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Abstract
Background Adverse neonatal outcomes are one of the most common causes of neonatal mortality and morbidity. 
Empirical evidence across the world shows that induction of labor potentiates adverse neonatal outcomes. In 
Ethiopia, there has been limited data that compares the frequency of adverse neonatal outcomes between induced 
and spontaneous labor.

Objectives To compare the prevalence of adverse neonatal outcomes between induced and spontaneous labor and 
to determine associated factors among women who gave birth in public hospitals of Awi Zone, Northwest Ethiopia.

Methods A comparative cross-sectional study was conducted at Awi Zone public hospitals from May 1 to June 
30, 2022. A simple random sampling technique was employed to select 788 (260 induced and 528 spontaneous) 
women. The collected data were analyzed using statistical package for social science (SPSS) software version 26. The 
Chi-square test and an independent t-test were used for categorical and continuous variables, respectively. A binary 
logistic regression was used to assess the association between the outcome and explanatory variables. In the bivariate 
analysis, a p-value ≤ 0.2 at a 95% confidence interval was used to consider the variables in the multivariate analysis. 
Finally, statistical significance was stated at a p-value of less than 0.05.

Result The adverse neonatal outcomes among women who gave birth through induced labor were 41.1%, whereas 
spontaneous labor was 10.3%. The odds of adverse neonatal outcomes in induced labor were nearly two times higher 
than in spontaneous labor (AOR = 1.89, 95% CI: 1.11–3.22). No education (AOR = 2.00, 95% CI: 1.56, 6.44), chronic 
disease (AOR = 3.99, 95% CI: 1.87, 8.52), male involvement (AOR = 2.23, 95% CI: 1.23, 4.06), preterm birth (AOR = 9.83, 
95% CI: 8.74, 76.37), operative delivery (AOR = 8.60, 95% CI: 4.63, 15.90), cesarean section (AOR = 4.17, 95% CI: 1.94, 
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Introduction
By its nature, childbirth is a risky event for both the 
mother and the fetus, regardless of the mode of deliv-
ery [1]. In the natural (spontaneous) onset and termina-
tion of labor, there is very little chance of complications. 
However, technological labor interventions, including 
induction, carry considerable risk. Induction of labor is 
the artificial initiation of uterine contractions to accom-
plish delivery prior to the commencement of spontane-
ous labor [1–3]. Induction of labor is not risk-free, and 
many women find it uncomfortable. There are several 
ways to perform the induction procedure, including sur-
gical, medical, and combined methods [4]. Each of these 
procedures entails possible hazards for the mother and 
the newborn [5].

While being a contentious obstetric procedure, induc-
tion of labor undoubtedly reduces some risks associ-
ated with an ongoing pregnancy, such as intrauterine 
fetal death (IUFD) for an unknown reason if carried out 
electively [6]. According to the World Health Organiza-
tion (WHO) survey, about 9.6% of the deliveries involved 
labor induction. The proportion is higher in technologi-
cally advanced countries. In developed countries, induc-
tion of labor currently accounts for around one-quarter 
of all deliveries at term [3].

In comparison to watchful follow-up, induction of labor 
is associated with increased perinatal mortality, neona-
tal hospitalizations, and low Apgar scores. The perinatal 
mortality rate encompasses both stillbirths (fetal death 
in the intrapartum period) and early neonatal deaths [7]. 
Adverse neonatal outcomes occur far more frequently in 
induced labor [8]. Two studies, retrospective cohort and 
meta-analysis, conducted in Australia, identified induc-
tion of labor with an increased risk of adverse neonatal 
outcomes [9, 10]. Another retrospective cohort study 
carried out in the United Kingdom (UK) revealed that 
the rate of neonatal admission to neonatal intensive care 
was elevated when labor was induced [11]. A prospec-
tive cohort research carried out in Nigeria indicated that 
induced labor was associated with a greater rate of neo-
natal intensive care unit (NICU) admission [12]. A cross-
sectional study carried out in Ethiopia’s Tigray region 
revealed a statistically significant association between 
poor delivery outcomes and labor induction [13].

The adverse outcomes in induced and spontaneous 
labor were significantly associated with different socio-
demographic, obstetric, and individual factors. Adverse 
neonatal outcomes are significantly associated with 
maternal education, age, maternal race, antenatal care 
(ANC), parity, gestational, income, birth weight, cervical 
status, pregnancy-induced hypertension, and pre-exist-
ing chronic disease, according to empirical evidence from 
around the world [14–22].

Adverse neonatal outcomes are a major public health 
problem and far more frequent following induction of 
labor [14, 23], and they are the major causes of neona-
tal morbidity and mortality [24]. In Ethiopia, the adverse 
neonatal outcome was found to be significantly high [15, 
25]. As in any of other low-resource country, adverse 
neonatal outcomes are a major public health problem in 
both induced and spontaneous labor in Ethiopia [14].

Ethiopia has introduced a variety of strategies and 
has made a strong effort to improve neonatal health (to 
reduce neonatal mortality and morbidity), however, the 
country still has high neonatal mortality and morbid-
ity, which is substantially higher than the the sustainable 
development goal’s (SDG’s) target by 2030 [26]. Robust 
and up-to-date evidence is compulsory to strengthen the 
continuing efforts to reduce adverse neonatal outcomes, 
the major cause of morbidity and mortality.

Even though there have numerous studies been carried 
out on adverse newborn outcomes in Ethiopia, most of 
these studies did not compare the prevalence of those 
outcomes in induced and spontaneous labor. The cur-
rent study therefore aimed to compare the prevalence 
of adverse neonatal outcomes and determine associated 
factors among mothers who gave birth through induced 
and spontaneous labor in public hospitals of the Awi 
Zone, Northwest Ethiopia. Our study’s main hypotheses 
were that there is a difference between spontaneous and 
induced labor in adverse neonatal outcomes.

Method and materials
Study design, study period, and study setting
A comparative cross-sectional study was conducted from 
May 1 to June 30, 2022, in public hospitals in the Awi 
Zone. The Awi zone is located in the Amhara Regional 
State, northwest of Ethiopia. The capital of the zone is 

8.95), and labor complications (AOR = 5.16, 95% CI: 2.90, 9.18) were significantly associated factors with adverse 
neonatal outcomes.

Conclusion and recommendation Adverse neonatal outcomes in the study area were higher. Composite adverse 
neonatal outcomes were significantly higher in induced labor compared to spontaneous labor. Therefore, it is 
important to anticipate the possible adverse neonatal outcomes and plan management strategies while conducting 
every labor induction.
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Injibara town, located 114 and 445.9 km from Bahr Dar 
city, the capital of Amhara Regional State, and Addis 
Ababa, the capital of Ethiopia, respectively. In the zone, 
there are five public hospitals and forty-seven health 
centers that serve a total population of around 1,077,144 
[27]. The annual delivery report from the zone’s public 
hospitals was 10,547 the year before this survey.

Population
All postpartum mothers who gave birth in the public 
hospitals of Awi Zone during the survey period were 
considered the source population, whereas systematically 
selected mothers from similar settings were considered 
the study population.

Eligibility criteria
All selected postpartum mothers who agreed to partici-
pate were included in the study. However, mothers who 
suffered from intrauterine fetal death or were critically 
ill during the survey were excluded from this study. In 
addition, mothers who were referred to another hospital 
while being interviewed were excluded.

Sample size determination
The sample size was calculated assuming 50% for P1 and 
P2, a 5% degree of freedom, and a 95% two-sided level of 
confidence as follows:
Anticipated population proportions P1 and 

P2
Confidence level 100(1-a)%

Absolute precision required on either side of the true value 
of the difference between P1 and P2 100(1-a)% the propor-
tions (in percentage points)

D

Intermediate value V = P1 
(1-Pd + P2 
(1-P2)

 N = (Z12 − @/2 )[ P1(1 − P1) + P2(1 − P2)]/D2 
N = (Z12 − @/2)V/D2

Where, V = P1 (1-P1) + P2 (1-P2), Intermediate value.

 
N = (1.96)2 [0.5(1 − 0.5) + 0.5(1 − 0.5)]/(0.05)2

= 806.72 ∼ 807

Based on the above calculation, the total sample size for 
this study was 807, considering a 5% non-response rate 
(538 spontaneous and 269 induced women with a 2:1 
ratio).

Sampling procedure
All five public hospitals found in the Awi Zone were 
included in the study. The sample was proportionally 
allocated to each hospital based on the previous year’s 

two-month average number of delivery reports for the 
respective hospitals. Then a systematic random sam-
pling technique was used to select participants from each 
public hospital. The Kth value for each hospital was cal-
culated by dividing the two-month (May and June) aver-
age delivery of the previous year preceding this survey by 
the total sample size, which is ~ 2 for all hospitals (Fig. 1). 
The first mother was selected separately for each hospital 
using a simple random sampling technique among moth-
ers who gave birth on the first day of the postpartum 
period.

Study variables
The comparison of the prevalence of adverse neonatal 
outcomes in induced and spontaneous labor was the out-
come variable of this study, whereas socio-demographic 
characteristics (age, residence, educational status, occu-
pation, religion, ethnicity, marital status, and monthly 
income), reproductive and obstetric characteristics (gra-
vidity, parity, gestational age, ANC, Iron Folate supple-
mentation, bad obstetric history, method of induction, 
pregnancy complications, MUAC, and hemoglobin 
level, male involvement in health-seeking behavior) and 
behavioral and medical-related characteristics (prenatal 
substance use history, existence of chronic disease, and 
history of malaria) were the explanatory variables tested 
in this study.

Operational and term definitions
Adverse (unfavorable) neonatal outcome: was referred as 
the occurrence of at least one of the following: need of 
resuscitation following delivery, low Apgar score at first 
or fifth minutes, fetal death during intrapartum, imme-
diate neonatal death, RDS, birth asphyxia, NICU admis-
sion, and neonatal jaundice within 24  h of delivery [16, 
28–33].

Stillbirth was referred as the death of a fetus before 
delivery, but after initiation of labor (fetal death during 
the intrapartum time before delivery) [34].

Immediate (early) neonatal death the death of the new-
born or death of the neonate within the first 24 h of life 
[35].
Bad obstetric history: was considered when a woman 
had at least one of the following conditions in a previous 
pregnancy: still birth, early neonatal death, and recurrent 
abortion [36].

Favorable cervical condition when the Bishop score is 
≥ 6, cervical condition and induction is likely to succeed 
[2].
Unfavorable cervical condition:- when the Bishop score 
is ≤ 5, cervical status is unlikely to yield for induction [4].



Page 4 of 14Laikemariam et al. BMC Pregnancy and Childbirth          (2023) 23:307 

Data collection tools and technique
Ten data collectors (two professionals for each hospital) 
from the governmental health institutions (five midwives 
and five health extension workers) collected the data 
using a pretested structured questionnaire and checklist 
that was prepared in Epicollect-5 software. The question-
naire was adapted from similar previous studies where its 
validity was tested [37]. The data collectors approached 
the study participants at the time of exit or after 24  h 
of the postpartum period and conducted face-to-face 
interviews.

Data quality assurance
Two weeks preceding the actual study, a pretest was 
conducted among 5% (19 spontaneous and 9 induced 
labor cases) of the total sampled population in Durbtie 
primary hospital. Based on the pretest data, necessary 
amendments in the sequence and wording of the ques-
tionnaires were made. Confusing and unclear questions 
were checked and edited accordingly before actual data 
collection. Regular checkups for completeness and con-
sistency of the data were performed on a daily basis. To 
ensure a clear understanding for the participants and to 

Fig. 1 Schematic presentation of sampling procedure to select women from public hospitals in the Awi Zone, Ethiopia 2022
Note:
IL: Induced labor.
SL: Spontaneous labor.
SRS: Systematic random sampling.
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obtain correct responses, the English version of the ques-
tionnaire was translated to Amharic (a local language) 
and then retranslated back to English by two language 
experts. The two-day training was given to the data col-
lectors and supervisors. After the data were collected, 
they were downloaded into excel in CSV format, then 
exported to SPSS for analysis. In addition, during data 
analysis, the data were cleaned carefully and any missing 
values were handled carefully.

Data processing and analysis
Data were cleaned to ensure completeness, consistency, 
the absence of missing values, and appropriate variable 
coding. The adverse neonatal outcomes and socio-demo-
graphic characteristics were analyzed through descrip-
tive chi-square cross-tabulation analysis using statistical 
package for social science (SPSS) software version 26. 
The Chi square test and an independent t-test were 
used to compare categorical and continuous variables 
between induced women and spontaneously delivered 
women, respectively. In addition, a binary logistic regres-
sion analysis was performed to test the associations. In 
the bivariate analysis, a p-value ≤ 0.2 at 95% CI was used. 
A significant association was stated when a p-value was 
less than 0.05 at a 95% CI in multivariate analysis after 
controlling for potential cofounders. A model fit test 
was conducted using the Hosmer and Lemeshow test, 
and multicollinarity diagnostics was conducted through 
linear regression with backward stepwise conditional 
analysis using variance inflation factor (VIF). Data pre-
sentation techniques such as percentages, frequency dis-
tribution tables, and figures were used.

Results
Socio-demographic characteristics of participants
From the total of 807 sampled populations, 788 (528 
spontaneous and 260 induced women) participants were 
involved in the study, giving a response rate of 97.6%. The 
mean age participants who experienced induced labor 
was 27.91 (SD = ± 6.12), whereas the mean age of par-
ticipants who gave birth through spontaneous labor was 
26.92 (SD = ± 5.47). About 145 (61.4%)) of participants 
who gave birth through spontaneous labor had no formal 
education. In women whose labor induced, 214(82.3%) 
women had male partner involvement in their health 
seeking behavior compared to 474(89.7%) women in 
spontaneous labor (Table 1).

Behavioral and pre-existing medical problems
Of the participants, 54(20.7%) induced women had pre-
natal substance use compared to 66(12.5%) women who 
gave birth through spontaneous labor. The percentage of 
chronic disease in induced and spontaneous labor was 
28(10.8%) and 26 (4.9%), respectively (Table 2).

Obstetric characteristics
The proportion of bad obstetric history among women 
who gave birth through induced and spontaneous onset 
of labor was 54(20.7%) and 76 (14.4%), respectively. Two 
hundred four (78.5%) induced women were supplied with 
iron with folic acid compared to four hundred forty-eight 
(84.8%) spontaneously labored study participants. About 
520 (98.5%) spontaneously labored women had ANC 
follow-up. The mean GA of induced women and spon-
taneously delivered mothers was 39.61(SD = ± 2.06) and 
38.04(SD = ± 1.64), respectively. Among women whose 
labor was induced, 75 (28.8%) women encountered com-
plications during labor delivery, but only 41(7.8%) spon-
taneously delivered women faced complications during 
labor delivery (Table 3).

Newborn characteristics
The proportion of fetal deaths in the intrapartum period 
and neonatal deaths in the first 24  h of birth among 
women who gave birth through induced and spontane-
ous labor was 13(5%) and 6(1.14%) deaths, respectively. 
The mean first-minute Apgar score among induced and 
spontaneously delivered newborns was 6.86 (SD = ± 1.36) 
and 7.44(SD = ± 0.91), respectively. Likewise, the mean 
fifth minute Apgar score among induced and sponta-
neously delivered newborns was 8.44(SD = ± 1.75) and 
8.88(SD = ± 1.03), respectively, through independent 
T-test. The mean newborn birth weight in grams among 
induced and spontaneously delivered newborns was 
3073.08 (SD = ± 372.78) and 3067.8 (SD = ± 323.27) grams, 
respectively. The significant proportion of newborns 
born through induced labor had a low first-minute Apgar 
score of 77 (29.6%) compared to the newborns deliv-
ered through spontaneous labor of 33 (6.3%). A signifi-
cant percentage of newborns delivered through induced 
labor were admitted to the NICU compared to newborns 
delivered through spontaneous labor [40(15.4%) and 30 
(5.7%), respectively] (Table 4).

Adverse neonatal outcomes
The adverse neonatal outcomes among women who gave 
birth through induction were 41.1 (95% CI: 34.8, 46.7), 
compared to 10.3 (95% CI: 8.1, 13.3) in women who gave 
birth spontaneously. The overall magnitude of adverse 
neonatal outcomes among women who gave birth at the 
public hospitals of the Awi zone was 20.4 (95% CI: 17.8, 
23.0) (Fig. 2 and Fig. 3).

Factors associated with adverse neonatal outcomes
Maternal age, marital status, educational status, monthly 
income, prenatal substance use, chronic disease, history 
of malarial infection, gravidity, parity, ANC follow up, 
bad obstetrical history, iron folate supplementation, com-
plications during recent pregnancy, male involvement, 
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Table 1 Socio-demographic characteristics of mothers who gave birth through induced and spontaneous labor in public hospitals of 
Awi Zone, Northwest Ethiopia, 2022
Variables Induced labor (n = 260) Spontaneous 

labor (n = 528)
Total (n = 788)

Frequency (%) Frequency (%) Frequency (%) χ2,Asymptotic 
Significance 
(2-sided)

Age of respondent’s 17–19 years(< 20 years) 21(31.3%) 46(68.7%) 67(8.5%) 0.032

20–34 years 196(31.4%) 429(68.6%) 625(79.3%)

>= 35 years 43(44.8%) 53(55.2%) 96(12.2%)

Residence Rural 106(33%) 215(67%) 321(40.7%) 0.989

Town 154(33%) 313(67%) 467(59.3%)

Marital status Single 5(29.4%) 12(70.6%) 17(2.2%) < 0.001

Married /union 229(31.2%) 506 (68.8%) 735(93.3%)

Othersa 26(72.2%) 10(27.8%) 36(4.6%)

Maternal education No education 91(38.6%) 145(61.4%) 236(29.9%) 0.173

Primary education 63(30%) 147 (70%) 210(26.6%)

Secondary education 61(30%) 142(70%) 203(25.8%)

> Secondary education 45(32.4%) 94(67.6%) 139(17.6%)

Male involvement No 44(44%) 56(56%) 100(12.7%) 0.006

Yes 214(31.1%) 474(68.9%) 688(87.3)

Religion Orthodox 219 (32.2%) 461(67.8%) 680(86.3%) 0.489

Muslims 33(38.4%) 53(61.6%) 86(10.9%)

Othersb 8 (36.4%) 14(63.6%) 22(2.8%)

Ethnicity Awi/Agew 133(31.4%) 291(68.6%) 424(53.8%) < 0.001

Amhara 88 (29.6%) 209(70.4%) 297(37.7%)

Othersc 39 (58.2%) 28(41.8%) 67(8.5%)

Maternal 
occupation

House wife 70 (33.3%) 140(66.7%) 210(26.6%) 0.977

Farmer 83(32.7%) 171(67.3%) 254(32.2%)

Governmental employee 31(34.8%) 58 (65.2%) 89(11.3%)

Othersd 76(32.3%) 159(67.7%) 235(29.9%)

Family monthly 
income(ETB)

< 500 ETB 77(41.4%) 109(58.6%) 186(23.6%) 0.039

500–1000 ETB 92(29.3%) 222(70.7%) 314(39.8%)

1001–2000 ETB 26(33.8%) 51(66.2%) 77(9.8%)

> 2000 ETB 65(30.8%) 146(69.2%) 211(26.8%)
Note: a Divorced and widowed, bOromo and Benshagule Gumez, cMuslim and no religion, dStudent, merchant and daily laborers/private employee, the minimum 
age of respondent’s used in the study was > 17 years

Table 2 Lifestyle and medical related characteristics of mothers who gave birth through induced and spontaneous labor in public 
hospitals of Awi Zone, Northwest Ethiopia, 2022
Variables Induced labor (n = 260) Spontaneous labor 

(n = 528)
Total (n = 788)

Frequency (%) Frequency (%) Frequency (%) χ2,Asymptotic 
Significance 
(2-sided)

Prenatal substance use Yes 54(45.8%) 64(54.2%) 118 (15%) 0.001

No 206(30.7%) 464(69.3%) 670 (85%)

Chronic disease Yes 28(51.9%) 26(48.1%) 54(6.9%) < 0.001

No 232(31.6%) 502(68.4%) 734(93.1%)

Types of pre-existing 
chronic diseaseR

Pre-gestational Diabetes 
mellitus

7(87.5%) 1(12.5%) 8 (1%) < 0.001

Chronic hypertension 8 (80%) 2(20%) 10(1.3%)

Anemia 3(50%) 3(50%) 6(0.8%)

Others* 10(33.3%) 20(66.7%) 30(3.8%)

History of malarial 
infection

Yes 79(37.3%) 133(62.7%) 212(26.9%) 0.122

No 181(31.4%) 395(68.6%) 576(73.1%)
Note: *Asthma, tuberculosis and HIV/AIDS, RMore than one choice possible
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Table 3 Obstetrics characteristics of mothers who gave birth through induced and spontaneous labor in public hospitals of Awi Zone, 
Northwest Ethiopia, 2022
Variables Induced labor (n = 260) Spontaneous labor 

(n = 528)
Total (n = 788)

Frequency (%) Frequency (%) Frequency (%) χ2, Asymp-
totic Sig-
nificance 
(2-sided)

Gravidity Primigravida 104(32.7%) 214 (67.3%) 318(40.4%) 0.556

Multigravida 124(32.2%) 261(67.8%) 385(48.9%)

Grand multigravida 32(37.6%) 53(62.4%) 85(10.8%)

Parity Primipara 104(32.5%) 214(67.3%) 318(40.4%) 0.727

Multipara 125(32.5%) 260(67.5%) 385(47.5%)

Grand multipara 31(36.5%) 54(63.5%) 85(10.8%)

Bad obstetric history Yes 54(41.5%) 76(58.5%) 130(16.5%) 0.023

No 206(31.3%) 452(68.7%) 658 (83.5%)

Types of bad obstetric 
historyR

Abortion 40(45.5%) 48(54.6%) 88(67.7%) 0.058

Immediate neonatal death 5(27.8%) 13(72.2%) 18(13.8%)

Stillbirth and IUFD 9(37.5%) 15(62.5%) 24(18.5%)

ANC follow up No 6(42.9%) 8(57.1%) 14(1.8%) 0.428

Yes 254(32.8%) 520(67.2%) 774(98.2%)

GA of ANC initiation After 12th weeks 182(30.1%) 423(69.9%) 605(78.2%) 0.002

Within 12th weeks 72(42.6%) 97(57.4%) 169(21.8%)

Number of ANC visit 1–3 ANC visit 74(40.2%) 110(59.8%) 184(23.8%) 0.014

>=4 ANC visit 180(30.5%) 410(69.5%) 590(76.2%)

TT vaccination No 22(34.9%) 41(65.1%) 63(8%) 0.735

Yes 238(32.8%) 487(67.2%) 725(92%)

Iron with folic acid 
supplementation

No 56(41.2%) 80(58.8%) 136(17.3%) 0.026

Yes 204(31.3%) 448 (68.7%) 652(82.7%)

Duration of iron with folic 
acid supplementation

< 3 months 74(28%) 190(72%) 264(40.5%) 0.025

>= three months 130(33.5%) 258(66.5%) 388(59.5%)

Pregnancy complications Yes 141(74.2%) 49(25.8%) 190(24.1%) < 0.001

No 119(19.9%) 479(80.1%) 598 (75.9%)

Types of pregnancy 
complicationsR

Pregnancy Induced hypertension 84(82.4%) 18(17.6%) 102 (53.7%) < 0.001

Antepartum hemorrhage(APH) 26(60.5%) 17(39.5%) 43(22.6%)

PROM 12(60%) 8(40%) 20 (10.5%)

Others* 19(76%) 6(24%) 25(13.2%)

Maternal MUAC =<22 cm 54(32.1%) 114(67.9%) 168(21.3%) 0.791

>=23 cm 206(33.2%) 414(66.8%) 620(78.7%)

Maternal Hgb =<10 mg/dl 15(57.7%) 11(42.3%) 26(3.3%) 0.006

>=11 mg/dl 245(32.2%) 517(67.8%) 762(96.7%)

Gestational age Preterm 13(54.2%) 11(45.8%) 24(3%) < 0.001

Term 221(30%) 515(70%) 736(93.4%)

Post term 26(92.9%) 2(7.1%) 28(3.6%)

MSAF Yes 158(87.3%) 23(12.7%) 181(23%) < 0.001

No 102(16.8%) 505(83.2%) 607(77%)

Mode of delivery Instrumental delivery 84(77.1%) 25(22.9%) 109(13.8%) < 0.001

Emergency CS delivery 66(85.7%) 11(14.3%) 77(9. 8%)

SVD 110(18.3%) 492(81.7%) 602(76.4%)

Complication during labor 
–delivery

Yes 75(64.7%) 41(35.3%) 116(14.7%) < 0.001

No 185(27.5%) 487(72.5%) 672(85.3%)

Types of labor delivery 
complicationsR

Precipitated labor 42(87.5%) 6(12.5%) 48(41.4%) < 0.001

Prolonged labor 22(44%) 28(56%) 50(43.2%)

Postpartum hemorrhage 11(57.9%) 8(42.1%) 19(16.4%)
Note: * Gestational DM and related complications, RMore than one choice possible, PROM (premature rupture of membrane), SD = standard deviation
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hemoglobin level, gestational age, onset of labor, MSAF, 
mode of delivery, and complications during labor-
delivery were variables that showed association with 
adverse neonatal outcome in the bivariate analysis at 
p-value ≤ 0.2.

However, in multivariable regression (after adjust-
ing possible confounding variables), educational sta-
tus, chronic disease, male involvement, gestational age, 
onset of labor, mode of delivery, and complications dur-
ing labor-delivery were significantly associated with 
adverse neonatal outcomes at p-value < 0.05. Accord-
ingly, the odds of adverse neonatal outcomes in induced 
labor were nearly two-fold higher than in spontaneous 
labor (AOR = 1.89, 95% CI: 1.11, 3.22). The likelihood of 
developing adverse neonatal outcomes among women 
who had no formal education was two times higher 
compared to those who had at least a secondary educa-
tion (AOR = 2.00, 95% CI: 1.56, 6.44). Mothers who had 
chronic disease were about four times more likely to 
have adverse neonatal outcomes compared to mothers 
who had no chronic disease (AOR = 3.99, 95% CI: 1.87, 
8.52). Mothers whose partners were not involved in their 

health-seeking behavior were around two times more 
likely to have adverse neonatal outcomes compared to 
mothers whose partners were involved (AOR = 2.23, 95% 
CI: 1.23, 4.06). The likelihood of developing adverse neo-
natal outcomes among women who encounter complica-
tions during labor-delivery was nearly five times higher 
compared to women who had no labor-delivery com-
plications (AOR = 5.16, 95% CI: 2.90, 9.18). The odds of 
adverse neonatal outcomes among women who gave 
birth through cesarean section were four-fold higher 
compared to women who gave birth through spontane-
ous vaginal delivery (AOR = 4.17, 95% CI: 1.94, 8.95). The 
odds of adverse neonatal outcomes among women who 
gave birth through instrumental delivery were more than 
eight-fold higher than in women who gave birth through 
spontaneous vaginal delivery (AOR = 8.60, 95% CI: 4.63, 
15.90). Moreover, the probability of developing adverse 
neonatal outcomes was nearly four times higher in term 
delivery compared to preterm (AOR = 9.83, 95% CI: 8.74, 
76.37) (Table 5).

Table 4 Newborn characteristics of mothers who gave birth through induced and spontaneous labor in public hospitals of Awi Zone, 
Northwest Ethiopia, 2022
Variables Induced labor (n = 260) Spontaneous labor 

(n = 528)
Total (n = 788)

Frequency (%) Frequency (%) Frequency (%) χ2, Asymp-
totic Sig-
nificance 
(2-sided)

Birth outcome Dead 13(68.4%) 6(31.6%) 19(2.4%) 0.001

Alive 247(32.1%) 522(67.9%) 769(97.6%)

Sex Male 129(36.9%) 221(63.1%) 350(44.4%) 0.039

Female 131(29.9%) 307(70.1%) 438(55.6%)

Newborn birth weight 
in gram

< 2500 12(66.7%) 6(33.3%) 18(2.3%) 0.002

2500–4000 244 (31.9%) 520(68.1%) 764(97%)

> 4000 4(66.7%) 2(33.3%) 6(0.7%)

First minute APGAR 
score

Low APGAR score (< 7) 77(70%) 33(30%) 110(14%) < 0.001

Normal APGAR score ( > = 7) 183(27%) 495(73%) 678(86%)

Fifth minute APGAR 
score

Low APGAR score (< 7) 21(67.7%) 10(32.3%) 31(3.9%) < 0.001

Normal APGAR score ( > = 7) 239(31.6%) 518(68.4%) 757(96.1%)

Need of resuscitation Yes 93(69.4%) 41(30.6%) 134(17%) < 0.001

No 167(25.5%) 487(74.5%) 654(83%)

NICU admission Yes 40(57.1%) 30(42.9%) 70(8.9%) < 0.001

No 220(30.6%) 498 (69.4%) 718(91.1%)

Indication of NICU 
admissionR

Asphyxia 16(64%) 9(36%) 25(35.7%) < 0.001

Prematurity 5(41.7%) 7(58.3%) 12(17.1%)

Jaundice 7(50%) 7(50%) 14(20%)

Others* 12(63.2%) 7(36.8%) 19(27.2%)

Newborn
Jaundice

Yes 13(56.5%) 10(43.5%) 23(2.9%) 0.015

No 247(32.3%) 518(67.7%) 765(97.1%)

Newborn outcome Favorable 153(24.4%) 474((75.6%) 627(79.6%) < 0.001

Unfavorable 107(66.5%) 54(33.5%) 161(20.4%)
Note: * Infection, hypothermia and respiratory distress syndrome, RMore than one choice possible, SD = standard deviation
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Fig. 3 Adverse neonatal outcomes among induced and spontaneously delivered mothers at Awi zone public hospitals, Northwest Ethiopia: 2022

 

Fig. 2 General neonatal outcomes among induced and spontaneously delivered mothers at Awi zone public hospitals, Northwest Ethiopia: 2022
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Discussion
This study tested the hypothesis that there is no differ-
ence between spontaneous and induced labor in the 
prevalence of poor newborn outcomes. Accordingly, the 
study confirmed that adverse neonatal outcomes were 
significantly higher in induced labor than in spontane-
ous labor. In the study, the prevalence of adverse neona-
tal outcomes among participants who gave birth through 
induced labor was found to be 41.1%, compared to 10.3% 
in participants who gave birth through spontaneous 
labor. This finding is congruent with the studies con-
ducted in the Tigray region [38], Australia [29], Sudan 
[30], and India [31]. This consistency is grounded in the 
evidence that labor induction is associated with a range 
of obstetrical complications [3].

The overall prevalence of adverse neonatal outcomes 
found to be 20.4%. This figure is comparable with the 
finding from a study conducted in the Tigray Region of 
northern Ethiopia [13]. The reason for this similarity 
could be that adverse neonatal outcomes are still a public 
health threat and efforts should be addressed.

Regarding the specific adverse neonatal outcomes, the 
composite proportions of neonatal deaths in the intra-
partum and immediate neonatal deaths were significantly 
higher among women who gave birth through induced 
labor (5% ) compared to those who gave birth through 
spontaneous labor (1.1%). This finding is in agreement 
with studies conducted in Australia [9], Sudan [30], and 
Ethiopia [30]. This might be correlated to the evidence 
that induced labor is associated with different early neo-
natal complications like birth asphyxia, respiratory com-
plications [30], and NRFHRP [16] that result in the death 
of neonates in the immediate neonatal period.

The study confirmed that the percentage of Apgar 
scores less than 7 in the first minute (29.6%) and the fifth 
minute (6.3%) of delivery was significantly higher among 
women who gave birth through induced labor compared 
to women who gave birth through spontaneous labor, at 
8.1% and 1.9% in the first and fifth minute, respectively. 
These findings were comparable to studies conducted 
in Australia [9], India [16], Tanzania, and Nigeria [39, 
40]. This could be due to diminished utero-placental 
blood supply during labor induction, which could cause 
increased NRFHRP [41, 42] and later result in a low 
Apgar score. The current finding is different from a study 
conducted in India which found that first and fifth min-
ute Apgar scores were significantly higher in spontaneous 
labor [43]. The discrepancy might be related to differ-
ences in induction procedures [38].

According to the present study, more neonates born 
through induced labor (35.8%) required immediate resus-
citation after delivery compared to those born through 
spontaneous labor (7.8%). This figure is comparable to 
the studies conducted in Switzerland [44], Belgium [32], 

and Barcelona [45], the US [42], and Japan [18]. This 
could be related to the increased rates of MSAF and birth 
asphyxia following induction of labor.

Our study showed that the rate of NICU admission 
among babies born through induction of labor (15.4%) 
was significantly higher compared to spontaneously born 
newborns (5.7%). This result is similar to the studies con-
ducted in Jordan [46], Australia [9, 29], India [16, 31], 
Switzerland [28], Belgium [32], and Nigeria [39, 40]. This 
finding could be due to the fact that induction of labor 
results in early neonatal complications that need special 
care in the NICU [10, 17, 30, 38].

In this study, mothers who had no formal education 
were two times more likely to develop adverse neonatal 
outcomes compared to women who had studied higher 
than secondary school. This finding is comparable to the 
studies conducted in India [19], Italy [20], the USA [22], 
and Ethiopia [21]. This association might be due to the 
fact that the level of maternal education has been iden-
tified as being important for making prompt decisions 
during complications [19]. During either obstetrics or 
other health care counseling sessions, mothers with 
higher grades comprehend the information better than 
uneducated mothers [47].

The odds of adverse neonatal outcomes among par-
ticipants who have had a chronic disease were nearly 
four times higher compared to those who have not had 
a chronic medical disease. This finding is comparable to 
the studies conducted in Denmark [48] and Ethiopia [49]. 
This might be associated with the fact that chronic dis-
eases diminish feto-placental placental blood supply [15].

When compared to those whose male partner was 
involved in their health-seeking decision, the likeli-
hood of adverse neonatal outcomes was nearly two-fold 
higher among participants whose male partner was not 
involved. This finding is congruent with the study find-
ings from Australia [50] and Kenya [51]. The male part-
ners’ involvement in women’s healthcare is a key to 
emotional, physical, and financial support for childbear-
ing women [52].

In this study, gestational age was also shown to have a 
significant association with adverse neonatal outcomes. 
The odds of developing adverse neonatal outcomes were 
nearly ten-fold higher among participants who expe-
rienced preterm labor compared to those who experi-
enced term labor. This finding is comparable to a study 
conducted in Israel [53]. The reason might be due to the 
immaturity of the newborn, such as fetal lung immatu-
rity [54]. Similarly, the odds of adverse outcomes among 
newborns delivered in the post-term period were around 
two-fold higher than those born in the term period. This 
result is comparable to a study conducted in Addis Ababa 
[55]. This association might be due to the fact that there 
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Table 5 Logistic regression to identify factors associated with adverse neonatal outcomes among mothers who gave birth through 
induced and spontaneous labor in public hospitals of Awi Zone, Northwest Ethiopia, 2022
Variables Adverse neonatal outcomes

Frequency (%) COR (95% CI) AOR (95% CI) p-value

Yes No
Onset of labor Induced 107(41.2%) 153(58.8%) 6.14(4.22, 8.93) * 1. 89(1.11, 3.22) 0.019

Spontaneous 54(10.2%) 474(89.8%) 1 1

Maternal age < 20 years 18(26.9%) 49(73.1%) 1.66(0.93, 2.97) 1.29(0.82,3.94) > 0.1

20–34 years 113(18.1%) 512(81.9%) 1 1

>=35 years 30(31.3%) 66(68.8%) 2.06(1.278, 3.319) 1.12(0.56, 2.27)

Maternal educa-
tional status

No education 70(29.7%) 166(70.3%) 2.021(1.2, 3.402) * 2.00(1.56, 6.44) 0.001

Primary 35(16.7%) 175(83.3%) 0.958(0.542, 1.695) 0.92(0.82, 3.76) 0.144

Secondary 32(15.8%) 171(84.2%) 0.897(0.502, 1.601) 0.87(0.83, 3.8) 0.138

> secondary 24(17.3%) 115(82.7%) 1 1

Marital status Single 6(35.3%) 11(64.7%) 2.381(0.866, 6.549) 0.45(0.10, 1.96) > 0.3

Married 137(18.6%) 598(81.4%) 1 1

Others 18(50%) 18(50%) 4.37(2.21, 8.61) 1.17(0.42, 3.21)

Monthly income 
in ETB

< 500 53(28.5%) 133(71.5%) 1.94(1.20, 3.13) 1.02(0.42, 2.47) >0.6

500–1000 59(18.8%) 255(81.2%) 1.13(0.712, 1.78) 0.91(0.43,1.94)

1001–2000 13(16.9%) 64(83.1%) 0.99(0.49, 1.98) 0.88(0.33,2.33)

> 2000 36(17.1%) 175(82.9%) 1 1

Prenatal substance 
use

Yes 39(33.1) 79(66.9) 2.22(1.44, 3.41) 1.20(0.65, 2.22) 0.55

No 122(18.2%) 548(81.8%) 1 1

Chronic disease Yes 28(51.9%) 26(48.9%) 4.87(2.76, 8.57) 3.99(1. 87, 8.52) < 0.001

No 133(18.1%) 601(81.9%) 1 1

Hx of malaria 
infection

Yes 54(25.5%) 158(74.5%) 1.50(1.03, 2.18) 0.85(0.50, 1.45) 0.59

No 107(18.6%) 469(81.4%) 1 1

Gravidity Primigravida 63(19.8%) 255(80.2%) 1.04 (0.71,1.51) 0.48(0.11,2.14) > 0.3

Multigravida 74(19.2%) 311(80.8%) 1 1

Grandgravida 24(28.2%) 61(71.8%) 1.65(0.97,2.83) * 1.12(0.31, 3.98)

Parity Primipara 66(20.8%) 252(79.2%) 1.20(0.82, 1.75) 0.93(0.54, 1.60) > 0.2

Multipara 69(17.9%) 316(82.1%) 1 1

Grandpara 26(30.6%) 59(69.4%) 2.02 (1.19,3.43) 1.87(0.60, 5.84)

ANC follow up No 7(50%) 7(50%) 4.03(1.39,11.65) 1.96(0.49, 7.78) 0.4

Yes 154(19.9%) 620(80.1%) 1 1

Bad obstetric 
history

Yes 48(36.9%) 82(63.1%) 2.82(1.82, 4.25) 1.48(0.81, 2.72) 0.2

No 113(17.2%) 545(82.8%) 1 1

Iron folate 
supplement

No 37(27.2%) 99(72.8%) 1.59(1.04, 2.44) 0.67(0.34, 1.30) 0.23

Yes 124(19%) 528(81%) 1 1

Complication dur-
ing Pregnancy

Yes 77(40.5%) 113(69.5%) 4.17(2.88, 6.04) 0.98(0.55, 1.74) 0.95

No 84(14%) 514(86%) 1 1

Male involvement No 39(39%) 61(61%) 2.96(1.90, 4.64) 2.23 (1.23, 4.10) 0.009

Yes 122(17.7%) 566(82.3%) 1 1

Maternal Hgb <= 10 mg/dl 14(53.8%) 12(46.2%) 4.88(2.21, 10.77) 0.70(0.20, 2.46) 0.58

>=11 mg/dl 147(19.3%) 615(80.7%) 1 1

Gestational age Preterm 18(75%) 6(25%) 14.07(5.48,36.16) 9.83(8.74, 76.37) < 0.001

Term 126(17.6%) 591(82.4%) 1 1

Post term 17(36.2%) 30(63.8%) 2.66(1.42, 4.97) 2.43(1.23, 6.14) 0.014

MSAF Yes 76(42%) 105(58%) 4.45(3.06, 6.46) 0.68(0.36, 1.25) 0.21

No 85(14%) 522(86%) 1 1

Mode of delivery Instrumental 61(56%) 48(44%) 12.39(7.76, 19.78) 8.60(4.63,15.90) < 0.001

CS 44(57.1%) 33(42.9%) 13.00(7.66, 22.05) 4.17(1.94, 8.95) < 0.001

SVD 56(9.3%) 546(90.7%) 1 1

Complications 
during labor and 
delivery

Yes 75(64.7%) 41(35.3%) 12.46(8.01, 19.41) 5.16 (2.89, 9.18) < 0.001

No 86(12.8%) 586(87.2%) 1 1

Note: * Significant at p ≤ 0.2 bivariate regression analysis in the variable having categories
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is a decline in the utero-placental blood supply in post-
term pregnancy [56].

The current study revealed a significant associa-
tion between adverse neonatal outcomes and mode of 
delivery (operative deliveries). Accordingly, the odds of 
developing adverse neonatal outcomes were nearly nine 
fold higher among participants who gave birth through 
instrumental delivery compared to those who gave birth 
through SVD. Likewise, participants who gave birth 
through CS were about four times more likely to expe-
rience adverse neonatal outcomes compared to those 
who gave birth through SVD. This association is similar 
to a study conducted in Sekota [49]. The reason for these 
associations might be related to the fact that operative 
deliveries were conducted, in particular, due to complica-
tions of the fetus or/and the mother [9].

The likelihood of adverse neonatal outcomes was about 
five times higher among participants who developed 
labor-delivery complications compared to their counter-
parts. This finding is comparable to a study conducted in 
Sweden [54]. This significant association could be due to 
the effects of both the labor process and the iatrogenic 
management of labor complications [54].

Limitations
The current study’s utilization of a large sample size, 
which ensures its external validity, is strength. How-
ever, the study’s shortcoming is that it is cross-sectional 
in nature. The possible adverse neonatal outcomes 
that could occur after 24 h of birth were not taken into 
account in this study. Hence, this might underestimate 
the proportion of adverse neonatal outcomes.

Conclusion
In the study area, one in five newborns develops adverse 
neonatal outcomes within 24 h of birth. The adverse neo-
natal outcomes among women who gave birth through 
induced labor were significantly higher compared to 
those of women who gave birth through spontaneous 
labor. In addition, immediate newborn death and fetal 
death during labor, NICU admission, the need for resus-
citation, the first minute and fifth minute Apgar scores 
less than 7, and neonatal jaundice more frequently 
occurred among women who gave birth through induced 
labor than in women who gave birth through spontane-
ous labor. Being uneducated, non-involvement of the 
male partners, the presence of chronic disease, preterm 
and post-term delivery, complications during labor, and 
operative delivery (instrumental and CS) were found 
to be significant factors enhancing adverse neonatal 
outcomes.

Implication for practice
Any iatrogenic intervention in labor has its own unfa-
vorable effects on the mother and the newborn in com-
parison to a natural termination. One of the iatrogenic 
obstetric methods is labor induction. We found that, 
compared to spontaneous labor, induced labor had a 
considerably higher proportion of unfavorable newborn 
outcomes.

In addition, the study identified the factors determining 
adverse neonatal outcomes. The labor-management and 
newborn care teams must therefore anticipate potentially 
adverse neonatal outcomes with caution and be alertly 
prepared to handle them if induction of labor is indicated 
and inevitable. In order to prevent adverse consequences 
early on, it is also essential to spot risky cases during both 
the prenatal and intrapartum periods.

Abbreviations
ANC  Antenatal Care
APGAR  Appearance, Pulse Rate, Grimace, Activity & Respiratory Rate
CS  Cesarean Section
IOL  Induction of Labor
IUFD  Intrauterine Fetal Death
MUAC  Mid Upper Arm circumference
NICU  Neonatal Intensive Care Unit
NRFHRP  Non-Reassuring Fetal Heart Rate Pattern
US  United States

Acknowledgements
We would like to send our deepest and sincerest gratitude to Bahr Dar 
University College of Medicine and the Health Science ethical review 
committee for providing an ethical clearance letter for this study. We also 
give special thanks to the Amhara Regional State Public Health Institute 
for providing us with all the necessary information regarding the study. 
Likewise, we thank each hospital’s obstetrics and gynecology department 
heads for their cooperation and assistance throughout the data collection 
period. In particular, we would not pass without acknowledging all study 
participants, data collectors, and supervisors for their time and commitment 
to participating.

Authors’ contribution
ML: conceptualization, designing, methodology, project administration, 
resource, data curation, data analysis, thesis and draft writing.AA: supervision, 
validation, and resource support.FW: supervision and validation. MA: 
supervision and resource support.FB: supervision and resource support.WG: 
supervision, validation, data curation, writing up manuscript.TG: supervision, 
validation,  and resource support. All authors read and approved the final 
manuscript.

Funding
The authors received no financial support for this study from any individual or 
institution.

Data Availability
The data and materials used in this study are available from the corresponding 
authors upon reasonable request.

Competing interests
The authors declare no competing interests.

Ethical consideration
An ethical clearance letter was obtained from the Institutional Review Board 
of Bahir Dar University, College of Medicine and Health Sciences. A letter 
of cooperation was submitted to each hospital office of the obstetrics and 
gynecology department units. Based on the 1964 Helsinki Declaration, after 
a detailed explanation of the study’s risks and benefits, written informed 



Page 13 of 14Laikemariam et al. BMC Pregnancy and Childbirth          (2023) 23:307 

consent was obtained from each participant. The consent was taken from 
parents or companions for those participants under the age of 18 (not 
autonomous). Those uneducated participants put their fingerprints down 
in the consent document after the data collector orally present consent 
materials using a consent document as a guide for the verbal explanation of 
the study and allow sufficient time for questions to be asked and answered 
both by the subject and by the person obtaining consent to ensure the 
participants comprehends the consent information with impartial third party 
witness about the consent process and sign the consent document.
Furthermore, the collected data were kept private and secured, with only the 
principal investigators having access.

Consent for publication
Not applicable. Since we didn`t used any private files of individuals.

Supporting information
All the information used in this study is included in the manuscript.

Competing of interest
The authors declared no potential conflict of interest regarding the research, 
authorship, funding, or publication.

Author details
1Department of Midwifery, College of Health Science, Debre Markos 
University, Debre Markos, Ethiopia
2Department of Midwifery, School of Health Sciences, College of 
Medicine and Health Science, Bahr Dar University, Bahr Dar, Ethiopia
3Department of Nursing, College of Health Science, Mettu University, 
Mettu, Ethiopia

Received: 5 November 2022 / Accepted: 21 April 2023

References
1. Smfm A, Care O, ACOG / SMFM Consensus Safe prevention of the primary. 

YMOB. 2014;210(3):179–93. Available from: https://doi.org/10.1016/j.
ajog.2014.01.026.

2. On R, Federal O, Republic D, January H. M p s o t. 2010.
3. WHO, Department of Making Pregnancy. Safer W technical consultation – 

held in, Switzerland on 13–14 A 2010. recommendations for Induction of 
labour. 2010;1–2.

4. Management protocol on. selected obstetrics topics for hospitals. 
2020;(December).

5. Objectives L, Fourth Edition of The ALARM International Program. Induction 
of Labour; Chapter 20:1–10.

6. Vierhout ME, Out JJ, Wallenburg HCS. Elective induction of labor: a prospec-
tive clinical study, !: Obstetric and neonatal effects. 1985;13.

7. Survey H. Ethiopia. 2016.
8. Middleton P, Shepherd E, Crowther CA. Induction of labour for improving 

birth outcomes for women at or beyond term. Cochrane database Syst Rev. 
2018;5(5):CD004945–CD004945. Available from: https://pubmed.ncbi.nlm.
nih.gov/29741208.

9. Grivell RM, Reilly AJ, Oakey H, Chan A, Dodd JM. Maternal and neonatal 
outcomes following induction of labor: a cohort study. Acta Obstet Gynecol 
Scand. 2012;91(2):198–203.

10. Sotiriadis A, Petousis S, Thilaganathan B, Figueras F, Martins WP. Maternal and 
perinatal outcomes after elective induction of labor at 39 weeks in uncompli-
cated singleton pregnancy: a meta-analysis. 2019;(October 2018):26–35.

11. Duffy A, Ford I. Outcomes of elective induction of labour compared with 
expectant management: population based study. 2012;2838:1–13.

12. Isah AD, Adewole N, Agida ET, Omonua KI, Wong JYY, Gold EB, et al. Fibroid 
uterus: a Case Study. Am Fam Physician. 2017;08(4):725–36.

13. Adhena T, Haftu A, Gebreegziabher B. Assessment of Magnitude and Associ-
ated Factors of Adverse Birth Outcomes among Deliveries at Suhul Hospital 
Shire, Tigray, Ethiopia From September, 2015 to February, 2016. 2017;1(7).

14. Gebremeskel F. Determinants of Adverse Birth Outcome among Mothers 
who Gave Birth at Hospitals in Gamo Gofa Zone, Southern Ethiopia :A Facility 
Based Case Control Study. 2017;(October).

15. Tsegaye B, Kassa A. Prevalence of adverse birth outcome and associated 
factors among women who delivered in Hawassa town governmental health 
institutions, south Ethiopia, in 2017. 2018;1–10.

16. Vinod V, Bs MB, Obg DNB, Bhat RG, Bs MB, Bhat PV et al. Induction of labour 
– a misused blessing: Prospective study of factors influencing the success 
of induction and comparison of fetomaternal outcomes with spontaneous 
labour. 2020;26(3):84–8.

17. Grivell RM, Reilly AJ, Oakey H, Chan A, Dodd JM. Maternal and neonatal 
outcomes following induction of labor: a cohort study. Acta Obstet Gynecol 
Scand. 2012;91(2):198–203.

18. Debele TZ, Cherkos EA, Badi MB, Anteneh KT, Demssie FW, Abdo AA, et al. 
Factors and outcomes associated with the induction of labor in referral hos-
pitals of Amhara regional state, Ethiopia: a multicenter study. BMC Pregnancy 
Childbirth. 2021;21(1):1–8.

19. Saleem S, Tikmani SS, Mcclure EM, Moore JL, Azam SI, Dhaded SM et al. 
Trends and determinants of stillbirth in developing countries: results from 
the Global Network ’ s Population-Based Birth Registry. 2018;15(Suppl 1).

20. Cantarutti A, Franchi M, Compagnoni MM, Merlino L, Corrao G. Mother ’ s 
education and the risk of several neonatal outcomes: an evidence from an 
Italian population-based study. 2017;1–10.

21. Kebede AS, Muche AA, Alene AG. Factors associated with adverse preg-
nancy outcome in Debre Tabor town, Northwest Ethiopia : a case control 
study. BMC Res Notes. 2018;1–6. Available from: https://doi.org/10.1186/
s13104-018-3932-2.

22. Id KKF, Rosario Z, Mcelrath TF, Ve C. Demographic risk factors for adverse birth 
outcomes in Puerto Rico in the PROTECT cohort. 2019.

23. Kassahun EA, Mitku HD, Getu MA. Adverse birth outcomes and its associ-
ated factors among women who delivered in North Wollo zone, northeast 
Ethiopia : a facility based cross – sectional study. BMC Res Notes. 2019;1–6. 
Available from: https://doi.org/10.1186/s13104-019-4387-9.

24. Adane A. adverse birth outcomes among deliveries in Gondar university 
hospital, 14:90 http://www.biomedcentral.com/1471-2393/14/90. 2014;1–8.

25. Fy T. Attended Maternity Ward at Negest Elene Mohammed Memorial Gen-
eral Prevalence and associated Factors of Adverse Birth Outcomes among 
Women Attended Maternity Ward at Negest Elene Mohammed Memorial 
General Hospital in Hosanna Town, SNNPR, Ethiopia J. 2019;(January 2016).

26. Ma LH, Alexander M, You D, Alkema L, Group UNI, Estimation M. Articles 
National, regional, and global levels and trends in neonatal mortality 
between 1990 and 2017, with scenario-based projections to 2030 : a system-
atic analysis. Lancet Glob Heal. 2019;7(6):e710–20. Available from: https://doi.
org/10.1016/S2214-109X(19)30163-9.

27. Ababa A. Federal Democratic Republic of Ethiopia central statistical agency 
population projection of Ethiopia for all regions at Wereda level from 
2014–2017. Addis Ababa Cent Stat Agency. 2014.

28. Boulvain M, Marcoux S, Bureau M, Fortier M, Fraser W. Elective induction of 
labour: complicating the uncomplicated? 2001;(May).

29. Bmedsc SR, Bs MB, Frcog BP, Doddi J, Bs MB, Queen T et al. Outcomes of 
Induced Labur. 1995;16–9.

30. Kheir A, Ali R, COMPARISON OF NEONATAL OUTCOME ASSOCIATED WITH 
INDUCED LABOUR VERSUS PLANNED VAGINAL, DELIVERY IN A LOW-RISK 
OBSTETRIC COMPARISON OF NEONATAL OUTCOME ASSOCIATED WITH 
INDUCED LABOUR VERSUS PLANNED VAGINAL. DELIVERY IN A LOW-RISK 
OBSTETRIC POPULATION. 2016;(January).

31. Kumari G, Poonia K, Rani D. Prospective study to assess the fetal and maternal 
outcome in cases of low risk primigravida in induced versus spontaneous 
onset of labour. 2018;2(3):68–72.

32. Cammu H, Martens G, Ruyssinck G, Amy J-J. Outcome after elective labor 
induction in nulliparous women: a matched cohort study. Am J Obstet 
Gynecol. 2002 Feb;186(2):2404.

33. Cherie N, Mebratu A. Adverse birth out comes and associated factors among 
delivered mothers in dessie referral hospital. North East Ethiop. 2018;1–6.

34. Stringer EM, Vwalika B, Killam WP, Giganti MJ, Mbewe R, Chi BH, et al. Determi-
nants of stillbirth in Zambia. Obstet Gynecol. 2011;117(5):1151–9.

35. Getiye Y, Fantahun M. Factors associated with perinatal mortality among pub-
lic health deliveries in Addis Ababa, Ethiopia, an unmatched case. 2017;1–7.

36. Singh G, Sidhu K. Bad obstetric history: a prospective study. Med J Armed 
Forces India. 2010;66(2):117–20.

37. Getaneh T, Asres A, Hiyaru T, Lake S. Adverse perinatal outcomes and its asso-
ciated factors among adult and advanced maternal age pregnancy in North-
west Ethiopia. Sci Rep. 2021;1–12. Available from: https://doi.org/10.1038/
s41598-021-93613-x.

http://dx.doi.org/10.1016/j.ajog.2014.01.026
http://dx.doi.org/10.1016/j.ajog.2014.01.026
https://pubmed.ncbi.nlm.nih.gov/29741208
https://pubmed.ncbi.nlm.nih.gov/29741208
http://dx.doi.org/10.1186/s13104-018-3932-2
http://dx.doi.org/10.1186/s13104-018-3932-2
http://dx.doi.org/10.1186/s13104-019-4387-9
http://www.biomedcentral.com/1471-2393/14/90
http://dx.doi.org/10.1016/S2214-109X(19)30163-9
http://dx.doi.org/10.1016/S2214-109X(19)30163-9
http://dx.doi.org/10.1038/s41598-021-93613-x
http://dx.doi.org/10.1038/s41598-021-93613-x


Page 14 of 14Laikemariam et al. BMC Pregnancy and Childbirth          (2023) 23:307 

38. Lueth GD, Kebede A, Medhanyie AA. Prevalence, outcomes and associated 
factors of labor induction among women delivered at public hospitals of 
MEKELLE town-(a hospital based cross sectional study). BMC Pregnancy 
Childbirth. 2020;20(1):1–10.

39. Setting P, Lawani OL, Onyebuchi AK, Iyoke CA, Okafo CN, Ajah LO. Obstetric 
Outcome and Significance of Labour Induction in a Health Resource Poor 
Setting. 2014;(January).

40. Tarimo CS. Prevalence, associated factors, and outcomes for labor induction 
at a tertiary hospital in Northern Tanzania : A retrospective cohort study 
2000–2015. 2020;1–15.

41. Glantz JC, Apr. 2005: Elective Induction vs. Spontaneous Labor. 2014;(April 
2005).

42. Prysak M, Castronova FC. Elective Induction Versus Spontaneous Labor: A 
Case-Control Analysis of Safety and Efficacy. 1998;92(1):47–52.

43. Granese R, Calagna G, Sollano A, Mondello S, Sicilia A, Grasso R, et al. Data 
comparison between pharmacological induction of labour and spontaneous 
delivery. A single centre experience. 2016;87(10):697–700.

44. Caughey AB, Sundaram V, Kaimal AJ, Gienger A. Annals of Internal Medicine 
systematic review. Elective Induction of Labor Versus Expectant Management 
of Pregnancy; 2009.

45. Espada-Trespalacios X, Ojeda F, Perez-Botella M, Villarroel RM, Martinez MB, 
Soler HF et al. Oxytocin administration in low-risk women, a retrospective 
analysis of birth and neonatal outcomes. Int J Environ Res Public Health. 
2021;18(8).

46. Obeidat RA, Almaaitah M, Sadon A, Ben, Istaiti D, Rawashdeh H, Hamadneh 
S et al. Clinical predictive factors for vaginal delivery following induction 
of labour among pregnant women in Jordan. BMC Pregnancy Childbirth. 
2021;1–10. Available from: https://doi.org/10.1186/s12884-021-04151-3.

47. Luo Z, Wilkins R, Kramer MS, Health I, Group S. R esearch on birth outcomes: a 
population-based study. 2006;174(10):1415–21.

48. Epidemiology C, Christian H, Children A. Prevalence of maternal chronic dis-
eases during pregnancy – a nationwide population based study from 1989 to 
2013. 2016.

49. Town S, Seyoum E, Bekele A, Tsegaye AT, Birhanu S. Magnitude and determi-
nants of adverse perinatal outcomes in Tefera. Hailu Memorial Hospital; 2021.

50. Forbes F, Wynter K, Zeleke BM, Fisher J. Male partner involvement in birth 
preparedness, complication readiness and obstetric emergencies in Sub-
Saharan Africa : a scoping review. 2021;1–20.

51. Mangeni JN, Mwangi A, Mbugua S, Mukthar VK, MALE, INVOLVEMENT IN 
MATERNAL HEALTHCARE AS A DETERMINANT OF UTILISATION OF SKILLED 
BIRTH ATTENDANTS IN KENYA. 2012;89(11):372–83.

52. Alice M, Daniele S, Alice M, Daniele S. Male partner participation in maternity 
care and social support for childbearing women: a discussion paper. 2021.

53. Linder N, Hiersch L, Fridman E, Lubin D, Kouadio F, Berkowicz N et al. The 
effect of gestational age on neonatal outcome in low-risk singleton term 
deliveries. 2014;7058:1–6.

54. Sandström A, Altman M, Cnattingius S, Johansson S, Ahlberg M, Stephansson 
O. Durations of second stage of labor and pushing, and adverse neonatal 
outcomes : a population-based cohort study. 2017;(December 2016):236–42.

55. Ababa A. Post term pregnancy at teaching hospitals in Addis Ababa, Ethiopia 
POST TERM PREGNANCY AT TEACHING HOSPITALS IN. 2021;(November 2006).

56. Linder N, Hiersch L, Fridman E, Klinger G, Lubin D, Kouadio F et al. Post-term 
pregnancy is an independent risk factor for neonatal morbidity even in low-
risk singleton pregnancies. 2015;8–13.

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

http://dx.doi.org/10.1186/s12884-021-04151-3

	Adverse neonatal outcomes and associated factors among mothers who gave birth through induced and spontaneous labor in public hospitals of Awi zone, Northwest Ethiopia: a comparative cross-sectional study
	Abstract
	Introduction
	Method and materials
	Study design, study period, and study setting
	Population
	Eligibility criteria
	Sample size determination
	Sampling procedure
	Study variables
	Operational and term definitions
	Data collection tools and technique
	Data quality assurance
	Data processing and analysis

	Results
	Socio-demographic characteristics of participants
	Behavioral and pre-existing medical problems
	Obstetric characteristics
	Newborn characteristics


	Adverse neonatal outcomes
	Factors associated with adverse neonatal outcomes
	Discussion
	Limitations
	Conclusion
	Implication for practice

	References


