly associated with a successful vaginal delivery following IOL (both p <
0.05). Maternal height in the vaginal delivery group was significantly higher than that in the cesarean section group (p =
0.018) (Table 1).

With regard to cervical characteristics, the parameters that were significantly associated with successful vaginal delivery
following IOL were cervical dilatation, cervical effacement, and the pre-induction cervical Bishop score (all p < 0.05). The
cervix in the vaginal delivery group was more favorable compared with that in the cesarean section group (p = 0.007).

With regard to fetal characteristics and pregnancy factors, gestational age, estimated fetal weight (by ultrasound), and
fetal birth weight in the cesarean section group were significantly higher than those in the vaginal delivery group (all p <

Figure 1 Patient selection flow chart.
Abbreviations: IOL, induction of labor, CS, cesarean section, GA, gestational age, IUFD, intrauterine fetal death, EMR, electronic medical record, CPD, cephalopelvic
disproportion.
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Table 1 Maternal Demographic and Clinical Characteristics of Pregnancies Undergoing Induction of Labor

Vaginal Delivery
(n = 458)

Cesarean Delivery
(n = 351)

p value

Maternal characteristics

Age (years) 31.2 ± 6.0 31.6 ± 5.8 0.372

Age group (years) 0.578

< 35 288 (62.9) 214 (61.0)

≥ 35 170 (37.1) 137 (39.0)

Height (cm) 159.6 ± 5.7 158.6 ± 6.0 0.018*

Height group (cm) 0.501

< 160 237 (51.7) 190 (54.1)

≥ 160 221 (48.3) 161 (45.9)

Pre-pregnancy weight (kgs) 60.6 ± 14.4 62.1 ± 14.8 0.152

Pre-pregnancy BMI (kg/m2) 23.8 ± 5.4 24.6 ± 5.4 0.031*

Weight at delivery (kgs) 73.3 ± 13.7 76.5 ± 14.8 0.001*

BMI at delivery (kg/m2) 28.7 ± 4.90 30.3 ± 5.2 <0.001*

BMI at delivery (kg/m2) in group 0.001*

< 25 353 (77.1) 302 (86.0)

≥ 25 105 (22.9) 49 (14.0)

Weight gain during pregnancy (kgs) 12.8 ± 7.1 14.7 ± 6.6 <0.001*

Previous vaginal delivery <0.001*

0 246 (53.7) 304 (86.6)

≥ 1 212 (46.3) 47 (13.4)

Cervical characteristics

Dilatation (cm) 0.9 ± 0.8 0.7 ± 0.8 <0.001*

Effacement (%) 29.4 ± 23.1 24.8 ± 24.1 0.006*

Bishop score 3.5 ± 1.9 3.2 ± 2.0 0.007*

Fetal characteristics

Gestational age (weeks) 39.2 ± 1.4 39.7 ± 1.4 <0.001*

Gestational age group (weeks) <0.001*

37–39 270 (59.0) 151 (43.0)

>39 188 (41.0) 200 (57.0)

Estimate fetal weight (grams) 2989.6± 428.3 3136.7± 451.7 <0.001*

Estimate fetal weight group (grams) <0.001*

≤3500 416 (90.8) 284 (80.9)

> 3500 42 (9.2) 67 (19.1)

Fetal birth weight (grams) 3057.5± 425.4 3248.4± 496.0 <0.001*

(Continued)
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0.001). Similarly, gestational age in the subgroup of 37–39 weeks and the estimated fetal weight, particularly in the
subgroup of <3500 g, were significantly related to a successful vaginal delivery following IOL (both p < 0.001).
Induction by the indication of diabetes mellitus, fetal growth restriction, and induction in full-term pregnancy were
significantly associated with vaginal delivery (all p < 0.001) (Table 2). The amount of amniotic fluid was not significantly
different between the vaginal delivery group and the cesarean section group following IOL.

Using backward stepwise multivariate logistic regression, the final prediction model (Appendix 2) showed that
a history of previous vaginal delivery, maternal BMI < 25 kg/m2 at delivery, gestational age ≤39 weeks, and estimated
fetal weight <3500 g were significantly associated with the probability of vaginal delivery following IOL (Table 3). The
strongest contributing variable was a history of vaginal delivery, which increased the probability of vaginal delivery in

Table 2 Maternal and Fetal Indications of Pregnancies Undergoing Induction of Labor

Variables Vaginal Delivery
(n = 458)

Cesarean Delivery
(n = 351)

p value

Induction indication <0.001*

Maternal
Diabetes mellitus in pregnancy 170 (37.1) 100 (28.5) 0.010*

Hypertensive disorder in pregnancy 67 (14.6) 45 (12.8) 0.460
Other maternal condition 5 (1.1) 7 (2.0) 0.545

Fetal
Late term or post term 148 (32.3) 168 (47.9) <0.001*

Fetal growth restriction 59 (12.9) 18 (5.1) <0.001*

Oligohydramnios 8 (1.7) 7 (2.0) 0.796
Fetal diseases 1 (0.2) 6 (1.7) 0.047*

Notes: Data present in mean ± SD or N (%); *Statistically significant (p < 0.05).

Table 3 Multiple Regression Analysis of Final Model Predicting Successful Vaginal Delivery Following Induction of Labor

Variables β aOR 95% CI p value

History of previous vaginal delivery 1.751 5.759 3.701–8.961 <0.001

Delivery BMI < 25 kg/m2 0.727 2.010 1.303–3.286 0.002

EFW < 3500 grams 0.785 2.193 1.246–3.860 0.006

Gestational age ≤ 39 weeks 0.406 1.501 1.038–2.173 0.031

Abbreviations: BMI, body mass index; GA, gestational age; EFW, estimated fetal weight.

Table 1 (Continued).

Vaginal Delivery
(n = 458)

Cesarean Delivery
(n = 351)

p value

Amniotic Fluid

Normal 435 (95) 324 (92.3) 0.348

Oligohydramnios 22 (4.8) 26 (7.4)

Polyhydramnios 1 (0.2) 1 (0.3)

Notes: Data present in mean ± SD or N (%); *Statistically significant (P < 0.05).
Abbreviation: BMI, body mass index.
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nulliparous women by more than five-fold (adjusted OR [aOR] 5.759, 95% CI 3.701–8.961). An estimated fetal weight
<3500 g and maternal BMI < 25 kg/m2 at delivery were associated with a more than two-fold increased probability of
vaginal delivery (aOR 2.193, 95% CI 1.246–3.860; and aOR 2.010, 95% CI 1.303–3.286, respectively). IOL at
a gestational age ≤39 weeks also had a positive correlation with a successful vaginal delivery (aOR 1.501, 95% CI
1.038–2.173).

The performance of the model was determined by calibration and discrimination (Figure 2). The expected rate of
vaginal delivery by deciles of predicted probability was considered satisfactory, as demonstrated by a histogram
(Figure 2A) and the Hosmer–Lemeshow goodness-of-fit test (X2 = 4.26, p = 0.21). The receiver operating characteristic
curve for the development model had an area under the curve (AUC) of 0.732 (95% CI 0.692–0.772) (Figure 2B). The
predicted probability cutoff of 0.567 had the most optimal sensitivity and specificity values, and was determined as
a “positive test”. Individual pregnancies that scored ≥0.567 were predicted to have a successful vaginal delivery and
those that scored <0.567 were predicted to have cesarean section after undergoing IOL. With this cutoff, the sensitivity
was 62.85%, and the specificity was 72.43%.

The cutoff score was calibrated, and deciles were stratified into seven ranks from 0.350 to 0.906. The estimated
positive likelihood ratio of successful vaginal delivery for each score was 1.54, 2.28, 2.61, 3.10, 4.81, and 19.56
compared with the lowest probability risk score group (Table 4).

Using the validation set (n = 243), the predictive model was internally validated, and the calibration was considered
satisfactory with a Hosmer–Lemeshow test value of X2 = 5.972 (p = 0.31). The discriminatory ability of the predictive
model showed an AUC of 0.756 (95% CI 0.695–0.816). Using the same cutoff value, the sensitivity was 64.20% and the
specificity was 73.2%.

Discussion
For decades, various prediction models have been developed to determine the likelihood of vaginal birth following IOL.
However, no specific published models have widespread applicability or can currently be recommended for clinical
practice because they are limited in generalizability, methodology, and/or performance. Although many prediction
models have been previously reported, they are specific to the population (eg, pregnancy with hypertensive disorders,
nulliparous women, and preterm induction).7,20,25,26

We aimed to identify predictors of vaginal delivery following IOL in Thai pregnancies that might be representative
characteristics of Asian women and fetuses, particularly in Southeast Asia. The features of our model were the distinctive
cutoff of each associated predictor of vaginal delivery following IOL in the Asian population. Each predictor was
accessible, factual, and not dependent on personal experience, and they were derived from maternal demographic
variables, antenatal history, and fetal characteristics.

Figure 2 Model performance for predicting successful vaginal delivery following IOLs in term of calibration and discrimination performance. (A) Histogram of predicted
probability of vaginal delivery with Hosmer-Lemeshow goodness-of-fit test X2 = 4.26, p = 0.21 (B) Receiver operating characteristic curve of the final model. Area under the
curve 0.732, (95% CI 0.692–0.772).
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As a result of a multi-level decision to perform cesarean section (resident practices, general obstetricians and
maternal–fetal medicine services), the cesarean section rate (43.4%) following IOL in this study was relatively high
during last 10 years. This finding was correlated with our overall primary cesarean section rate of 30–35%. The
individual judgement of obstetricians who cared for the patients could have been a confounder for induction failure
and the cesarean section indication for cesarean section. According to the consensus of cephalopelvic, disproportion or
induction failure criteria cannot be applied to every case before making the decision.27 However, our model had
a sensitivity of 62.85% and a specificity of 72.43% to predict the probability of vaginal delivery with a good
discrimination (AUC 0.756, 95% CI 0.695–0.816) compared with prior published models, which had an AUC that
ranged from 0.68 to 0.82.20,28 Therefore, our model showed a good performance.

The strongest contributing variable in this study was the maternal history of previous vaginal delivery, which is
similar to a previous study that affirms pelvic adequacy for further vaginal birth.3,25 In many studies, maternal
overweight and obesity were significantly associated with a higher risk of cesarean delivery, particularly in low- and
middle-income countries.3,20,28,29 In high-income countries (eg, Europe, Central Asia, and South Asia), a BMI ≥ 25 kg/
m2 was associated with an emergency cesarean section.29 Similarly, in our model, maternal BMI < 25 kg/m2 at delivery
significantly increased the probability of vaginal birth. Additionally, the pattern of overweight and obesity differs
between ethnicities, countries, regions, and the level of income.30,31

With regard to fetal factors, our model showed that IOL at a gestational age ≤39 weeks promoted vaginal delivery,
independently of birthweight. This finding is consistent with some randomized trials and meta-analysis.6–8 These studies
showed that elective IOL at 39 weeks was associated with a significantly lower risk of cesarean delivery and adverse
perinatal outcomes compared with that with expectant management beyond this gestational age. The lower rate of
cesarean section in pregnant woman who elective induction of labor at 39 weeks of gestation from recent systematic
review was 16.7%32 which is still higher than the ideal rate from WHO recommendation of 10% to 15%.33 In Thailand,
especially in our institute, we induced labor of low-risk pregnancy at gestational age 41 weeks – 41 weeks + 6 days. In
this practice, our primary cesarean rate is 30–35%, which is comparable with the national data.34 Shifting the induction
of labor to 39 weeks of gestation might lower the cesarean section rate. Despite this, it may not be as low as the ideal
number.

Recent studies have shown that the estimated fetal weight by ultrasound is accurate nowadays. A systematic review
showed that the formula used to calculate the estimated fetal weight by ultrasound consistently produced random errors
below 10%.35 Other studies showed that, in pregnancies with macrosomia and a birth weight >4000 g, there was an
increased risk of an emergency cesarean section.36,37 This finding is consistent with the difference in estimated fetal
weight and fetal birth weight in our study. Asian neonates with normal growth usually have a lower birthweight

Table 4 Vaginal Delivery Probability Risk Score and Likelihood Ratios Stratification

Probability Risk Score Outcomes Sensitivity (%) Specificity (%) LR+

Vaginal Delivery Cesarean
Delivery

Rate of
Vaginal Delivery (%)

≥0.350 62 116 34.8 100.00 0.00 1.00

≥0.488 58 60 49.2 80.80 47.74 1.54

≥0.583 33 18 64.7 62.85 72.43 2.28

≥0.664 34 16 68.0 52.63 79.84 2.61

≥0.772 40 18 69.0 42.11 86.42 3.10

≥0.846 70 14 83.3 29.72 93.83 4.81

≥0.906 26 1 96.3 8.05 99.59 19.56

Abbreviation: LR+, positive likelihood ratio.
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compared with those in Western countries.38 Our model showed that IOL with an estimated fetal weight <3500 g (90th
percentile of Thai neonates’ birthweight)39 increased the probability of vaginal birth.

Based on clinical practice, the Bishop score and cervical ripening are important tools to determine the potential
success of IOL.14 Using univariate analysis in this study, the cervical factors consisting of cervical dilatation, cervical
effacement, and the Bishop score were associated with a successful vaginal delivery. However, these parameters were
diversified by physician evaluating performance, since many compositions of the Bishop score such as the cervical
consistency and cervical position are relatively subjective evaluation. As a result, cervical characteristics were not
significantly associated with a successful vaginal delivery in multivariate analysis and the model development phase.
A systematic review showed that the initial Bishop score did not affect the route of delivery after IOL.40 Therefore,
cervical parameters were removed from the final model.

Strength and Limitation
The main strengths of our study are the specific predictors and cutoff values that were more specific for Asian women,
particularly among Southeast Asians. The model that we used has been internally validated with good discrimination and
calibration after recalibration of the model.41 This model can help pregnant women and physicians to appreciate the
probability and likelihood of success in vaginal delivery when undergoing IOL. All included variables in the final
prediction model consisted of demographic data, obstetric history, and fetal characteristics, which can be evaluated at the
outpatient clinic before making the decision to perform IOL.

There are several limitations to the study, including a uniform population that only included Thai women, which
could limit their external validity. Therefore, this study requires external validation in other populations before wide-
spread clinical application. Additionally, there was a restricted variety of induction regimens that could compromise the
generalizability of the study.

Conclusion
This study shows that a maternal BMI < 25 kg/m2 at delivery, gestational age ≤39 weeks, estimated fetal weight ≤3500 g,
and history of previous vaginal delivery are significant predictors of a successful vaginal delivery following IOL. These
factors are pragmatic for clinical application, and the model used in this study has a good clinical application for
estimating the individual probability of vaginal delivery and providing information to pregnant women before the
induction procedure. However, the use of the model is not intended to preclude the IOL in those with low probability
calculated from the risk score.
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