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Abstract

Background
Labor induction (IOL) refers to an obstetric intervention which include arti�cial stimulation of uterine
contraction aiming at vaginal delivery of a fetus before the onset of spontaneous labor. Despite undisputed
importance of this intervention in improving pregnancy outcomes, data on its utilization and outcomes in
Tanzania is limited. The aim of this study was to determine the prevalence, associated factors and
outcomes for labor induction among women who were attended at a tertiary hospital in north-Tanzania.

Methods
We designed a retrospective cohort study and analyzed 53338 deliveries at the Kilimanjaro Christian
Medical Centre (KCMC) between the year 2000 to 2015. We enrolled singleton deliveries with vertex
presentation and excluded observations with missing information on induction status. Relative risk and
95% Con�dence Interval for risk factors and outcomes of labor induction were estimated using log-binomial
regression models. Robust variance estimation was used to account for repeated deliveries from the same
subject.

Results
53,338 deliveries were analyzed. Prevalence of labor induction was 21.63%. Independent risk factors for
labor induction were; postdates (RR = 1.21; 95% CI: 1.15–1.28), fetal macrosomia (RR = 1.27; 95% CI: 1.18–
1.36) and obesity (RR = 1.12; 95% CI: 1.06–1.18). Labor induction was associated with an increased risk of
uterine rapture (RR = 1.84; 95% CI: 1.62–2.09) and low (< 7) Apgar score (RR = 1.27; 95% CI: 1.17–1.37).
Labor induction offered protective effect against cesarean delivery (RR = 0.56; 95% CI: 0.53–0.58) and
admission to neonatal intensive care unit (RR = 0.94; 95% CI: 0.89–0.99).

Conclusion
Efforts aimed at achieving the health-related sustainable development goals should focus on increasing
access to effective interventions as well as improving quality of health care while being cautioned on
likelihood of adverse maternal and fetal outcomes.

Background
Labor induction (IOL) refers to an obstetric intervention which include arti�cial stimulation of uterine
contraction aiming at vaginal delivery of a fetus before the onset of spontaneous labor [1–3]. The
procedure can either be achieved mechanically or by the use of pharmaceuticals readily available in the
market such as oxytocin infusions and prostaglandins [4]. Mechanical induction methods include balloon
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catheter, amniotomy and membrane sweeping [5–6]. A physician provides booking appointment to a
pregnant woman for IOL due to maternal, fetal, social indications or combination of all these factors [7].
Given the increasing attention to reduce perinatal morbidity and mortality, the rates of IOL have continued
to rise over the past few decades [8]. Globally, the prevalence of IOL varies greatly between countries and
regions but higher rates have been reported in developed countries than in developing countries [9–10]. The
IOL accounts for approximately 20% of deliveries in the UK and USA, but the rates have been rising steadily
since the past decade [11, 12]. The rate of IOL for Africa region currently stands at 4.4%, con�rming the
lowest rates for this important intervention in the low resourced setting [13]. The low rates of IOL in Africa
may be re�ecting the observed high perinatal mortality rates in the region which stands at 56 per 1000 live
births, making Africa to be rated the highest in all WHO regions worldwide [14].

Major indications for IOL comprises of postdates, intra uterine growth restrictions (IUGR), fetal macrosomia,
oligohydramnios, isoimmunization, gestational diabetes, chorioamnionitis, pre-labor rapture of membranes
(PROM), hypertensive disorders of pregnancy and other maternal conditions [15–17]. However, the World
Health Organization recommends IOL as a therapeutic option only when the bene�ts of termination of
pregnancy surpass the risks of its continuation [18]. Despite undisputed importance of IOL for terminating
pregnancies in which there is a risk to the mother or/and fetus, this intervention may result in
unprecedented effects [19].

Myriad of studies have shown an association between IOL and adverse pregnancy outcomes including
emergence cesarean section (CS) delivery for patients with unfavorable cervix, instrumental vaginal
delivery, blood transfusion, longer hospital stay, and admission to intensive care unit (ICU) [19, 20]. Some
studies also have demonstrated higher rates of adverse outcomes associated with IOL such as prolonged
�rst stage of labour, failure to progress of labour, intrapartum hemorrhage, admission to neonatal intensive
care unit (NICU) and higher incidences of assisted vaginal births [21, 22, 23, 24]. Despite the fact that the
IOL has potentials for preventing maternal complications and improving birth outcomes, its utilization in
health facilities in African region is still very low, indicating a high unmet need for IOL in most countries of
Africa including Tanzania [25]. The current study aims at determining the prevalence, risk factors and
outcomes for labor induction among women who gave birth at a tertiary hospital in north-Tanzania.

Methods

Study Setting
We conducted this study at the tertiary hospital in north Tanzania called the Kilimanjaro Christian Medical
Centre (KCMC). The hospital is located in the Kilimanjaro region and is one of the four referral hospitals in a
country of over 50 million. The region constitutes of over 1.64 million inhabitants whom a signi�cant
proportion of this number, depends solely on this institution for a number of medical services including
delivery, pediatrics, internal medicine and much more. Apart from serving the indigenous, the obstetrics
patients served by this institution come from a more than seven diversi�ed regions including some districts
from a neighboring country Kenya. The hospital conducts over 4000 deliveries per year. In collaboration
with Norwegian government, the hospital’s obstetric department developed with an electronic database for
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maintaining all clinical and socio-demographic information of women who were admitted for delivery
starting from the year 2000 to date.

Data Source
The medical registry of KCMC collects information from all women who deliver at the department of
obstetrics and gynecology within 24 hours. Daily interviews are conducted by specially trained nurses using
a standardized questionnaire. Records from the hospital birth registry database covers socio-demographic
information, mother’s health status before and after delivery. Socio demographic information in this
database include maternal age, occupation, education level, marital status plus many others. Coverage on
clinical information include parity status, use of induction, indications for IOL, induction methods and
others [26].

Statistical Analyses
Data analysis was performed using STATA/IC (version 14, College Station, TX). We used frequencies to
describe maternal socio-demographic characteristics as well as clinical information. Pearson chi-squared
test was used to determine association between a set of independent variables and IOL status in bivariate
analysis. Multivariable log-binomial regression models were used to estimate relative risks (RR) for IOL with
95% con�dence intervals (CI) and its associated adverse outcomes. A p-value of less than 0.05 (2-tailed)
was considered statistically signi�cant for both univariate and multivariable analyses. Clustered analyses
with robust estimation of variances was used to control for repeated deliveries.

Results
Prevalence and trend of induced deliveries at KCMC hospital (2000–2015)

A total of 53,338 deliveries were analyzed. Of these, 11,538 (21.63%) were induced. We elucidated the trend
of IOL over 16 years since the establishment of the KCMC medical birth registry (Fig. 1). There was a non-
uniform trends of labor induction intervention throughout this period. The higher proportions of IOL were
observed during the years 2005, 2006 and 2007 (33.3%, 31.8% and 30.4%, respectively) compared to other
years. Conversely, a decline in IOL was observed from 30.4% in 2007 to 7.5% in 2009

Socio-demographic Characteristics Of Study Participants
The sociodemographic characteristics of study participants are described in Table 1. The mean maternal
age of the participants was 27 (SD = 6) years. More than half (54%) were aged between 20 and 30 years
and had primary education (57%). Majority (87%) were married. More than half (56%) of women were
multiparous, with majority (64%) had normal birthweight babies.
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Table 1: Socio-demographic characteristics of study participants (N = 53,338)

Characteristic Induced delivery

n (%)

Spontaneous delivery

n (%)

χ2 p-value

Maternal age (years)

< 20

20–30

30–35

> 35

Missing

1091 (9.46)

6786 (58.81)

2284 (19.80)

1365 (11.83)

12 (0.10)

3458 (8.27)

22239 (53.20)

9515 (22.76)

6528 (15.62)

60 (0.14)

< 0.001

Multiple gestation

No

Yes

Missing

11106 (96.26)

416 (3.61)

16 (0.14)

39380 (94.21)

2359 (5.64)

61 (0.15)

< 0.001

Education status

None

Primary

Secondary

Higher

Missing

144 (1.25)

5771 (50.02)

1502 (13.02)

4095 (35.49)

26 (0.23)

955 (2.28)

24374 (58.31)

4688 (11.22)

11689 (27.96)

94 (0.22)

< 0.001

Religion

Catholic

Protestant

Muslim

4460 (38.65)

4723 (40.93)

2355 (20.41)

15500 (37.08)

17015 (40.71)

9285 (22.21)

< 0.001

Gestational age

Term

Preterm

Post-term

Missing

8326 (72.16)

1174 (10.18)

1212 (10.50)

826 (7.16)

29342 (70.20)

5666 (13.56)

3135 (7.50)

3657 (8.75)

< 0.001
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Table 1: Socio-demographic characteristics of study participants (N = 53,338)

Parity

Primiparity

Multiparity

6571 (56.95)

4967 (43.05)

16610 (39.74)

25190 (60.26)

< 0.001

Body mass index

Underweight

Normal

Overweight

Obese

Missing

1658 (14.37)

4238 (36.73)

2677 (23.20)

2447 (21.21)

518 (4.49)

5795 (13.86)

15173 (36.30)

9129 (21.84)

9015 (21.57)

2688 (6.43)

< 0.001

Birthweight

Low

Normal

High

Missing

1196 (10.37)

7423 (64.34)

2879 (24.95)

40 (0.35)

5930 (14.19)

26691 (63.85)

8995 (21.52)

184 (0.44)

< 0.001

Associated Factors For Labor Induction At KCMC Hospital
The factors associated with IOL are shown in Table 3. We found that primiparity, advanced maternal age,
postdates, high birthweight and obesity were independent risk factors for IOL. In the adjusted analyses,
primiparous women had 77% (RR 1.77, 95% CI: 1.70–1.83) increased risk of IOL compared to their
multiparous counterparts. Post term pregnancies women (> 42 weeks) had 21% (RR 1.21, 95% CI: 1.15–
1.28) increased risk for IOL compared to term pregnancies. Mothers with big babies (> 4 kg) had 27% (RR
1.27, 95%: 1.18–1.36) increased risk of labor induction compared to women who delivered normal weight
babies. Similarly, women who delivered low birth weight babies also had increased risk of being induced
during labor. Obese women (> 30 kg/m2) had an elevated risk of 12% compared to women with normal
body mass index (BMI). Maternal age offered protection against risks to IOL.
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Table 2
Crude and adjusted effects on risk factors for labor induction at KCMC hospital (2000–2015)

Characteristics Crude RR (95% CI+) p-value Adjusted RR (95% CI+) p-value

Parity

Multiparity

Primiparity

Ref

1.72 (1.67–1.78)

0.001 Ref

1.77 (1.70–1.83)

< 0.001

Maternal age(years)

20–30

<20

30–35

> 35

Ref

1.03 (0.97–1.08)

0.83 (0.79–0.86)

0.74 (0.70–0.78)

0.37

< 0.001

< 0.001

Ref

0.84 (0.79–0.90)

0.95 (0.90–0.99)

0.91 (0.85–0.98)

< 0.001

0.031

0.008

Gestational age

Term

Preterm

Post-term

Ref

0.78 (0.73–0.82)

1.26 (1.20–1.33)

< 0.001

< 0.001

Ref

0.87 (0.82–0.93)

1.21 (1.15–1.28)

< 0.001

< 0.001

Birthweight

Normal

Low

Macrosomic

Ref

0.77 (0.73–0.82)

1.11 (1.07–1.16)

< 0.001

< 0.001

Ref

1.14 (1.07–1.21)

1.27 (1.18–1.36)

< 0.001

< 0.001

Body mass index

Normal

Underweight

Overweight

Obese

Ref

1.02 (0.97–1.07)

1.04 (0.98–1.08)

0.98 (0.94–1.02)

0.463

0.082

0.319

Ref

1.14 (1.08–1.20)

1.05 (1.00–1.10)

1.12 (1.06–1.18)

< 0.001

0.044

< 0.001

Ref: Reference category, +CI: Con�dence Interval

Pregnancy Outcomes Associated Labor Induction At KCMC
Hospital
Crude and adjusted effects for pregnancy outcomes associated with IOL are shown in Table 3. We found
that mothers who underwent IOL had 27% (RR 1.27, 95% CI: 1.17–1.37) an increased risk of having infants
with Apgar scores at 5th minutes and. They also have lower risk of Caesarean Section delivery (RR 0.56,
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95% CI: 0.53–0.58); uterine rapture (RR 1.84, 95% CI: 1.62–2.09) and newborn admission to intensive care
unit [NICU] (RR 0.94, 95% CI: 0.89–0.99) compared to women who had spontaneously vaginal delivery.

Table 3
Associated clinical outcomes for labor induction (IOL) at KCMC (N = 53338)

Pregnancy Outcomes Crude RR (95% CI+) p-value Adjusted RR* (95% CI+) p-value

Delivery mode

VD

CS

Ref

0.54 (0.52–0.56)

< 0.001 Ref

0.56 (0.53–0.58)

< 0.001

Uterine rapture

No

Yes

Ref

1.84 (1.64–2.08)

< 0.001 Ref

1.84 (1.62–2.09)

< 0.001

NICU admission

No

Yes

Ref

0.92 (0.88–0.97)

0.002 Ref

0.94 (0.89–0.99)

0.017

5th minute APGAR

≥ 7

< 7

Ref

1.13 (1.05–1.21)

0.001 Ref

1.27 (1.17–1.37)

< 0.001

+ Con�dence Interval, VD: vaginal Delivery, CS: Cesarean Section, NICU: Neonatal Intensive Care Unit

*RR estimates were adjusted with gestational age, BMI, Maternal age and Parity

Discussion
In this study, the prevalence of labor induction was 21.63%. This proportion was lower compared to
previous hospital-based studies and national surveys conducted in developed countries [27]. This
difference could be attributed to existing high unmet need for IOL that prevails in most resource-
constrained settings including Tanzania [13]. However, the prevalence of IOL in our study was higher
compared to the previous report in Latin America, which reported the IOL prevalence of 11.4% [28]. The
authors in the previous report attributed low prevalence of IOL with poor utilization of the prenatal care
services coupled with low prevalence of institutional deliveries. This might not be the case in the present
study where the ANC attendance is high in the study area.

As several literatures have reported on obstetric complications facing primiparous women such as
prolonged delivery, and emergency cesarean section [29–31]. This is consistence with our study, but in
contrast with some previous studies which reported the protective effect of nulliparity against IOL [32–34].
The high risk of IOL among primiparous women could be explained by the fact that �rst time pregnancies
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are often subjected to obstetric complications due to the fact that the mother’s body is adjusting to a
number of physiological changes. We also found that, maternal age categories considered have a
protective effect on IOL. Similar has been reported elsewhere [32, 33, 35, 36], but it was in contrast with
previous study in Latin America, where the authors did not �nd any association between IOL and maternal
age [37]

Some studies have reported on the association between IOL and post-term pregnancies [37, 38]. This could
be explained by the clinicians’ tendency to recommend/prefer performing among post-date mothers IOL to
ensure the safety of mother and an infant. In addition, the World Health Organization (WHO) recommends
induction of labor (IOL) for women who have reached 41 completed weeks of pregnancy without
spontaneous onset of labor. In some cases, postdate pregnancies may need IOL intervention, which of
course comes with its own set of risks. In the present study, the post-date women had 21% of IOL compared
to term women. Similar �nding was reported elsewhere [38]. Evidence showed that, after 42 weeks of
gestation, the placenta which supplies the baby with nutrients and oxygen from the mother starts aging
and eventually fails, this necessitate the IOL to facilitate delivery of the baby [39]. In addition, post-term
pregnancies is related to uterine overstimulation and fetal distress. This situation may necessitate a need
for IOL intervention.

Macrosomic fetuses are at increased risk of obstetric complications, and notably shoulder dystocia,
responsible for a severe neonatal morbidity. We found a 27% increased risk of IOL among women with
babies weighing > 3.5 kilogram compared to those with normal weights (2.5–3.5) kilograms. IOL in
deliveries that included macrosomic fetuses is done to reduce the risk of cesarean delivery for
cephalopelvic disproportion and shoulder dystocia [40]. This could be the case for the observed association
between IOL and delivery of macrosomic fetuses in our study.

Maternal obesity has been associated by with not only adverse outcomes for mothers and newborns but
also to a need of additional obstetric interventions like IOL [41, 42]. The current study revealed that there
was a 12% an increased risk of IOL among obese women compared to those with normal BMI. This �nding
was in line with previous studies [43]. It is hypothesized that obese condition may lead to a lower Bishop
score at presentation, hence necessitating a need for inducing labor.

Despite undisputed importance of IOL intervention in improving pregnancy outcomes, it can sometimes
lead to unprecedented adverse health outcomes. A previous study conducted among low-risk nulliparous
woman did not result in a signi�cantly lower frequency of a composite adverse perinatal outcome, but it
showed a signi�cantly lower frequency of cesarean delivery [29]. However, a pooled analysis of
observational studies conducted by Sanchez and colleagues suggested that women who were managed
expectantly were more likely to deliver spontaneously compared to women who underwent IOL intervention
[45]. The possible explanation for difference in �ndings between studies might be attributed to the
difference in sample sizes. CS delivery following labor induction may be due to failure in labor progression,
shoulder dystocia, or fetal macrosomia [46].



Page 10/15

The current study found a protective effect of IOL for NICU admissions. These �ndings corroborate with a
secondary analysis using the WHO database that showed a reduced risk of NICU admission among
induced deliveries when compared with those who were managed expectantly [47]. In addition, IOL
suggested a reduced rate of NICU admission in a previous study by the National Institute of Child Health
and Human Development [48]. In contrast, a retrospective cohort study in Scotland revealed an increased
NICU admissions that followed IOL [49]. These differences might be attributable to the difference in sample
size as well as the nature of the study setting (hospital vs. population-based) and country policies that
govern the provision of health service.

In the present study, we found that after adjustment for all predictor variables, induced deliveries showed a
27% an increased risk of delivering an infant with Apgar score of < 7 at 5th minute compared to
spontaneous delivery. This was in contrast with a previous study conducted in the Latin America where the
authors found no difference between these two groups [37]. Our study also found 84% increased risk of
uterine rapture among women who had induced deliveries. This was consistent with previous investigators
[50, 51]. Rapturing of the uterus among women who were induced may possibly be fueled by elevated
action of uterotonic agents that causes building up of pressure that causes mother’s uterus to tear [52].

Strength And Limitations
The study is much advantaged by the huge number of participants enrolled for over sixteen consecutive
years. This made this study to have a large statistical power to detect the true effect of IOL on study
outcomes as well as associated factors. However, we could not assess the in�uence of cervical ripeness on
IOL intervention as modeled in a previous study [55] due to its missingness in this database. Nevertheless,
the study calls upon a prospectively designed study that will model the effect of bishop score on neonatal
and maternal outcomes at this institution.

Conclusion
In this study, IOL was practiced at a rate which is almost similar to that of developed countries. We found
numerous factors were associated with IOL including obesity, nulliparity, postdatism, and fetal
macrosomia. We also found that IOL to be associated with adverse outcomes such as caesarean delivery,
low Apgar scores and uterine rapture. This calls upon close consideration to be taken such that bene�ts of
this intervention outweigh risks of adverse maternal outcomes. Measures also should be put forward to
reduce the risk for IOL.
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