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Abstract

Background: Overmedicalization in labor management and delivery, including labor induction, is an increasing
global concern. But detailed epidemiological data on labor induction in China remains unclear.

Methods: This was a cross-sectional study of data (2015-2016) from 96 hospitals in 24 (of 34) Chinese administrative
divisions. Multivariable logistic regression analysis was used to assess the association between medical conditions
and cesarean delivery among women undergoing induction. Linear regression analysis was performed to assess the
association between the prelabor cesarean delivery and labor-induction rates in each hospital. The impacts of labor
induction and prelabor cesarean delivery on maternal and neonatal outcomes were compared in low-risk women.

Results: Among 73 901 eligible participants, 48.1% were nulliparous. The overall weighted rate of labor induction in
China was 14.2% (95% Cl, 11.1-17.2%), with 18.4% (95% Cl, 14.5-22.3%) in nulliparas and 10.2% (95% Cl, 7.7-12.8%)

in multiparas. Regardless of the induction method, the overall vaginal delivery rate was 72.9% (95% Cl, 68.6-77.3%) in
nulliparas and 86.6% (95% Cl, 79.7-93.5%) in multiparas. Hospitals with a higher rate of nonmedically indicated cesar-
ean delivery had a lower labor-induction rate in nulliparas (3= — 0.57%; 95% Cl, — 0.92 to — 0.22%; P=0.002). Com-
pared with prelabor cesarean delivery, labor induction in low-risk women was not associated with adverse maternal
and neonatal outcomes.

Conclusion: The 2015-2016 labor-induction rate in China was 18.4% in nulliparas and 10.2% in multiparas. The
proportion of prelabor cesarean delivery may contribute to regional differences in the labor-induction rate. Compared
with prelabor cesarean delivery, labor induction in low-risk women may not increase severe maternal and neonatal
morbidity.
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Introduction

Labor induction is a common clinical procedure. When
the benefits of expeditious delivery outweigh the risks
of continuing the pregnancy, labor induction is consid-
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(NICE) in England all recommend that induction be per-
formed with consideration of medical indications, mater-
nal and fetal conditions, gestational age, and cervical
status [1-3].

Unfortunately, as the prevalence of facility-based births
increases, excessive, unnecessary, and even inappropriate
use of obstetric interventions have become a concern in
some high-income countries and a growing number of
low- and middle-income countries [4]. Overmedicaliza-
tion during childbirth may improve outcomes in certain
circumstances, but may also be harmful and costly when
used inappropriately. Examples include nonmedically
indicated cesarean delivery, routine episiotomy, high
rates of labor induction, and augmentation [5-7]. Hence,
epidemiological studies are warranted to reveal national
or regional coverage rates of obstetric interventions and
examine medical indications for the procedures, so that
strategies could be taken to ensure that all women receive
evidence-based maternity care.

There is a growing divergence in labor induction rates
worldwide. In 2004-2005, one in every five deliveries in
the UK was induced, while induction was used in 42.9%
of nulliparous women and 31.8% of multiparous women
in the US in 2002-2008 [3, 8]. In Brazil, the labor-induc-
tion rate increased to 43.0% in 2004, with a simultaneous
increase in the cesarean delivery rate to 43.2% [9]. In con-
trast, labor induction is still less common in Africa and
Asia, where induction accounted for 4.4% of total births
in 2004—2005 and 12.1% in 2007-2008, respectively [10].
Anecdotal evidence suggests that the prevalence of labor
induction in China was low before 2011, estimated as
6.4% in 2007-2008 and 7.0% in 2010-2011[4]. Given the
high rate of prelabor cesarean delivery and the relatively
low rate of labor induction in China [11], we wondered
whether labor induction in low-risk women should be
considered as an alternative to cesarean delivery upon
maternal request. However, in-depth analyses of more
recent data on indications for, and methods and the suc-
cess rate of induction in China are lacking. Thus, we used
data from the China Labor and Delivery Survey with the
aim to separately describe the patterns of labor induction
in nulliparous and multiparous women, and to dissect the
impacts of labor induction and prelabor cesarean deliv-
ery on maternal and neonatal outcomes.

Methods

Study design

The China Labor and Delivery Survey was a nation-
wide cross-sectional study conducted from March 1,
2015 to December 31, 2016. The participating hospi-
tals were solicited through obstetric networks. Hospi-
tals with 1000 or more deliveries per year were eligible
for inclusion. Depending on the annual delivery volume
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of the hospitals, 5-10 consecutive weeks were randomly
selected in a 12-month period as the study window.
Within the selected weeks, all births at>24 weeks of
gestation or with a birthweight of >500 g were included.
We obtained anonymized data from participants’ medi-
cal records; information on maternal sociodemographic
characteristics, medical and pregnancy histories, preg-
nancy and labor complications, and perinatal outcomes
was extracted by trained staff. Criteria for data extraction
were defined in an operations manual that was used for
staff training and monitoring of data collection. The com-
pleted data-extraction forms were reviewed by the data
manager for completeness before they were entered into
the database. Methodological details on sampling, data
extraction, and data management have been published
elsewhere [12, 13].

A total of 96 hospitals distributed in 24 (out of 34) prov-
inces, autonomous regions and municipalities in China
were included in the analysis. This study was approved by
the Ethics Review Board of the Xinhua Hospital Affiliated
to the Shanghai Jiao Tong University School of Medi-
cine (XHEC-C-2015-006), the Research Project Review
Panel (RP2) of the UNDP/UNFPA/UNICEF/WHO/
World Bank Special Programme of Research, Develop-
ment and Research Training in Human Reproduction, at
the Department of Sexual and Reproductive Health and
Research at the World Health Organization, by the WHO
Research Ethics Review Committee (HRP Study A65899)
and participating hospitals.

Definitions

Labor induction was defined as the process of artificial
stimulation of the uterus to start labor [14]. A woman
was considered to have undergone labor induction if
an induction, or the method or start time thereof was
recorded before the onset of labor. Gestational age was
ascertained on the basis of the last menstrual period, or
by ultrasound dating in the first trimester if the date of
the last menstrual period was uncertain. Standard par-
titioning of geographical regions in China (East, North,
South, Central, Northeast, Northwest, and Southwest)
was used to reveal regional differences [15]. Hospital lev-
els were determined by the Chinese Ministry of Health
based on the number of beds, categories of clinical
departments, numbers of medical staff, type and quantity
of equipment, and hospital funding [16]. Labor analgesia
included epidural analgesia and other relaxation tech-
niques for pain management.

Indications for labor induction included gestational
hypertension, preeclampsia/eclampsia, gestational diabe-
tes, premature rupture of membranes (PROM), late-term
and post-term pregnancies, fetal death, maternal medi-
cal complications (e.g., diabetes mellitus, renal disease,
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autoimmune disease), and fetal conditions (e.g., small for
gestational age [SGA], abnormal antenatal testing results,
fetal anomalies). Late-term pregnancy was defined as a
pregnancy reaching 41-417¢ weeks of gestation, whereas
a post-term pregnancy was defined as a pregnancy reach-
ing or exceeding 42 weeks of gestation [17]. SGA was
determined as a birthweight less than the 10th percen-
tile for a given gestational week based on a global refer-
ence for fetal-weight and birthweight percentiles [18].
Macrosomia was defined as a birthweight of >4000 g,
regardless of the gestational age [19]. Abnormal or inde-
terminate fetal heart rate tracings or abnormal biophysi-
cal profiles were considered abnormal antenatal testing
results. An induction performed when there were no
maternal or fetal medical conditions or obstetric compli-
cations, while the gestational age was less than 41 weeks,
was categorized as nonmedically indicated. A uterine
scar could be due to either a previous cesarean delivery
or other uterine surgery.

We used a simplified Bishop score, comprised of cervi-
cal dilation, effacement, and fetal station, to assess cervi-
cal readiness for induction. A simplified Bishop score <4
was considered indicative of an unripe cervix, which has
a similar sensitivity and specificity to an original Bishop
score <6, the definition of an unfavorable cervix [20].
Methods of induction were grouped into artificial rupture
of membranes, mechanical methods, and use of pros-
taglandin and oxytocin. We did not exclude any births
based on the method used for cervical ripening and labor
induction. The attempted mode of delivery was recorded
in the medical records when women were admitted to
hospitals, as one of the following: spontaneous labor,
labor induction, cesarean delivery without indications,
cesarean delivery with indications, and unknown.

We further compared labor induction and prelabor
cesarean delivery in low-risk women on maternal and
neonatal outcomes. Low-risk was defined as term preg-
nancies without any of the following maternal or fetal
medical conditions or obstetrical complications: chronic
hypertension, diabetes mellitus, thyroid disease, renal
disease, autoimmune disease, heart disease, gestational
hypertension, preeclampsia/eclampsia, gestational diabe-
tes, cholestasis, SGA, suspected macrosomia, abnormal
antenatal testing results, antenatal stillbirth, fetal anom-
aly, breech or other non-cephalic presentation, PROM,
late-term or post-term pregnancy, uterine scar, placental
abruption, placenta previa, and prolapse of the cord.

Statistical analysis

Each birth was assigned a weight with inverse probabil-
ity weighting, taking into account the number of births in
the same administrative region in hospitals of the same
level, the total number of births in the prior year in the
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same hospital, and the number of records reviewed in
the same hospital. The 2016 China Statistical Yearbook
was used to determine the number of deliveries in each
administrative region [15].

We used frequencies to describe induction rates for
each maternal characteristic, medical condition, initial
cervical assessment, and method of induction among
women undergoing labor induction. Frequencies were
calculated separately for nulliparous and multiparous
women by using the PROC SURVEYFREQ procedure in
SAS. Multivariable logistic regression was used to assess
the association between medical conditions and cesar-
ean delivery among women undergoing labor induc-
tion, by using the PROC SURVEYLOGISTIC procedure
in SAS. Both procedures incorporated the sampling
weight and the clustering of births within hospitals. We
reported crude and adjusted odds ratios (ORs) with 95%
confidence intervals (ClIs) in nulliparous and multipa-
rous women, controlling for maternal age, race, insur-
ance status, education level, body mass index (BMI) at
delivery, number of fetuses, fetal presentation, use of
labor analgesia, hospital location, and hospital level. A
weighted proportion of attempted mode of delivery, i.e.,
spontaneous labor, labor induction, cesarean delivery
without indications, and cesarean delivery with indica-
tions, was calculated to reveal the differences between
geographical regions. Linear regression analysis was
performed to assess the association between the prela-
bor cesarean delivery and labor-induction rates in each
hospital, adjusting for sampling weight, hospital level,
and hospital location. The impacts of labor induction
and prelabor cesarean delivery on maternal and neonatal
outcomes were compared in low-risk women. SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC) was used for all
statistical analyses.

Results

We collected data on 75 132 deliveries during the study
period, vielding a response rate of 96.6% (75 132/77 789).
We excluded 319 participants with unknown parity and
912 women with unknown method of delivery, leaving
73 901 deliveries for the analysis. Of these women, 48.1%
were nulliparous. The overall weighted rate of labor
induction in China was 14.2% (95% CI, 11.1-17.2%) in
2015 and 2016, with 18.4% (95% CI, 14.5-22.3%) in nul-
liparas and 10.2% (95% CI, 7.7-12.8%) in multiparas. The
distribution of women undergoing labor induction by
weeks of gestation is illustrated in Fig. 1. The induction
rate peaked at 40 weeks and decreased thereafter.

Table 1 presents the prevalence of labor induction
based on maternal and clinical characteristics. The
association between sociodemographic characteristics
and cesarean delivery in women with induced labor is
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presented in Additional file Table S1. In nulliparas, labor
induction increased with higher maternal education level
and BMI at delivery, and was more prevalent among
women with social health insurance compared with those
without. The prevalence of labor induction was 18.8% in
singleton pregnancies and 3.2% in multiple gestations,
among nulliparas. In multiparas, the induction rate var-
ied little according to maternal education level, social
health insurance status, and BMI at delivery. However,
maternal overweight and obesity were associated with an
increased risk of intrapartum cesarean delivery in both
nulliparous and multiparous women who underwent
labor induction.

Table 2 presents the simplified Bishop score at the start
of induction and the methods of induction. Approxi-
mately 26.2% of nulliparas and 23.4% of multiparas had
favorable cervixes before induction. Oxytocin was the
most common method of induction, used in 79.9% of
nulliparas and 76.5% of multiparas, followed by artificial
rupture of membranes. Prostaglandins and mechani-
cal methods were used less commonly in both groups.
Regardless of the induction method, the overall vaginal
delivery rate was 72.9% (95% CI, 68.6—77.3%) in nullipa-
ras and 86.6% (95% CI, 79.7-93.5%) in multiparas.

Figure 2 illustrates the vaginal delivery rates among
nulliparous and multiparous women undergoing labor
induction by weeks of gestation. Both nulliparas and
multiparas achieved a high vaginal-delivery rate (>95%)

before 30 weeks of gestation, and the rate generally
declined and diverged with advancing weeks of gesta-
tion. At 40 weeks of gestation, the rates of vaginal deliv-
ery were 65.5 and 83.0% in nulliparas and multiparas,
respectively.

Table 3 summarizes the prevalence of labor induc-
tion by indications and the association between
medical indications and cesarean delivery in women
undergoing labor induction, compared with women
undergoing induction without such an indication. The
vaginal-delivery rate after labor induction according
to indications and the median gestational age at deliv-
ery are provided in Fig. 3 and Additional file Table
S2. Women with gestational diabetes had the highest
induction rate: 30% in nulliparas and 17.3% in multipa-
ras. Nulliparous women with gestational hypertension,
preeclampsia/eclampsia, or chronic hypertension had
induction rates of 13.4%, 17.0%, and 19.0%, respec-
tively. Abnormal antenatal testing results were asso-
ciated with an increased risk of cesarean delivery in
both nulliparous and multiparous women. The preva-
lence of labor induction for PROM was 29.9 and 27.8%
in nulliparas and multiparas, respectively. For late-
term and post-term pregnancies, 40.7% of nulliparous
women and 22.1% of multiparous women underwent
labor induction. Compared with women undergoing
labor induction before 41 weeks of gestation, a signifi-
cantly increased cesarean delivery rate was observed in
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Table 1 Prevalence of women undergoing labor induction in China
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Characteristics

Nulliparas

Multiparas

Proportion of women,
%?, n=4290936

Prevalence of labor
induction, % (95% Cl)?

Proportion of women,
%%, n=4635 107

Prevalence of labor
induction, % (95% CI)®

Maternal age (years)

<25 257 (100 7.2) 15.8 125 (7.5-17.5)

25-29 549 .7 (16.1-23.4) 371 5(6.6-12.4)

30-34 159 221 (142 29.9) 294 11.2(7.1-15.2)

>35 35 16.7 (8.3-25.1) 17.7 3(6.1-10.5)
Race

Han 97.3 184 (14.5-22.4) 96.2 103 (7.7-12.9)

Other 2.7 17.6 (11.0-24.1) 3.8 8.8 (4.3-134)
Education (years)

Less than high school (<9) 230 134 (8.9-17.9) 515 104 (7.3-13.5)

High school (10-12) 20.1 19.5(15.3-23.7) 20.7 12.0(8.0-16.0)

College and above (> 12) 569 21.2(16.3-26.0) 278 9.9(7.0-12.8)
Social health insurance

Yes 67.5 20.1 (15.1-25.1) 559 11.5(7.9-15.1)

No 325 153 (12.1-18.5) 441 9.0(6.8 )
BMI at delivery (kg/m?)

<185 0.5 4.7 (0.3-9.1) 04 6(0.0-9.4)

18.5-23.9 17.0 16.6 (12.4-20.9) 14.1 3(5.8-10.9)

24.0-279 417 1(13.9-203) 375 103 (7 2-13.4)

>280 29.8 20.7 (15.8-25.6) 310 7 (6.2-11.2)

Unknown 11.0 20.7 (13.5-27.8) 17.0 144 (9.2-19.7)
Number of fetuses

Singleton 97.8 18.8 (14.7-22.8) 98.0 104 (7.7-13.0)

Multiple 22 3.2 (0.0-64) 20 3.5(04-6.6)
Fetal presentation

Cephalic 96.0 19.1 (14.9-23.3) 97.1 104 (7.8-13.0)

Breech or other non-cephalic 40 1.7 (04-3.0) 29 5.2(0.7-9.7)
Gestational age at delivery (weeks)

<37 75 18.1 (9.5-26.6) 7.6 18.7 (11.3-26.0)

>37 925 18.6 (14.9-22.3) 924 9.6 (74-11.8)
Labor analgesia

Yes 28.8 203 (12.6-27.9) 26.6 11.6 (74-15.8)

No 71.2 17.7 (14.6-20.8) 734 9.7 (76-11.8)
Hospital level

Level 2 46.0 15.8 (11.4-20.2) 61.0 29)

Level 3 54.0 20.6 (15.2-26.0) 39.0 -15.1)

BMI Body mass index, C/ Confidence interval

2The PROC SURVEYFREQ procedure was used in SAS to calculate these frequencies, adjusting for sampling weight and clustering of births within hospitals

late-term and post-term pregnancies, with an adjusted
OR of 1.48 (95% CI, 1.10-1.99) for nulliparas and 2.87
(95% CI, 1.70-4.84) for multiparas. In multiparas,
91.3% of uterine scars were due to previous cesarean
sections. We noticed that relatively few women with
uterine scars underwent labor induction, and the cor-
responding rate of vaginal delivery was 0% in nullipa-
ras and 87.4% in multiparas. Approximately 12.7% of

nulliparas and 7.9% of multiparas underwent labor
induction without medical indications.

Figure 4 and Additional file Table S3 present the
weighted proportion of attempted mode of delivery
according to geographical region and parity. Both North-
east and Southwest had lower induction rates in nullipa-
ras, as women in these two regions were more likely to
undergo cesarean delivery without indications (7.3% in



Zhu et al. BMC Pregnancy and Childbirth (2022) 22:463

Table 2 Initial simplified Bishop score and method of induction
among women undergoing labor induction in China

Nulliparas Multiparas

Proportion of Proportion of

women, %%, n=790 women, %?
253 n=473 866

Initial cervical dilation (cm)

Closed 66.6 709

1-2 322 280

3-4 1.2 1.1

5-6 0 0
Initial cervical effacement (%)

0-30 25.1 376

40-50 126 135

60-70 19.2 13.2

80-100 431 35.7
Initial station

-3 42.1 54.8

—2 444 329

—1lor0 104 9.0

+1or+42 3.1 33
Simplified Bishop score > 5 26.2 234
Method of induction

Artificial rupture of mem- 253 189
branes

Prostaglandins 9.5 9.9

Mechanical 89 6.9

Oxytocin 79.9 76.5

2The PROC SURVEYFREQ procedure was used in SAS to calculate these
frequencies, adjusting for sampling weight and clustering of births within
hospitals

Northeast and 9.1% in Southwest). In contrast, nulliparous
women in Northwest were less likely to undergo cesar-
ean delivery (0.3% without and 10.1% with medical indi-
cations), resulting in higher rates of spontaneous (61.3%)
and induced (28.1%) labor. Moreover, at the hospital level,
a higher rate of cesarean delivery without medical indica-
tions was significantly associated with a lower rate of labor
induction in nulliparas (B= —0.57%; 95% CI,—0.92%
to —0.22%; P=0.002) (Additional file Table S4).

We further compared the effects of labor induction and
prelabor cesarean delivery in low-risk women on mater-
nal and neonatal outcomes (Table 4). Low-risk pregnan-
cies accounted for 40.5% of the study population. 75.2%,
10.6% and 14.0% of these women underwent spontane-
ous labor, induced labor and prelabor cesarean delivery,
respectively. Characteristics of women undergoing labor
induction and prelabor cesarean delivery are presented in
Additional file Table S5. Overall, there was no substan-
tial difference between these two groups of women. The
rate of failed induction leading to cesarean delivery was
3.2 and 1.3% in nulliparas and multiparas, respectively.
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Despite that an increased rate of birth trauma was
observed in induced labor, labor induction in low-risk
women, compared with prelabor cesarean delivery,
was not associated with adverse maternal and neonatal
outcomes.

Discussion

Our study, including deliveries from 96 hospitals across
China, revealed an overall labor-induction rate of 14.2%
in 2015-2016, with 18.4% in nulliparas and 10.2% in mul-
tiparas. A quarter of the women had favorable cervixes
before induction. Over three-quarters received oxytocin
as the method of labor induction. A total of 72.9% of nul-
liparous and 86.6% of multiparous women who under-
went labor induction achieved vaginal delivery. The
regional difference in labor-induction rates was observed
in China. A higher proportion of prelabor cesarean deliv-
ery was associated with a lower rate of labor induction.
Compared with prelabor cesarean delivery, labor induc-
tion in low-risk women was not associated with severe
maternal and neonatal morbidity.

Trends of increasing use of labor induction have been
reported in high-income countries since the 1990s. In
the US, the induction rate rose from 9.5 to 14.9% from
1989 to 1998, and reached 23.1% in 2011 [21, 22]. In Aus-
tralia, the rate of induction increased from 25.3 to 29.1%
during 1998-2007 [23]. The UK and Canada had a simi-
larly increasing trend [24]. In middle-income countries,
limited data revealed an uneven coverage rate of labor
induction, ranging from 1.8% in Paraguay to 71.0% in
Iran during 2010-2012 [4]. The rate of induction contin-
ued to increase in Brazil (from 2.5 to 38.6%) from 1982
to 2011 [4, 9]. However, there has been a lack of epide-
miological data on labor induction in China. Vogel and
colleagues [10] used the WHO Global Survey dataset to
estimate the rate of labor induction in China as 6.4% in
2007-2008, with 67.9% of those women achieving vaginal
delivery. The induction rate in China was estimated to be
around 7.0% in 2010-2011 [4]. Yet, these data do not dis-
tinguish between nulliparous and multiparous women.
Given that the indications for labor induction, labor pro-
gression, and outcomes differ substantially between these
two groups of women, we conducted stratified analyses
to explore the utilization of this procedure.

The purpose of labor induction is to achieve vaginal
delivery without compromising maternal and neona-
tal health. To assess the effectiveness of labor induction,
cesarean delivery is most often used as a primary outcome
in observational studies and clinical trials. In comparison
with expectant management awaiting spontaneous labor,
labor induction in uncomplicated singleton pregnan-
cies reportedly reduces the risk of cesarean delivery and
perinatal mortality [25-28]. Even in nulliparous women
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with an unfavorable cervix, labor induction did not result
in statistically significant differences of most clinical out-
comes [29]. The synthesized vaginal-delivery rate for
women who underwent labor induction in uncomplicated
singleton pregnancies was 73.6% for nulliparas and 81.3%
for all women [26, 27]. Our findings were comparable
with these results, as labor induction yielded a vaginal-
delivery rate of 76.5% and 87.4% in uncomplicated preg-
nancies of nulliparas and multiparas, respectively, with a
median gestational age at delivery of 39.9 weeks.

Our data, along with those of other studies [11, 30], sug-
gest a distinct divergence in the initiation of labor between
China and certain other countries. China tends to have
a high prevalence of prelabor cesarean delivery, while
countries such as the US and the UK use labor induction
instead in women without medical indications. Unlike
planned cesarean deliveries, vaginal deliveries after labor
induction may occur at any time, and greater healthcare
resources are required, including trained staff, medical
procedures, and prolonged hospital stays. As most births
are assisted by obstetricians in China, prelabor cesar-
ean delivery is often considered as a safe, convenient and
resource-saving approach in hospitals with a high vol-
ume of deliveries, when compared with labor induction.
Further, as the cesarean delivery rate in China has been
high during the last two decades, many obstetricians are
more skilled in performing cesarean delivery than assisted
vaginal deliveries. Fear of lawsuits for complications and

malpractice in vaginal delivery also causes reluctance in
Chinese obstetricians in terms of labor induction. Since
China has implemented a universal two-child policy, more
women are expected to have a subsequent pregnancy [31].
Primary cesarean deliveries should be decreased to reduce
the overall cesarean delivery rate down the road. Hence,
physician-oriented interventions, such as implementation
of clinical practice guidelines combined with a manda-
tory second opinion for indications for cesarean delivery,
and regular training in the use of forceps- and/or vacuum-
assisted delivery, may reduce the cesarean delivery rate
[32]. As our data showed that labor induction as an alter-
native to prelabor cesarean delivery might be considered,
especially for low-risk nulliparous women.

Except for clinician’s beliefs and attitudes, mater-
nal request for cesarean delivery may also influence the
clinical practice. China is one of the countries that has
a high rate of nonmedically indicated cesarean deliv-
ery, even after the onset of labor. In 2014, the Chinese
Obstetricians and Gynecologists Association issued an
expert consensus on cesarean delivery operations, which
gave doctors the right to refuse a cesarean section upon
maternal request [33]. However, some women still seek
cesarean delivery as a safe option because of fear of pain
and suboptimal quality of care during labor and vaginal
birth [34]. To address women’s concerns, prenatal educa-
tion on the benefits of vaginal delivery, pain-relief strat-
egies, and midwifery training curricula were introduced
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Fig. 3 Vaginal delivery rate among women undergoing labor induction with various medical indications. A Nulliparous women. B Multiparous
women. SGA, small for gestational age; PROM, premature rupture of membrane
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and promoted in hospitals. A before-and-after retrospec-
tive study in East China suggested that implementation of
epidural analgesia for labor increased the vaginal-deliv-
ery rate [35]. Meanwhile, a survey conducted in South-
west China demonstrated that women who attended an
educational session by an anesthesiologist on epidural
analgesia for labor preferred it to cesarean delivery, and
that obstetricians can play an important role in such
education [36]. Thus, childbirth training workshops for
mothers or couples, continuous one-to-one intrapartum
support, and pain management during labor are consid-
ered effective interventions for promoting vaginal deliv-
ery, and were included in the WHO recommendations on

intrapartum care to achieve a positive childbirth experi-
ence [37, 38].

Strengths and limitations

Our study had several strengths and limitations. First, the
China Labor and Delivery Survey was a large, multicenter
study involving secondary and tertiary hospitals covering
most geographic regions in China. As approximately 90%
of women gave birth in secondary or tertiary hospitals
[39], and labor induction was almost always performed
in the hospital, our data adequately represented Chinese
labor inductions. Second, to our knowledge, this is the
first large-scale epidemiological study to provide details
on labor induction in China. We collected data on births
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Table 4 Comparison of labor induction and prelabor cesarean delivery in low-risk women on maternal and neonatal outcomes

Nulliparas Multiparas
Labor Prelabor Crude OR Adjusted OR  Labor Prelabor Crude OR Adjusted OR
induction cesarean induction cesarean
(n=257 145) delivery (n=125402) delivery
(n=366 975) (n=139101)
N (%)? N (%)? (95% CI)? (95% CI)2° N (%)? N (%)? (95% CI)? (95% CI)2°
Maternal outcomes
Postpartum 8640 (3.4) 14,596 (4.0) 0.84(043-1.64) 1.26(0.76-2.08) 1922 (1.5) 1721 (1.2) 1.25(045-3.51) 096 (0.36-2.58)
hemorrhage
Postpartum 330 (0.1) 482 (0.1) 0.98(0.29-3.34) 1.20(0.34-4.27) 0(0) 38(0.0) NA NA
infection
Amniotic 0(0) 0(0) NA NA 0(0) 0(0) NA NA
fluid embolism
Admission 975 (0.4) 1367 (0.4) 1.02 (0.30-348) 062 (0.16-237) 62 (0.0) 562 (0.4) 0.12 (0.01-1.06) 0.07 (0.01-3.29)
to intensive
care unit
Neonatal outcomes
Birth trauma 1456 (0.6) 132(0.0) 15.9 (4.1-61.5) 9.1(2.2-37.0) 138 (0.1) 0(0) NA NA
Apgar 833(0.3) 1733(0.5) 069 (0.16-2.92)  1.84(0.40-848) 56 (0.0) 956 (0.7) 0.07 (0.01-0.48) 0.07 (0.01-0.63)
score<7 at
5min
Admission 16,280 (6.3) 13,606 (3.7) 1.76 (0.56-548) 1.85(0.54-6.33) 6254 (5.0) 7560 (5.4) 0.91(0.25-3.32) 0.96 (0.32-2.90)
to neonatal
intermediate
or intensive
care unit

OR Odds ratio, C/ Confidence interval, NA, Not applicable

2The PROC SURVEYFREQ procedure was used in SAS to calculate these frequencies, adjusting for sampling weight and clustering of births within hospitals

5The PROC SURVEYLOGISTIC procedure was used in SAS to evaluate the association between labor induction and prelabor cesarean delivery in low-risk women on
maternal and neonatal outcomes. We adjusted for maternal age, race, insurance, education, BMI at delivery, number of fetuses, hospital location and hospital levels

Low-risk women were women with term pregnancies and without the following conditions: chronic hypertension, diabetes mellitus, thyroid disease, renal disease,

autoimmune disease, heart disease, gestational hypertension, preeclampsia/eclampsia, gestational diabetes, cholestasis, SGA, suspected macrosomia, abnormal
antenatal testing results, antenatal stillbirth, fetal anomaly, breech or other non-cephalic presentation, PROM, late-term or post-term pregnancy, uterine scar,

placental abruption, placenta previa, and prolapse of the cord

from 24 weeks of gestation with a data-collection form
that was previously used in studies by the WHO [40].
Third, the large sample size allowed us to compare the
impacts of labor induction and prelabor cesarean deliv-
ery in low-risk women on maternal and neonatal out-
comes, which might be difficult to conduct a clinical trial
in real practice. Further investigations are warranted to
evaluate the side-effects, costs and acceptability of these
two procedures. Nonetheless, our study population was
not a randomly selected sample of all hospitals that pro-
vide obstetric care in China and only included hospitals
with more than 1000 deliveries per year. Therefore, our
estimates may not represent all childbirths. In addition,
as this was an observational study, we could not compare
the effect of labor induction to that of expectant man-
agement on maternal and perinatal outcomes. Finally,
maternal medical conditions, cervical status, and health
resources may also influence the choice of induction

method, which may impact the vaginal-delivery rate in
women undergoing labor induction.

Conclusion

In our survey, 18.4% of nulliparas and 10.2% of multiparas
underwent labor induction in China from 2015 to 2016. A
quarter of them had favorable cervixes before induction.
A total of 72.9% of nulliparous and 86.6% of multiparous
women who underwent labor induction achieved vaginal
delivery. The proportion of prelabor cesarean delivery
may contribute to regional differences in the labor-induc-
tion rate. Labor induction in low-risk women, compared
with prelabor cesarean delivery, was not associated with
severe maternal and neonatal morbidity.

Abbreviations
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Gynecologists; OR: Odds ratio; Cl: Confidence interval; BMI: Body mass index;
PROM: Premature rupture of membranes; SGA: Small for gestational age.



Zhu et al. BMC Pregnancy and Childbirth (2022) 22:463

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512884-022-04760-6.

Additional file 1: Table S1. Associations between sociodemographic
characteristics and cesarean delivery in women undergoing labor induc-
tion in China. Table S2. Gestational weeks at delivery and vaginal delivery
rate among women undergoing labor induction in China. Table S3.
Attempted mode of delivery by geographical regions in China. Table S4.
Association of prelabor cesarean delivery rate and labor induction rate in
China. Table S5. Comparison of maternal characteristics between low-risk
women undergoing labor induction and prelabor cesarean delivery in
China.

Acknowledgements

The project was supported in part by Shanghai Municipal Health Commis-
sion (GWIV-26.2). The project was approved by the Research Project Review
Panel of the UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme

of Research, Development and Research Training in Human Reproduction
(HRP) at the Department of Sexual and Reproductive Health and Research of
the World Health Organization (WHO), and the WHO Research Ethics Review
Committee, Geneva, Switzerland (HRP Study A65899). The authors thank HRP
for the technical support.

Authors’ contributions

Jing Zhu, LX, YZ and Jun Zhang conceived the study and provided overall
guidance. HS, LZ and YW assisted with data collection. DL assisted with
statistical analysis. Jing Zhu, LX, YZ and Jun Zhang drafted the manuscript and
all authors contributed to interpretation of the results and development of the
report. All authors reviewed and approved the final version.

Funding

The project was supported in part by Shanghai Municipal Health Commission
(GWIV-26.2). The funders did not play any role in the study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
Data is available upon reasonable request to the corresponding author.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Review Board of the Xinhua Hospital
Affiliated to the Shanghai Jiao Tong University School of Medicine (XHEC—
C-2015-006), the Research Project Review Panel (RP2) of the UNDP/UNFPA/
UNICEF/WHO/World Bank Special Programme of Research, Development and
Research Training in Human Reproduction, at the Department of Sexual and
Reproductive Health and Research at the World Health Organization, by the
WHO Research Ethics Review Committee (HRP Study A65899) and participat-
ing hospitals. Because of the retrospective nature of the study and anonymi-
zation of patient data, the requirement for informed consent was waived by
the Ethics Review Board of the Xinhua Hospital Affiliated to the Shanghai Jiao
Tong University School of Medicine, the WHO Research Ethics Review Com-
mittee, and participating hospitals. The study was conducted in accordance
with the Guidelines of the National Human Biomedical Research Policies.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'The International Peace Maternity and Child Health Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai, China. Ministry of Educa-
tion-Shanghai Key Laboratory of Children’s Environmental Health, Xinhua
Hospital, Shanghai Jiao Tong University School of Medicine, 1665 Kongjiang
Rd, Shanghai 200092, China. 3Departmem of Obstetrics, Jiaxing University

Page 11 of 12

Affiliated Women and Children Hospital, Jiaxing, China. “Department
of Obstetrics and Gynecology, Renji Hospital, Shanghai Jiao Tong University
School of Medicine, 160 Pujian Rd, Shanghai 200127, China.

Received: 21 December 2021 Accepted: 12 May 2022
Published online: 01 June 2022

References

1. World Health Organization. WHO recommendations for induction of
labour. Geneva, Switzerland. 2011. http://whglibdoc.who.int/hg/2011/
WHO_RHR_11.10_eng.pdf

2. ACOG Committee on Practice Bulletins -- Obstetrics. ACOG practice bul-
letin No. 107: induction of labor. Obstet Gynecol. 2009;114(2 Pt 1):386-97.

3. The National Institute for Health and Care Excellence. Inducing labor.
NICE Guideline NG207; 2021. www.nice.org.uk/guidance/ng207.

4. Miller S, Abalos E, Chamillard M, Ciapponi A, Colaci D, Comandé D,
et al. Beyond too little, too late and too much, too soon: a pathway
towards evidence-based, respectful maternity care worldwide. Lancet.
2016;388(10056):2176-92.

5.  Gibbons L, Belizdn JM, Lauer Ja, Betrdan AP, Merialdi M, Althabe F. The
global numbers and costs of additionally needed and unnecessary
caesarean sections performed per year: overuse as a barrier to universal
coverage. World Heal Rep Backgr Pap. 2010;30:1-31.

6. Jiang H, Qian X, Carroli G, Garner P. Selective versus routine use of episiot-
omy for vaginal birth. Cochrane Database Syst Rev. 2017;2(2):CD000081.

7. Guerra GV, Cecatti JG, Souza JP, Faundes A, Morais SS, Gilmezoglu AM,
WHO Global Survey on Maternal Perinatal Health in Latin America Study
Group, et al. Elective induction versus spontaneous labour in Latin
America. Bull World Health Organ. 2011;89(9):657-65.

8. Laughon SK, Zhang J, Grewal J, Sundaram R, Beaver J, Reddy UM. Induc-
tion of labor in a contemporary obstetric cohort. Am J Obstet Gynecol.
2012,206(6):486.e1-9.

9. Barros FC, Victora CG, Barros AJ, Santos IS, Albernaz E, Matijasevich A,
et al. The challenge of reducing neonatal mortality in middle-income
countries: findings from three Brazilian birth cohorts in 1982, 1993, and
2004. Lancet. 2005;365(9462):847-54.

10. Vogel JP, Souza JP, Gllmezoglu AM. Patterns and outcomes of induc-
tion of labour in Africa and Asia: a secondary analysis of the WHO global
survey on maternal and neonatal health. PLoS One. 2013;8(6):e65612.

11. Lumbiganon P, Laopaiboon M, Giilmezoglu AM, Souza JP, Taneepanich-
skul S, Ruyan P, World Health Organization Global Survey on Maternal and
Perinatal Health Research Group, et al. Method of delivery and pregnancy
outcomes in Asia: the WHO global survey on maternal and perinatal
health 2007-08. Lancet. 2010,375(9713):490-9.

12. Chen C, Zhang JW, Xia HW, Zhang HX, Betran AP, Zhang L, et al.

Preterm birth in China between 2015 and 2016. Am J Public Health.
2019;109(11):1597-604.

13. Zhu J, Zhang J, Xia H, Ge J, Ye X, Guo B, China Labor and Delivery Survey,
et al. Stillbirths in China: a nationwide survey. BJOG. 2021;128(1):67-76.

14. World Health Organization. Managing complication in pregnancy and
childbirth: a guide for midwives and doctors. Geneva, Switzerland. 2000.
http//www.who.int/reproductivehealth/publications/maternal_perin
atal_health/9241545879/en/index.html.

15. National Bureau of Statistics of China. China Statistical Yearbook. http://
www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm (accessed Oct 25, 2019).

16. Ministry of Health, China (2011). The measures for hospital evaluation.
Ministry of Health, China (in Chinese). http://www.nhc.gov.cn (accessed
Oct 25,2019).

17. Spong CY. Defining “term” pregnancy: recommendations from the defin-
ing “Term" pregnancy workgroup. JAMA. 2013;309(23):2445-6.

18. Mikolajczyk RT, Zhang J, Betran AP, Souza JP, Mori R, Gllmezoglu AM, et al.
A global reference for fetal-weight and birthweight percentiles. Lancet.
2011;377(9780):1855-61.

19. Committee on Practice Bulletins—Obstetrics. Macrosomia: ACOG prac-
tice bulletin, number 216. Obstet Gynecol. 2020;135(1):e18-35.

20. Laughon SK, Zhang J, Troendle J, Sun L, Reddy UM. Using a sim-
plified Bishop score to predict vaginal delivery. Obstet Gynecol.
2011;117(4):805-11.


https://doi.org/10.1186/s12884-022-04760-6
https://doi.org/10.1186/s12884-022-04760-6
http://whqlibdoc.who.int/hq/2011/WHO_RHR_11.10_eng.pdf
http://whqlibdoc.who.int/hq/2011/WHO_RHR_11.10_eng.pdf
https://www.nice.org.uk/guidance/ng207
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/9241545879/en/index.html
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/9241545879/en/index.html
http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
http://www.nhc.gov.cn

Zhu et al. BMC Pregnancy and Childbirth (2022) 22:463

21. Zhang J, Yancey MK, Henderson CEUS. national trends in labor induction,
1989-1998. J Reprod Med. 2002;47(2):120-4.

22. Martin JA, Hamilton BE, Ventura SJ, Osterman MJ, Mathews TJ. Births: final
data for 2011. Natl Vital Stat Rep. 2013;62(1):1-69, 72.

23. Mealing NM, Roberts CL, Ford JB, Simpson JM, Morris JM. Trends in induc-
tion of labour, 1998-2007: a population-based study. Aust N Z J Obstet
Gynaecol. 2009;49(6):599-605.

24. Knight M, Callaghan WM, Berg C, Alexander S, Bouvier-Colle MH, Ford
JB, et al. Trends in postpartum hemorrhage in high resource countries: a
review and recommendations from the International Postpartum Hemor-
rhage Collaborative Group. BMC Pregnancy Childbirth. 2009;9:55.

25  Grobman WA, Rice MM, Reddy UM, Tita ATN, Silver RM, Mallett G, et al.
Eunice Kennedy Shriver national institute of child health and human
development maternal-fetal medicine units network. Labor induction
versus expectant management in low-risk nulliparous women. N Engl J
Med. 2018;379(6):513-23.

26. Grobman WA, Caughey AB. Elective induction of labor at 39 weeks com-
pared with expectant management: a meta-analysis of cohort studies.
Am J Obstet Gynecol. 2019;221(4):304-10.

27. Sotiriadis A, Petousis S, Thilaganathan B, Figueras F, Martins WP, Odibo AO,
et al. Maternal and perinatal outcomes after elective induction of labor
at 39 weeks in uncomplicated singleton pregnancy: a meta-analysis.
Ultrasound Obstet Gynecol. 2019;53(1):26-35.

28 Middleton P, Shepherd E, Morris J, Crowther CA, Gomersall JC. Induction
of labour at or beyond 37 weeks' gestation. Cochrane Database Syst Rev.
2020;7(7):.CD004945.

29. Osmundson S, Ou-Yang RJ, Grobman WA. Elective induction compared
with expectant management in nulliparous women with an unfavorable
cervix. Obstet Gynecol. 2011;117(3):583-7.

30. Barber EL, Lundsberg LS, Belanger K, Pettker CM, Funai EF, llluzzi JL.
Indications contributing to the increasing cesarean delivery rate. Obstet
Gynecol. 2011;118(1):29-38.

31. ZengY, Hesketh T.The effects of China’s universal two-child policy. Lan-
cet. 2016;388(10054):1930-8.

32. Chen|, Opiyo N, Tavender E, Mortazhejri S, Rader T, Petkovic J, et al.
Non-clinical interventions for reducing unnecessary caesarean section.
Cochrane Database Syst Rev. 2018;9(9):CD005528.

33, Subgroup O, Obstetricians C, Association G. The expert consensus on
cesarean delivery operations (2014). Zhonghua Fu Chan Ke Za Zhi.
2014;49(10):721-4 (in Chinese).

34, Long Q, Kingdon C, Yang F, Renecle MD, Jahanfar S, Bohren MA, et al.
Prevalence of and reasons for women's, family members; and health
professionals’ preferences for cesarean section in China: a mixed-methods
systematic review. PLoS Med. 2018;15(10):e1002672.

35. Wang Q, Zheng SX, Ni YF, Lu YY, Zhang B, Lian QQ, et al. The effect of labor
epidural analgesia on maternal-fetal outcomes: a retrospective cohort
study. Arch Gynecol Obstet. 2018;298(1):89-96.

36. LiuH, Zhou J, Tang Y, Ma Y, Xie C, Lin X. Survey of labor epidural anal-
gesia and patient education for women in southwest China. J Anesth.
2012;26(5):800-1.

37. SmithV, Gallagher L, Carroll M, Hannon K, Begley C. Antenatal and intra-
partum interventions for reducing caesarean section, promoting vaginal
birth, and reducing fear of childbirth: An overview of systematic reviews.
PLoS One. 2019;14(10):e0224313.

38. WHO recommendations: Intrapartum care for a positive childbirth experi-
ence. Geneva: World Health Organization; 2018. www.who.int/publicatio
ns/i/item/9789241550215.

39, ZhuJ, Liang J, MuY, Li X, Guo S, Scherpbier R, et al. Sociodemographic
and obstetric characteristics of stillbirths in China: a census of nearly 4
million health facility births between 2012 and 2014. Lancet Glob Health.
2016;4(2):.2109-18.

40. Souza JP, Gulmezoglu AM, Vogel J, Carroli G, Lumbiganon P, Qureshi Z,
et al. Moving beyond essential interventions for reduction of maternal
mortality (the WHO Multicountry Survey on Maternal and Newborn
Health): a cross-sectional study. Lancet. 2013;381(9879):1747-55.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.who.int/publications/i/item/9789241550215
https://www.who.int/publications/i/item/9789241550215

	Labor induction in China: a nationwide survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Definitions
	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


