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Background: Neonatal mortality includes all deaths of neonate occurring before the 28th day 
of life. Neonatal mortality has been declining over two decades in Sub-Saharan Africa, including 
Ethiopia. The foremost causes of death are preventable and treatable. Regardless, recognizing the 
predictors may be a crucial step in lowering neonatal mortality. However, evidences on the 
survival status of neonates and/or neonatal death predictors were limited in Ethiopia, particularly 
in the study area. Thus, this study aimed to answer these questions.
Methods: An institution-based retrospective cohort study was done among 380 Neonates 
admitted to the Neonatal Intensive Care Unit at Bombe Primary Hospital from January 1, 
2018, to December 31, 2019. Bivariable and multivariable Cox regression analyses were 
conducted to identify predictors of mortality. Association was summarized using adjusted hazard 
ratio (AHR), and statistical significances were declared at 95% CI and P-value <0.05. 
Proportionality assumption was tested by a global test based on Schoenfeld residuals analysis.
Results: The overall incidence of neonatal mortality was 20.8 (95% CI: 15.2, 28.5) per 1000 
neonatal days. Late initiation of early breastfeeding (EBF) after 1 hr. [AHR: 2.9; 95% CI: 
1.32, 6.37], 5th min APGAR score <5 [AHR: 3; 95% CI: 1.32; 6.88], low birth weight 
[AHR: 2.59; 95% CI: 1.1,6.26], hypothermia [AHR: 2.6; 95% CI: 1.1, 6.22] and mothers’ 
time of rupture of membrane >12 hours before delivery [AHR: 2.49; 95% CI: 1.25, 4.97] 
were increased the risk of neonatal mortality, while cesarean section delivery 91.6% [AHR= 
0.084; 95% CI: 0.10, 0.65] and antenatal care (ANC) utilization 61% [AHR: 0.39; 95% CI: 
0.15–0.91] decreased the risk of neonatal mortality.
Conclusion: The incidence of neonatal mortality rate was high at the Bombe primary 
hospital. Therefore, to improve neonatal survival, it is recommended that complications 
and low birth weight be managed, that early exclusive breastfeeding be initiated, that service 
quality be improved, and that a continuum of care be ensured.
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Background
The neonatal period refers to the first 28 days of life, which are the most critical for 
a child’s survival.1,2 Globally, 2.4 million children died in the first month of life in 
2019. Among the approximated 6700 per day neonatal deaths, about 33% die 
within the first day of birth, close to 75% die within the first week of life.1,2

Low- and middle-income countries contribute most of the neonatal deaths, about 80% 
of neonatal deaths occurred in South Asia and sub-Saharan Africa.3 Five sub-Saharan 
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African countries (Ethiopia, Nigeria, DR Congo, Uganda and 
Tanzania) account for about 50% of neonatal mortality.4 

Ethiopia is one of the ten countries that account for nearly 
66% of global neonatal deaths, as well as one of the six 
countries that account for half of all deaths among children 
under the age of five.5 The neonatal mortality rate was 30 per 
1000 live births, according to the Ethiopian Demographic 
Health Survey (EDHS (2019)). Neonatal deaths account for 
more than 50% of all deaths among Ethiopian children under 
the age of five.6

A child in Sub Saharan Africa or in southern Asia is 
nine times more likely to die in the first month than a child 
in a high-income country. At the country level, half of all 
neonatal deaths are concentrated in five countries, namely, 
India (24%), Pakistan (10%), Nigeria (9%), Democratic 
republic of Congo (4%) and Ethiopia (3%). Among the 
sustainable development Goal (SDG) Regions, neonatal 
mortality was highest in sub-Saharan Africa (38%) and 
southern Asia (39%), each reported 28 deaths per 1000 
live births (WHO UNICEF World Bank group, 2017).

According to estimates by WHO and the Maternal and 
Child Epidemiology Estimation group in 2017, of all neo-
natal deaths were attributed to (35%) preterm birth, 24% 
intra-partum events (such as birth asphyxia), 14% sepsis or 
meningitis and 11% congenital anomalies.7 Almost half of 
the under-five deaths can be prevented by reaching high 
coverage of quality antenatal care, skilled care at birth, 
postnatal care for mother and baby, and care of small and 
sick newborns.5

There are profound global initiatives either to end or 
reduce newborn deaths. The sustainable development goals 
(SDGs) are one of the continued agenda of the MDGs, the 
SDG 3 target 3.2 aims at reducing neonatal mortality to 
12 per 1000 live births by the year 2030.8 Every Newborn 
Action Plan (ENAP) has the initiative to end preventable 
stillbirth and newborn death.9 However, achieving this aim 
will necessitate increased efforts, especially in the high- 
burden regions of South Asia and Sub-Saharan Africa, to 
enable continued improvements in child survival.10

The global neonatal death rate fell by more than half 
from 36.6 deaths per 1000 live births in 1990 to 17 per 
1000 live births in 2019,2 that accounts for 47% all under- 
five deaths.11 In addition, major progress has been made in 
reducing infant deaths in Sub-Saharan Africa, which has 
the world’s highest under-five mortality rate.10

Ethiopia is in a similar situation. It has made significant 
progress in lowering the mortality rate for children under 
the age of five. According to the UN Inter-agency Group 

for Child Mortality Estimation (UN-IGME) report from 
2019, Ethiopia was one of eight high-mortality countries 
where under-five mortality decreased by two-thirds, 
achieving MDG4 three years ahead of schedule.5

The causes of neonatal mortality are not well known in 
Ethiopia mainly at institutional level, but there are few 
studies that come up with causes such as sepsis, asphyxia, 
preterm birth, congenital malformations.12,13 It is possible 
to avoid by identifying risk factors, with a special focus on 
improving newborn child care. Neonatal intensive care 
units (NICUs) are one of the most powerful tools for 
reducing newborn mortality in this region.14 The 
Ethiopian government has used a combination of health, 
nutrition, and non-health activities to minimize neonatal 
mortality, but the rate remains high.15

There have been few previous studies in Ethiopia on 
neonatal survival and/or neonatal death predictors, and 
most of the studies have focused on preterm babies. 
Furthermore, in the research field, information on neonatal 
survival and/or neonatal death predictors is not well stu-
died and reported Boloso Bombe Woreda, Bombe Primary 
Hospital. Therefore, to gain accelerated reduction in neo-
natal mortality in Ethiopia, determining the survival of 
neonates and identifying the predictors of their mortality 
in the local context is very crucial and currently issued.

Methods
Study Design and Period
An institution-based retrospective cohort study was under-
taken to identify the survival and predictors of mortality 
among Neonates admitted to the NICU at Bombe Primary 
Hospital from August 15–30, 2020.

Study Area and Population
This study was conducted at the Bombe Primary Hospital, 
Bombe woreda, Wolaita zone, Southern Ethiopia. In this 
study, the source population was all neonates at NICU at 
Bombe Hospital. The study population was all neonates’ 
admission record at the NICU at Bombe Hospital admitted 
from January 1, 2018- December 31, 2019. All neonates’ 
admission records at the NICU at Bombe Hospital during 
the study period were included in the study; whereas 
neonates’ admission records with incomplete information, 
revisits, and any neonates’ records with withdrawal from 
a treatment or history of self-discharge were excluded 
from the study.
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Sample Size and Sampling Procedure
The sample size was calculated using the double popula-
tion formula by Epi info considering the following 
assumptions: Z (1-α⁄2) at 95% CI: 1.96; 80% power; 1:1 
ratio of unexposed to exposed; anticipated proportion of 
mortality rate among neonates who did not initiate early 
breastfeeding EBF (p1, Exposed) = 30%; neonates who 
initiated EBF (p2, unexposed) = 16.6%; adjusted hazard 
ratio (AHR) =1.816 and adding for 10% incompleteness. 
Hence, the final sample size was obtained to be 374. But, 
all 380 newborns admitted at the NICU at Bombe primary 
hospital from January 1, 2018 to December 31, 2019 were 
included in the study.

Data Collection Procedures
The data were collected on a data collection checklist by 
reviewing the neonates’ admission records starting from 
August 15–30, 2020.

Statistical Analysis
After data collection, each questionnaire was checked for 
completeness and consistency by the principal investigator 
and supervisor. Data were cleaned, edited, coded and 
entered into Epi-info version 7 and then exported to 
STATA version 14 for Windows, then Exploratory data 
analysis was carried out to check the levels of missing 
values, presence of influential outliers, multi-colinearity, 
normality and proportionality of hazards over time.

Cox regression model for its fitness to the data and its 
adequacy was checked by graphing residual plots like the 
Cox-Snell residual. Bi-variable analysis was done to iden-
tify associations between dependent and independent vari-
ables. Crude hazard ratio and adjusted hazard ratio, 95% 
CI and p-value were used to assess the strength of associa-
tion and statistical significance.

Kaplan-Meier survival curve together with the log rank 
test was fitted to test the survival time of the neonates. To 
classify independent predictors of mortality, variables sig-
nificant at p or equal to 0.25 levels in the Bivariable 
analysis, biological plausibility, and previous studies 
were considered and included in the final Cox-regression 
analysis. The backward stepwise regression method was 
applied to get a list of best predictors and any statistical 
test is considered significant at p-value < 0.05. Covariates 
were checked for interaction effect. The data were pre-
sented with text, tables and figures.

Ethical Approval
Ethical approval was obtained from Haramaya University 
College of Health and Medical Sciences' Institutional Health 
Research Ethics Review Committee (IHRERC). Letters of 
permission and support were provided to the Zonal Health 
Department and head of the hospital. Prior to starting data 
collection, the objectives of the study were clearly explained 
for head of the hospital. Then, informed, voluntary, written 
and signed consent was also obtained from the head of the 
hospital in accordance with Declaration of Helsinki. 
Moreover, the IHRERC of the Haramaya University has 
not required the patient parental consent to review their 
medical records since it is retrospective nature of the study. 
Information obtained from patient medical record was kept 
confidential and used only for this particular study.

Results
Response Rate and Neonatal 
Characteristics
Out of 380 reviewed records, 367(96.5%) were included in 
the data analysis. More than half, 205 (55.8%) of the neonate 
enrolled in the study were male. The sex ratio was 1 female 
to 1.3 males. The median age of the neonates was 5 days 
(Inter Quartile Range (IQR): 1–9 days)). Nearly three-fourth, 
264 (71.9%) of the neonates had a normal birth weight 
(2500–4000g). The median and IQR of birth weight and 
gestational age were 3300g (IQR=2800g–3600g) and 38 
weeks(37weeks–39weeks), respectively. Of the total, 268 
(67.6%) neonates had started breastfeeding within 1hour 
and 42 (11.3%) neonates were large for gestational age. One- 
thirds of neonates, 113 (30.8%) were hypothermic upon 
admission, and 71 (19.3%) suffered from birth asphyxia at 
5 min. (based on the 5 min. APGAR score) (Table 1).

Maternal and Obstetric Characteristics
The maternal age ranged from 16–43 years with a mean age 
of 29 ± 6.1 years. Among 367 neonates included in the 
study, 340 (92.6%) born from mothers who had antenatal 
care (ANC) follow-up and, of them, 143 (43.2%), had four 
or above ANC visits. Three hundred seven (83.6%) neonates 
were delivered from multiparous mothers and 324 (88.3%) 
neonates were full-term at birth. Three hundred forty-two 
(93.2%) were singleton. Nearly, nine from ten, 317 (86.4%) 
of mothers were delivered through spontaneous vaginal 
delivery. Of them, the maximum duration of labor was 22 
hours and the minimum duration was 1 hour with a median 
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of 12 (IQR=9–13). Near to three from ten 103 (28%) had 
a complication of prolonged labor (Table 2).

Causes of Neonatal Admission and 
Mortality
The leading causes of neonatal admission were neonatal 
sepsis 179 (48.77%), followed by respiratory distress 68 
(18.53%), birth asphyxia 41 (11.17%) and preterm 38 
(10.8%). The most common causes of neonatal mortality 
were complications of preterm 12 (30.7%), followed by 
birth asphyxia 11 (28.2%) and neonatal infection 7 
(17.9%) (Figure 1)

Survival Analysis and Outcome of the 
Follow-Up
A total of 367 neonates was followed for different periods: 
a minimum of 1 day and maximum of 19 days with 
a median follow-up period of 5 days. The total time at 
risk for 367 neonates was 1867 neonatal days. During 

follow-up, 39 (10.6% [95% CI: 7.8, 14.2]) neonates had 
died, 320 (87.2% [95% CI: 83.3, 90.2] had got cured and 
discharged and 8(2.18) had referred to other hospitals. The 
overall incidence of neonatal mortality was 20.8 (95% CI: 
15.2, 28.5) per 1000 neonatal days. From all deaths, about 
25% of the neonates died in the first 24 hours and almost 
95% of the neonatal deaths occurred in the first 1 week of 
life. The cumulative proportion of survival at the end of 
the first, seventh and 14th days was 97.2%, 83.6% and 
67%, respectively, with the difference between categories 
of variables, whereas the overall mean survival time was 
15.60 (95% CI =13.7,17.5) (Figure 2).

Table 1 Neonatal Characteristics of Neonates Admitted in 
NICU at Bombe Primary Hospital, Wolaita Zone, Southern 
Ethiopia, 2020

Variables Category Frequency 
(n)

Percent 
(%)

Age of neonates ≤ 1 days 185 50.41
2–4 days 112 30.52

≥ 5 days 70 19.07

Sex of neonates Male 205 55.86
Female 162 44.14

Gestational Age < 37 
weeks

43 11.72

≥37 weeks 324 88.28

Birth type Singleton 342 93.19
Twin 25 6.81

APGAR at 5th minutes ≤5 71 19.35
>5 296 80.65

Weight of neonate at 

admission

< 2500 61 16.62
≥2500 306 83.38

Temperature of neonate 

at admission

< 36.5 113 30.79
36.5–37.5 193 52.59

> 37.5 61 16.62

Initiation EBF Within 

1hr

248 67.57

After 1 hr 119 32.43

Table 2 Maternal and Obstetric Characteristics of Mothers 
Whose Neonates Were Admitted to the NICU of Bombe 
Primary Hospital, Southern Ethiopia,2020

Variables Category Frequency 
(n)

Percent 
(%)

Maternal age <20 years 29 7.9
20–34 years 261 71.12

≥ 35 years 77 20.98

Antenatal utilization Yes 340 92.64
No 27 7.36

ANC visit 1visit 16 4.71
2 visits 32 9.41

3 visits 145 42.65

>4 visits 147 43.24

Number of children I 60 16.35
II–IV 223 60.76

≥V 84 22.89

Gravidity Primi-gravida 58 15.8
Two 

pregnancy

48 13.08

≥Three 

pregnancy

261 71.12

Mode of delivery SVD 307 83.65
Instrumental 16 4.36
Cesarean 

section

44 11.99

Onset of labor Spontaneous 317 86.38
Induced 50 13.62

Time of rupture of 

membrane

<12 hrs. 279 76.02
>12 hrs. 88 23.98

Duration labor <4 hrs. 12 3.27
4–12 hrs. 252 68.66
>12hrs 103 28.07
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Estimate of Mean Survival Time
The findings of the log rank test revealed that the survival 
trend or period to neonatal mortality has substantially 
differed across the categories of neonatal mortality: GA 
(Log rank test,χ2 43), low 5th minute APGAR (Log rank 
test, χ2 54.76), ANC (Log rank test, χ2 25.62), lower birth 
weight (Log rank test, χ2 64.24) and Initiation of EBF 
(Log rank test χ2 =27.38) (Figure 3).

Predictors of Neonatal Mortality
Bivariate Cox regression analysis showed that; low birth 
weight, low 5th APGAR score, preterm birth, sex, ANC 
visit, hypothermia, initiation EBF, time of rupture of mem-
branes and mode of delivery were found to be a significant 

predictor of death at a p-value < 0.25. However, in the 
final multivariate Cox-Proportional Hazard model; low 
birth weight, low 5thAPGAR score, ANC visit, hypother-
mia, initiation EBF, time of rupture of membranes, and 
mode of delivery were found to be independent predictors 
of death (Table 3). The overall Schoenfeld global test of 
the full model was checked for Proportional Hazard (PH) 
assumption and it was met (p-value= 0.7806). All covari-
ates are met the proportional-hazard assumption (Table 3).

The risk of death among newborns with a low 5 min. 
APGAR score was three times higher hazard to die 
compared with 5 min. APGAR score of greater than 
five. The hazard of death among neonates born to 
mothers who had received ANC was 61% lower risk of 

30.7

28.2

18.9

7.7

15.4
Complication of preterm

Birth asphyxia

Neonatal infection

Me conium aspiration

Respiratory distress

Figure 1 The percentages of causes of neonatal admission and mortality.
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Figure 2 Survival analysis and outcome of the follow-up.

Pediatric Health, Medicine and Therapeutics 2021:12                                                                         https://doi.org/10.2147/PHMT.S303158                                                                                                                                                                                                                       

DovePress                                                                                                                         
243

Dovepress                                                                                                                                                         Berhanu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


death compared with those neonates born to mothers 
who had not received ANC. The risk of death of neo-
nates for whom breastfeeding was not initiated within 1 
hr. of birth was three times higher risk of death than 
neonates who start within hours. Low birth weight neo-
nates had 2.6 times higher hazard of death compared to 
neonates with normal birth weight. Besides, neonates 
who had hypothermic at admission had 2.6 times higher 
risk of death as compared with normo-thermic neonates. 
Neonates born by cesarean section had 91.6% lower risk 
of mortality as compared with spontaneous vaginal 
delivery. Moreover, neonates born from mothers whose 
rupture of the membrane was ruptured for more than 12 
hours of delivery have 2.5 times higher hazard of neo-
natal mortality than the counterparts whose mother’s 
membrane ruptured within 12 hours of delivery 
(Table 4).

Discussion
The most common causes of neonatal mortality were 
complications of preterm 12 (30.7%), followed by birth 
asphyxia 11 (28.2%) and neonatal infection 7 (18.9%). 
During follow-up, 39 (10.6%) neonates had died. The 
median follow-up period was 5 days. From all deaths, 
about 25% of the neonates died in the first 24 hrs. The 
cumulative proportion of survival at the end of the first, 
seventh and 14th days was 97.2%, 83.61% and 67%, 
respectively, with the difference between categories of 
variables. The overall mean survival time was 15.6.

The overall incidence rate of neonatal mortality was 
20.8 deaths per 1000 neonates which is lower than the 
reports of the study conducted by13,17,18 and (Gudayu et al, 

2020). However, higher than the results reported by.19–24 

This discrepancy might be attributed to differences in 
study design, period and area, socioeconomic status, sam-
ple size and follow-up time. Unlike the current research, 
several previous studies were community-based where 
low-risk neonates were also included in the denominator.

In this study, 25% of all neonatal deaths occurred 
within the first 24 hrs and the first 3 days hold (36%) of 
all deaths. Almost 95% of the neonatal deaths occurred in 
the first 1 week of life consistent with studies conducted at 
Gondar Comprehensive Specialized,25 and in Amhara 
region referral hospitals.18 Evidences indicate in Ethiopia 
that more than three-quarter of neonatal mortality occurred 
in the first six days of life13,20,26,27 which could be related 
to the conditions of labor, intra-partum and the immediate 
newborn care practices.

The current study finding revealed that the risk of death 
among newborns with a low 5th min. APGAR score were 
three times higher compared with 5th min. APGAR score 
of greater than five which is consistent with a study con-
ducted at Arba Minch general hospital16 and at Debre 
Markos Referral Hospital.17 A five-minute Apgar score 
less than seven was the only predictor of Neonatal 
Mortality in Cameroon.28 This could be because of neo-
nates who have 5th min APGAR score of less than or 
equal to 5 were severely asphyxiated and it could be also 
related to labor and pregnancy complications.

The risk of death was three times higher for neonates 
who did not start breastfeeding within one hour of birth 
than for their counterparts. This is consistent with findings 
from other Ethiopian studies.13,17,19 This may be due to the 
fact that breastfeeding lowers the risk of neonatal mortality 

Log rank test χ=27.38,p<0.001
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Figure 3 Estimate of mean survival time.
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Table 3 Bivariate Cox-Proportional Hazard Regression for Predictors of Neonatal Mortality Among Neonates Admitted to NICU of 
Bombe Primary Hospital, South Ethiopia, 2020

Variables Category Survival Status CHR 95% CI p-value

Censored (N, %) Died (N, %)

Maternal age <20 years 25(7.62) 4(10.26) 1.26(0.43, 3.64) 0.667
≥35 68(20.73) 9(23.1) 1.16(0.54, 2.49) 0.691

20–34 years 235(71.65) 26(66.67) 1

Parity Primi-parous 55(16.77) 5(12.82) 1
Multiparous 273(83.23) 34(87.18) 1.53(0.53, 3.93) 0.375

ANC Yes 308(93.90) 32(82.05) 0.212(0.10, 0.42) <0.001
No 20(6.10) 7(17.95) 1

Age of neonates ≤1 day 98(29.88) 14(35.90) 1.35(0.66, 2.76) 0.39
2–4 days 62(18.9) 8(20.51) 1.33(0.57, 3.09) 0.50

≥5 days 168(51.22) 17(43.59) 1

Sex Male 187(57.01) 18(46.15) 0.66(0.35, 1.25) 0.20
Female 141(42.99) 21(53.85) 1

GA Preterm 25(7.62) 18(46.15) 6.36(3.36,12.0) <0.001
Term 303(92.38) 21(53.85) 1

Type of birth Singleton 306(93.29) 36(92.31) 1
Twin 22(6.71) 3(7.69) 1.04(0.32,3.39) 0.94

Birth weight <2500 35(10.67) 26(66.67) 9.2(4.75, 18.1) <0.001
≥2500 293(89.33) 13(33.33) 1

5th minutes Apgar ≤ 5 45(13.72) 26(66.67) 8.6(4.46, 16.9) <0.001
>5 283(86.28) 13(33.33) 1

Initiation of BF Within 1hr 238(72.56) 10(25.64) 5.45(2.65,11.2) <0.001
After 1hrs 90(27.44) 29(74.36) 1

Temperature 35.5–37.5 185(56.40) 8(20.51) 1
<35.5 88(26.83) 25(64.10) 5.49(2.47,12.2) <0.001
> 37.5 55(16.77) 6(15.38) 2.54(0.88, 7.35) 0.084

Onset of labor Spontaneous 280(85.37) 37(94.87) 1
Induced 48(14.63) 2(5.13) 0.32(0.07,1.32) 0.35

Time of rupture of membrane <12 hrs. 260(79.27) 19(48.72) 1
>12 hrs. 68(20.73) 20(51.28) 3.13(1.66,5.88) <0.001

Mode of delivery SVD 270(82.32) 37(94.87) 1
Instrumental 15(4.57) 1(2.56) 0.49(0.067,3.62) 0.49
C/S 45(13.11) 1(2.56) 0.21(0.025,1.34) 0.095

Birth order 1st 52(15.85) 5(12.82) 1
2–4 184(56.10) 21(53.85) 1.36(0.51,3.46) 0.53

≥5 92(28.05) 13(33.33) 1.64(0.58, 4.63) 0.35

Duration of labor < 4 hrs. 11(3.35) 1(2.56) 1.13(0.15,8.41) 0.901
4–12 hrs. 223(67.99) 29(23.08) 1
>12 hrs. 94(28.66) 9(74.36) 0.70(0.33,1.48) 0.351

Abbreviations: CHR, crude hazard ratio; CI, confidence interval.
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due to infections and hypothermia, especially in preterm 
and low birth weight babies (ie sepsis, pneumonia, tetanus, 
and diarrhea).29–31 In fact, neonates who are sick might not 
be able to suck breast milk as compared to healthier 
neonates; this might be overestimating the true association.

The hazard of death among neonates born to mothers 
who had not received ANC was 39% higher compared 
with those neonates born to mothers who had received 
ANC. This is similar to previous studies done in 
Ethiopia21,32 which might be attributed to the benefit of 
the ANC visit in saving the life of neonates.33,34

The risk of dying for low birth weight neonates had 2.6 
times higher compared to neonates with normal birth weight. 
This finding is agreed with studies done in Ethiopia, Eritrea 
and Ghana.14,23,24,35,36 The possible reason could be preterm 
and low birth weight babies are more likely not to suck breast 
milk in turn being prone to the risk of death.37

Besides, neonates who had hypothermia at admission 
had 2.6 times higher hazard of death as compared with 
normal-thermic neonates. Hypothermia increased the 
hazard of mortality by 50% in another study,13 Despite 
these results, a study in eastern Ethiopia found that 
hyperthermia raised the risk of death.21 This may be 
because sepsis-affected neonates are vulnerable to 
hypothermia and hyperpyrexia, both of which are signs 
of impaired metabolism, and the mortality associated with 
these changes is high.38

Neonates born by cesarean section had 91.6% lower 
risk of death as compared with spontaneous vaginal 
delivery. This finding is comparable with studies con-
ducted in WolaitaSodo university teaching referral 
hospital13 and in Addis Ababa among public 
hospitals.1 The possible explanation might be timely 
decision rather than waiting for vaginal delivery, 

Table 4 Multivariate Cox-Proportional Hazard Regression for Predictors of Neonatal Mortality Among Neonates Admitted to NICU 
of Bombe Primary Hospital, South Ethiopia, 2020

Variables Category Survival Status CHR 95% CI AHR 95% CI

Censored Died

ANC Yes 308 32 0.212(0.101, 0.415) 0.39(0.15, 0.91) *
No 20 7 1 1

Sex Male 187 18 0.66(0.35, 1.25) 0.68(0.35,1.32)
Female 141 21 1 1

GA Preterm 25 18 6.36(3.36,12.0) 0.91(0.37,2.25)
Term 303 21 1 1

Birth weight <2500 35 26 9.2(4.75, 18.1) 2.59(1.07,6.8) *
≥2500 293 13 1 1

5th minutes Apgar ≤ 5 45 26 8.6(4.46, 16.9) 3(1.32, 6.8) *
>5 283 13 1 1

IBF Within 1hr 238 10 5.45(2.65,11.2) 2.9(1.32,6.37) *
After 1hrs 90 29 1 1

Temperature 35.5–37.5 185 8 1 1
<35.5 88 25 5.49(2.47,12.2) 2.6(1.1,6.2) *

> 37.5 55 6 2.54(0.88, 7.35) 2.57(0.78,7.64)

Time of rupture of membrane <12 hrs. 260 19 1 1
>12 hrs. 68 20 3.13(1.66,5.88) 2.49(1.25,4.97) *

Mode of delivery SVD 270 37 1 1
Instrumental 15 1 0.49(0.067,3.62) 0.65(0.077,4.53)

C/S 45 1 0.21(0.025,1.34) 0.084(0.010, 0.65) *

Note: *Significant at p-value <0.05. 
Abbreviations: SVD, spontaneous vaginal delivery; CS, cesarean section; CHR, crude hazard ratio; CI, confidence interval; AHR, adjusted hazard ratio; IBF, initiation of 
breast feeding; GA, gestational age; ANC, antenatal care.
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delivering by C/S can reduce the risk of death by 
decreasing the complications due to prolonged labor.

Other studies have revealed that Caesarian section 
was not reported to be a significant predictor in reducing 
neonatal death,14,20,39,40 This may be due to deliance in 
the decision-making process during prolonged labour, 
inadequate standard of operation procedure, and 
women’s aversion to cesarean section. It may also be 
linked to the outcome of C/S, which could make breast-
feeding difficult. Surprisingly, a Nepalese study found 
that cesarean section delivery raised the risk of neonatal 
sepsis and mortality.41 This might be babies delivered 
by caesarean section are at particular risk of developing 
hypothermia.

Moreover, neonates born from mothers whose rupture 
of the membrane was ruptured for more than 12 hours of 
delivery have 2.5 times higher hazard of neonatal mortal-
ity than the counterparts whose mother’s membrane rup-
tured within 12 hours of delivery. This is similar with 
previous studies conducted in different part of 
Ethiopia.11,15,21 This may be because as the time between 
the rupture of the membrane and delivery gets closer, the 
risk of infection, being in shortness of breathing, pulmon-
ary hyperplasia, and preterm labor rises.42,43

Some limitations of this study have seen since the 
study is a retrospective cohort study and based on the 
secondary data, first it did not allow inferences to be 
drawn with respect to the temporal relationship among 
variables and association does not imply causation. 
Secondly, it might be subjected to information bias.

Conclusion
This study founded a high neonatal mortality rate in the 
NICU at Bombe primary hospital. Low birth weight, lower 
5th minute Apgar score, hypothermia, failure to early 
initiation of breastfeeding and mothers’ time of rupture 
of membrane >12 hours before delivery were independent 
predictors of neonatal mortality. Therefore, increased 
efforts should be undertaken to tackle the problem and 
enabling environment has to be focused for continued 
improvements in child survival.
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