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Introduction

Labor induction is one of the most common obstetrical pro-
cedures, involving nearly 20% of all deliveries; and the rate 
continues to rise [1]. In the US, the rate of labor induction has 
increased steadily from 9.5% in 1990 to 22.8% in 2007 [2]. 
This increase is attributed to a rise in elective induction [1,3]. 
Induction of labor is indicated when benefits (maternal or fe-
tal) of elective early delivery outweigh potential risks imposed 
by continuing the pregnancy [4], typically in instances of post-
term pregnancy, premature rupture of membranes (PROM), oli-
gohydramnios, fetal growth restriction, hypertension, diabetes 
mellitus, and other maternal or fetal diseases. 

A major concern of labor induction is that elective labor 
induction may increase the risk of cesarean section (CS). A 
number of studies indicate a higher risk of CS in nulliparous 

and multiparous women undergoing labor induction, com-
pared with instances of spontaneous labor [3-6], while others 
suggest that labor induction is not a factor in determining the 
risk of CS [1,2,7]. Although this topic has long been debated 
world-wide, there are only a few published reports on the risk 
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of CS after labor induction in Korean population and they are 
limited to nulliparous women with PROM or women at or be-
yond 41 weeks of gestation [8,9].

The purpose of this study was to evaluate the risk of CS with 
labor induction in nulliparous and multiparous women with-
out PROM at term. It was also important to discern whether 
induction itself or the circumstances leading to induction were 
critical as correlates of CS rate. Additionally, we focused on 
whether progression of labor was associated with labor induc-
tion by assessing the duration of labor and CS rate during the 
first and second stage of labor.

Materials and methods 

A retrospective analysis was conducted at our tertiary prenatal 
center, in which we recruited women whose labor was either 
electively induced or spontaneous at 37+0 to 41+6 weeks of 
gestation between January 2008 and June 2009. This study 
was approved by the Institutional Review Board for Clinical 
Research in our institute. Exclusion criteria were 1) multiple 
pregnancies, 2) planned CS, 3) PROM, 4) placental abruption, 
5) in utero fetal death, and 6) non-obstetrical medical diseases. 
Gestational age was estimated by the date recorded as the 
first day of the last menstrual period or gauged using prenatal 
ultrasound measurements.

Patients were stratified by the nature of labor into induction 
and spontaneous groups. Indications of labor induction were 
classified into eight categories: past the due date, hyperten-
sion, diabetes, small-for-gestational age, large-for-gestational 
age, oligohydramnios, patient’s demand, and others. Past the 
due date was defined as a gestational age at 40+0 to 41+6 
weeks. Hypertension included gestational hypertension, pre-
eclampsia, superimposed preeclampsia, and chronic hyperten-
sion. Diabetes included gestational diabetes and overt diabe-
tes. Small-for-gestational age and large-for-gestational age 
were defined as estimated fetal weight by ultrasound smaller 
than the 10th percentile and greater than the 90th percentile 
for gestational age, respectively.

Labor was induced using a vaginal prostaglandin E2 pessary (10 
mg of dinoprostone) or oxytocin, either alone or in sequence. 
Cervical ripening status was given a Bishop score on admis-
sion. At a score of 4 or less, a vaginal prostaglandin E2 pessary 
was inserted for cervical ripening and maintained for up to 10 
hours, unless rupture of the membranes, signs of fetal distress, 
or regular contractions necessitated earlier withdrawal. 

Women with spontaneous active labor pain on admission 
were assigned to the spontaneous group. Active labor pain 
was defined as regular, painful uterine contractions with pro-
gressive cervical dilatation. Oxytocin was used to augment 
inadequate uterine contractions. Continuous electronic fetal 
monitoring was used for all patients. Epidural analgesia (if 
elected) was provided as a continuous infusion of ropivacaine 
plus fentanyl.

The following data were extracted from the medical records: 
demographic and obstetric characteristics, pregnancy-related 
complications, indications for labor induction, cervical examina-
tion, gestational age (on admission and at delivery), duration of 
labor by stage, mode of delivery, and neonatal outcome. The 
duration of the first stage of labor was calculated from the initia-
tion of active labor with a cervical dilatation of 3 cm or more to 
full cervical dilatation, and the duration of the second stage of 
labor was calculated from the full cervical dilatation to the deliv-
ery of the baby. However, in order to analyze the effect of labor 
induction on the duration of labor, patients who had undergone 
CS before completing the first or second stage of labor were 
excluded in the comparison of labor duration between the two 
groups. Induction failure was diagnosed when a woman did 
not enter active labor pain 1 or 2 days after oxytocin infusion, 
but the decision to perform a CS for induction failure was made 
with the discretion of the attending physician.

All statistical analyses relied on standard software (IBM SPSS 
ver. 19, IBM Corp., Armonk, NY, USA). Student’s t-test was 
employed to compare continuous variables, and categorical 
variables were compared between groups via chi-square or 
Fisher’s exact test. Multiple logistic regression analysis was uti-
lized to indicate whether labor induction correlated indepen-
dently with the risk of cesarean delivery once adjusted for CS-
related confounders. All tests were two-tailed, with statistical 
significance set at P<0.05.

Results

During the study period, 2,500 women had term deliveries at 
our institute. A total of 1,125 were excluded using exclusion 
criteria. Labor was induced in 497 women, and 878 women 
had spontaneous labors (Table 1). The most common indica-
tion for labor induction was the past the due date (Fig. 1A). 
The indications of labor induction were different for nullipa-
rous and multiparous women (Fig. 1B, C). CS rate by indica-
tion for labor induction was variable (Fig. 2); highest for hyper-
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tension (27%), followed by large-for gestational age (24.3%) 
and diabetes (24.0%). CS rate by gestational age showed a 
“J-shaped” curve (Fig. 3); 15.7% in 37 weeks, lowest in 38 
(5.8%) and 39 (6.2%) weeks, and a steadily increasing rate 
after 40 weeks of gestation (10.4% and 18.8%, at 40 and 41 
weeks of gestation). However, higher CS rates in nulliparous 
women (vs. multiparous women) and in the induction group 
(vs. spontaneous group) were observed in all gestational 
weeks (Fig. 3).

The demographic and obstetrical characteristics of the study 

population at the time of admission are shown in Table 1. 
Compared to women in the spontaneous group, women in 
the induction group were older, had a higher body mass in-
dex, and had a more favorable cervix at the time of admission. 
More women in the induction group had hypertension and 
diabetes than those in the spontaneous group.

Labor outcomes are detailed in Table 2. CS rate was nearly 
three times higher in the induction group compared to the 
spontaneous group (17.3% vs. 5.3%, P<0.001), with primary 
indications of failure to progress (9.7%), failure of labor induc-
tion (5.0%), and fetal distress (2.6%) in the induction group 

Table 1. Baseline characteristics

Spontaneous group
(n=878)

Induction group
(n=497) P-value

Age (yr) 31.2±3.6 32.0±3.8 0.001

Parity 0.526

Nulliparous 536 (61.0) 312 (62.8)

Multiparous 342 (39.0) 185 (37.2)

BMI (kg/m2) 25.5±2.9 26.5±3.3 <0.001
Cervical status on 

admission
Dilatation (cm) 2 (0, 10) 1 (0, 5) <0.001

≤2 454 (51.7) 462 (93.0)

3–4 339 (38.6) 34 (6.8)

≥5 85 (9.7) 1 (0.2)

Effacement (%) 75 (0, 100) 0 (0, 90) <0.001

0–30 78 (8.9) 330 (66.4)

40–50 238 (27.1) 130 (26.2)

60–70 336 (38.3) 33 (6.6)

≥80 226 (25.7) 4 (0.8)

Station -2 (-3, 3) -3 (-3, 0) <0.001

≤-2 777 (88.5) 477 (96.0)

-1 65 (7.4) 18 (3.6)

0 17 (1.9) 2 (0.4)

≥1 19 (2.2) 0 (0%)

Bishop score 6 (0, 13) 2 (0, 11) <0.001

≤4 185 (21.1) 384 (77.3)

5–6 290 (33.0) 95 (19.1)

>6 403 (45.9) 18 (3.6)

GA on admission (wk) 39.6±0.9 39.8±1.2 0.001

GA at delivery (wk) 39.6±0.9 40.0±1.2 <0.001

Hypertension 14 (1.6) 47 (9.5) <0.001

Diabetes 24 (2.7) 31 (6.2) 0.001

Data expressed as mean±standard deviation, median (minimum, 
maximum), or count (%).
BMI, body mass index; GA, gestational age.
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DM (25, 5.0%)
Patient’s demand (29, 5.8%)

SGA (32, 6.4%)

Past the due date (255, 51.3%)

Others (34, 6.8%)

LGA (37, 7.4%)

Hypertension (37, 7.4%)

Oligohydramnios (48, 9.7%)

Patient’s demand (8, 2.6%)

Past the due date (182, 58.3%)

Hypertension (8, 4.3%)
SGA (11, 5.9%)

DM (11, 5.9%)

Patient’s demand (21, 11.4%)

Others (23, 12.4%)
LGA (23, 12.4%)

Past the due date (73, 39.5%)
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Others (11, 3.5%)
LGA (14, 4.5%)

SGA (21, 6.7%)

DM (14, 4.5%)

Hypertension (29, 9.3%)

Oligotydramnios (33, 10.6%)

Fig. 1. Indications for labor induction in all subjects (A), in nulliparous 
women (B), and in multiparous women (C). DM, diabetes mellitus; SGA, 
small-for-gestational age; LGA, large-for-gestational age.
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Fig. 2. Cesarean section (CS) rate by indication for labor induction. 
DM, diabetes mellitus; SGA, small-for-gestational age; LGA, large-for-
gestational age.
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and failure to progress (4.7%) and fetal distress (0.7%) in the 
spontaneous group. The CS rate due to failure of progression 
during the first stage of labor was significantly higher in the 
induction (vs. spontaneous) group. In contrast, there was no 
statistically significant difference in the CS rate due to failure 
of labor during the second stage of labor. The two groups did 
not differ significantly in terms of duration of labor.

The mean birth weight was larger and large-for-gestational-
age neonates were more common in the induction group 
compared to the spontaneous group, whereas other neonatal 
outcome variables, including gender, Apgar scores (1 minute 
and 5 minutes), and neonatal intensive care unit admission 
rate, were similar.

In nulliparous women, induced labor was associated with a sig-
nificantly higher CS rate and vacuum-assisted delivery (Table 3). 

The indications of CS were significantly different between 
the two groups, but the CS rate for failure to progress during 
the second stage of labor was similar in the two groups. In 
multiparous women, induced labor was also associated with a 
significantly higher CS rate and vacuum-assisted delivery, but 
induction failure was the only factor that resulted in a higher 
CS rate.

Once adjusted for potential confounding factors, the inde-
pendent risk factors for CS in both groups were as follows: 
maternal age, body mass index (BMI), Bishop scores, and 
parity (Table 4). We used multiple logistic regression analysis 
for potential confounders. Higher maternal age, higher BMI, 
lower Bishop scores, and nulliparity were shown to increase 
the risk of CS. In contrast, gestational age on admission, hy-
pertension, diabetes, and neonatal body weight did not affect 
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Fig. 3. Cesarean section (CS) rate by gestational age in (A) nulliparous 
women vs. multiparous women, and (B) in the spontaneous labor group 
vs. labor induction group.

Table 2. Labor and neonatal outcomes

Spontaneous group
(n=878)

Induction group
(n=497) P-value

Epidural anesthesia 712 (81.1) 405 (81.5) 0.857

Delivery mode

Vaginal delivery 831 (94.6) 411 (82.7) <0.001

Spontaneous 775 (88.3) 358 (72.0) <0.001

Vacuum assisted 56 (6.4) 53 (10.7) <0.001

Cesarean section 47 (5.3) 86 (17.3) <0.001

Induction failure 0 (0) 25 (5.0) 0.711

Fetal distress 6 (0.7) 13 (2.6) 0.711

Failure to progress 41 (4.7) 48 (9.7) <0.001

First stage 9 (1.0) 20 (4.0) <0.001

Second stage 32 (3.6) 28 (5.6) 0.083

Duration of labor (min)a)

First stage 232.5±167.9 247.9±192.6 0.167

Second stage 76.4±68.5 76.6±62.3 0.964

First and second stage 307.5±201.2 324.5±216.7 0.172

Neonatal outcome <0.001

Birth weight (kg) 3.2±0.4 3.3±0.5 0.001

Gender (male) 455 (51.8) 266 (53.5) 0.545

1-min AS <4 11 (1.3) 2 (0.4) 0.117

5-min AS <7 6 (0.7) 2 (0.4) 0.718

SGA 120 (13.7) 78 (15.7) 0.304

LGA 56 (6.4) 66 (13.3) <0.001

Admission to NICU 12 (1.4) 4 (0.8) 0.439

Data expressed as mean±standard deviation or count (%).
AS, Apgar score; SGA, small-for-gestational age; LGA, large-for-
gestational age; NICU, neonatal intensive care unit.
a)Subjects who underwent cesarean section before completing the first or 
second stage of labor were excluded in the analysis.
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the CS rate. In particular, labor induction and CS rate were 
unrelated.

Discussion

This study was conducted to determine whether induction 
of labor (as opposed to spontaneous onset) in singleton term 
deliveries with cephalic presentation heightens the risk of CS 
in nulliparous and multiparous women. In group comparisons 
of factors affecting CS and labor outcomes, the CS rate was 
three times higher with induced (vs. spontaneous) labor, re-
gardless of parity, and significant between-group differences 
were evident in relation to maternal age, BMI, Bishop score, 

gestational age, hypertension, and diabetes. Once adjusted for 
confounding factors, however, only maternal age, BMI, Bishop 
scores, and parity correlated significantly with a higher CS rate. 
Importantly, labor induction in itself had no significant impact 
on CS rate.

Our study also examined progression of induced labor in 
conjunction with CS rate. The most common indication for CS 
was failure to progress, especially at the first stage of labor. We 
found that patterns of labor progression did not differ substan-
tially in induction and spontaneous labor groups. On the other 
hand, there has been considerable controversy in the literature 
surrounding the risk of CS. A number of studies have indi-
cated that labor induction is independently associated with a 
higher (2- to 3.5-fold) risk of CS in nulliparous and multiparous 
women alike [3,4,10-14]. Our data support this contention, al-
though in the adjusted analysis of factors correlating with this 
higher rate, labor induction had no bearing at all. 

Ehrenthal et al. [3] have reported that labor induction raises 
the risk of CS twofold, having adjusted for confounding fac-
tors (i.e., gestational age, maternal age, and maternal body 
weight). However, their cohort study was limited to nulliparous 
women, and they did not address patient management with 
PROM. An investigation by Seyb et al. [12] corroborated these 
outcomes with labor induction while including pregnancies 
with PROM in the study population. Studies often show that 
the course of labor is impacted by PROM [15,16], which should 
be categorized separately, in addition to induction and sponta-
neous labor groups. Indeed, findings may be altered by doing 
this. In our study, we excluded women with PROM because: 1) 
Among women with PROM, some may already have sponta-
neous labor pain at the time of admission to hospital and some 

Table 3. Delivery mode and indications of cesarean section by parity

Nulliparity Spontaneous group
(n=536)

Induction group
(n=312) P-value Multiparity Spontaneous group

(n=342)
Induction group

(n=185) P-value

Vaginal delivery 490 (91.4) 233 (74.7) <0.001 Vaginal delivery 341 (99.7) 178 (96.2) 0.002

Spontaneous 438 (81.7) 188 (60.3) <0.001 Spontaneous 337 (98.5) 170 (91.9) 0.027

Vacuum assisted 52 (9.7) 45 (14.4) 0.001 Vacuum assisted 4 (1.2) 8 (4.3) 0.027

Cesarean section 46 (8.6) 79 (25.3) <0.001 Cesarean section 1 (0.3) 7 (3.8) 0.002

Induction failure 0 (0) 22 (7.1) - Induction failure 0 (0) 3 (1.6) -

Fetal distress 6 (1.1) 12 (3.8) 0.008 Fetal distress 0 (0) 1 (0.5) 0.351

Failure to progress 40 (7.5) 44 (14.4) 0.001 Failure to progress 1 (0.3) 3 (1.6) 0.127

First stage 9 (1.7) 20 (6.4) <0.001 First stage 0 (0) 0 (0) -

Second stage 31 (5.8) 25 (8.0) 0.207 Second stage 1 (0.3) 3 (1.6) 0.127

Data expressed as count (%).

Table 4. Multiple logistic regression analyses of cesarean section control-
ling for potential confounding variables

Variable Adjusted OR 95% CI P-value

Age (yr) 1.127 1.065–1.193 <0.001

BMI (kg/m2) 1.136 1.069–1.207 <0.001

Bishop score 0.842 0.769–0.922 <0.001

GA on admission (day) 1.005 0.974–1.037 0.763

Hypertension 1.799 0.885–3.656 0.105

Diabetes 1.301 0.525–3.224 0.569

Birth weight (kg) 1.444 0.879–2.373 0.147

Multiparity 0.058 0.026–0.127 <0.001

Labor induction 1.581 0.950–2.631 0.078

OR, odds ratio; CI, confidence interval; BMI, body mass index; GA, 
gestational age.
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may undergo labor induction, but it is difficult to discriminate 
between the two conditions by reviewing the medical records 
retrospectively, and 2) PROM itself may have some effect on 
the progression of labor and the CS rate.

In another retrospective study, Caughey et al. [17] discovered 
that the CS risk in a labor induction group (at 38 to 41 weeks 
of gestation) was lower than that in a control group of women 
who were expectantly managed. However, the major limitation 
of this study is the lack of data on cervical Bishop scores, mak-
ing it vulnerable to considerable selection bias. In general, labor 
induction is more common in women with an unfavorable cer-
vical status. These authors also reviewed 36 related studies and 
concluded that labor induction actually lowers the CS rate [2]. 

Michelson et al. [15] further maintained that parity, hyper-
tension, diabetes, older maternal age, and higher birth weight 
influence the rate of CS, but not the induction of labor, and 
Osmundson et al. [7] also agreed that labor induction does not 
result in a higher CS rate. Collectively, the above studies show 
that parity, cervical status (Bishop scores), maternal age, and 
birth weight may affect delivery approach. 

Several aspects of our study confirm its strength. First, the 
charts were individually reviewed by one investigator to assure 
group assignment precision to minimize the misclassification 
bias. In addition, we were able to monitor cervical status dur-
ing labor progression, which is the chief index of labor induc-
tion outcome. 

In terms of limitations, this study was retrospective in design, 
thus selection or confounding bias may exist. Especially, the 
definition of induction failure and decision to perform a CS 
was not made uniformly, but made with the discretion of the 
attending physician. Although the sample size was sufficient 
for group comparisons, it is possible that slight differences 
might go undetected. Finally, generalization is problematic, 
given the single-center construct. Because labor induction pro-
cedures differ from center to center, universal reproducibility is 
unlikely.

In conclusion, our PROM-exempted analysis indicates that 
labor induction does not affect CS rate. Patient parameters, 
namely maternal age, BMI, Bishop score, and parity, were in-
stead associated with a higher CS rate. During the course of 
labor, failure to progress and induction failure correlated with 
a higher CS rate, whereas duration did not contribute to it 
significantly. These findings have a significant bearing when 
counseling pregnant women on the risk of CS associated with 
labor induction.
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