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Abstract

Background: Neonatal mortality remains a serious global public health problem, but Sub-Saharan Africa (SSA), in
particular, is largely affected. Current evidence on neonatal mortality is essential to inform programs and policies,
yet there is a scarcity of information concerning neonatal mortality in our study area. Therefore, we conducted this
prospective cohort study to determine the incidence and predictors of neonatal mortality at Debre Markos Referral
Hospital, Northwest Ethiopia.

Methods: This institutionally-based prospective cohort study was undertaken among 513 neonates admitted to the
neonatal intensive care unit of Debre Markos Referral Hospital between December 1st, 2017 and May 30th, 2018. All
newborns consecutively admitted to the neonatal intensive care unit during the study period were included. An
interviewer administered a questionnaire with the respective mothers. Data were entered using Epi-data™ Version
3.1 and analyzed using STATA™ Version 14. The neonatal survival time was estimated using the Kaplan-Meier
survival curve, and the survival time between different categorical variables were compared using the log rank test.
Both bi-variable and multivariable Cox-proportional hazard regression models were fitted to identify independent
predictors of neonatal mortality.

Results: Among a cohort of 513 neonates at Debre Markos Referral Hospital, 109 (21.3%) died during the follow-up
time. The overall neonatal mortality rate was 25.8 deaths per 1, 000 neonate-days (95% CI: 21.4, 31.1). In this study,
most (83.5%) of the neonatal deaths occurred in the early phase of neonatal period (< 7 days post-partum). Using
the multivariable Cox-regression analysis, being unemployed (AHR: 1.6, 95% CI: 1.01, 2.6), not attending ANC (AHR:
1.9, 95% CI: 1.01, 3.5), not initiating exclusive breastfeeding (AHR: 1.7, 95% CI: 1.02, 2.7), neonatal admission due to
respiratory distress syndrome (AHR: 2.0, 95% CI: 1.3, 3.1), and first minute Apgar score classification of severe (AHR:
2.1, 95% CI: 1.1, 3.9) significantly increased the risk of neonatal mortality.

Conclusion: In this study, we found a high rate of early neonatal mortality. Factors significantly linked with
increased risk of neonatal mortality included: unemployed mothers, not attending ANC, not initiating exclusive
breastfeeding, neonates admitted due to respiratory distress syndrome, and first minute Apgar score classified as
severe.
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Background
Neonatal mortality (NM) is defined as the death of neo-
nates within the first 4 weeks of life (i.e., the neonatal
period) [1]. Early neonatal mortality (ENM) refers to the
death of neonates within the first week of life [2] and
late neonatal mortality (LNM) refers to the death of neo-
nates from the seventh day until the 28th day post-birth
[3]. NM remains a serious public health challenge
throughout the world, most notably in low and middle
income countries (LMICs). In 2015, an estimated 2.7
million neonatal deaths occurred worldwide, accounting
for 45% of deaths in under-5 years of age children [4, 5].
Almost all (99%) newborn deaths occurred in LMICs,
with the least progress in reducing neonatal deaths being
achieved in Africa and South Asia [2].
Furthermore, this trend is amplified in Sub-Saharan

Africa (SSA) which carries the highest NM incidence in
the world, and shows the lowest progress in reducing
NM [6]. Ethiopia was listed as having the third highest
number of neonatal deaths in eastern SSA in 2013 [7].
According to the recent Ethiopian Demographic and
Health Survey (EDHS, 2016) report, NM in Ethiopia was
reported as 29 deaths per 1000 live births [8].
Evidence suggests that about 75% of the neonatal

deaths in low and middle income countries (LMICs) are
preventable with existing simple and low cost tools, such
as antibiotics for pneumonia and sepsis, sterile blades to
cut the umbilical cords, and knit caps and kangaroo care
to keep babies warm [9, 10]. As an intervention, in 2005,
the United Nations launched MDG #4, which aimed to
reduce the mortality rate of under-five children by 66%
by the end of 2015 [4]. Despite NM reduction from 5.1
million in 1990 to 2.7 million in 2015, the global decline
in NM between 1990 to 2015 was slower than post-
neonatal under-five mortality (1–59months) (i.e., 47%,
compared with 58%) [4].
A few studies conducted in Ethiopia found NM inci-

dence in Ethiopia ranged from 1.3 per 1000 live births in
Oromia Region [11] to 62.5 per 1000 live births in Ti-
gray Region [12]. These studies documented many ma-
ternal and neonatal factors significantly associated with
NM. Accordingly, maternal education [13], sex of the
neonate [14], antenatal care follow-up [14–16], postnatal
care follow-up [14], complications during pregnancy [12,
17], birth weight (low birth weight) [15, 16, 18–21], and
short birth interval (less than 24 months) [15, 18] were
some of the factors significantly associated with NM.
In Ethiopian, the government adapted and imple-

mented different strategies to achieve MDG #4. For ex-
ample, Emergency Obstetric and Newborn Care has
been adapted to improve neonatal and maternal out-
comes, yielding marked success in the reduction of
under-five mortality [22, 23]. There was variation in the
reduction of mortality among different childhood age

groups, with the least reduction being achieved in the
neonatal groups compared to infant and child groups
[24]. Even though different interventions have been
made by the government, NM in Ethiopia remained
high. Therefore, this prospective cohort study was de-
signed to identify the risk factors of NM [15]. Results
obtained from this study will inform planning interven-
tions to improve the survival of neonates in the study
area, and similar settings of Ethiopia. Additionally, this
study will serve as baseline information for further
studies.

Objectives

� To determine the incidence of mortality among
neonates admitted to the neonatal intensive care
unit of Debre Markos Referral Hospital

� To identify predictors of mortality among neonates
admitted to the neonatal intensive care unit of
Debre Markos Referral Hospital

Methods
Study design and setting
This institutionally-based prospective cohort study was
undertaken between December 1st, 2017 and May 30th,
2018 in the Neonatal Intensive Care Unit (NICU) of the
Debre Markos Referral Hospital. Debre Markos town is
located 300 km from Addis Ababa, the capital city of
Ethiopia, and 256 km from Bahir-Dar, the capital of Am-
hara Regional State. Debre Markos Referral Hospital is
the only referral hospital found in East Gojjam Zone.
This hospital serves more than 3.5 million people in its
catchment area. As well, the hospital provides neonatal
intensive care services for critically ill neonates and
those who needs neonatal care. The NICU has 27
nurses, one pediatrician, and two general practitioners.
Besides, the unit has 10 NICU beds, four kangaroo
mother care beds, 19 mother side beds, eight radiant
warmers, and six incubators. The common nursing pro-
cedures in the NICU are: phototherapy, umbilical trans-
fusion, oxygen administration, nasogastric tube
insertion, intravenous infusion, urinary catheterization,
lumbar puncture, and Continuous Positive Airway Pres-
sure Ventilation (CPAP). In 2017, this hospital provided
neonatal intensive care services for 1419 neonates.

Population
The source and study population for this study were all
neonates admitted to the NICU of Debre Markos Refer-
ral Hospital from the period of December 1st, 2017 to
May 30th, 2018. We excluded neonates whose mothers
were unable to communicate due to serious illness, neo-
nates admitted without mothers, and mothers with psy-
chiatric illnesses.
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Sample size determination and sampling procedure
We included all newborns consecutively admitted to the
NICU of Debre Markos Referral Hospital during the
study period. Even though we included all neonates con-
secutively admitted to the NICU, we checked the ad-
equacy of the sample size based on our objectives.
Accordingly, for the first objective, the minimum re-
quired sample size was calculated using a single popula-
tion proportion formula by considering the following
statistical assumptions: P = proportion (22%) of NM,
which was obtained from a study conducted in Tigray
region [12], Z α/2 = corresponding Z score of 95% CI
and d =margin of error (5%). In our study, N = (1.96)2

*0.22*0.78/ (0.05)2 = 264 neonates. Finally, after assum-
ing a 10% loss to follow-up, the final sample size re-
quired for the first objective was 291neonates.
For the second objective, the adequacy of sample size

was checked using a sample size calculation for the sur-
vival analysis formula by considering not initiating exclu-
sive breastfeeding and having neonatal complications as
the major predictor variables using STATA™ Version 14
statistical software (Table 1). This calculation yielded a
sample size requirement of 146 neonates. Finally, we in-
cluded a total of 513 neonates admitted to the NICU of
Debre Markos Referral Hospital from December 1st,
2017 and May 30th, 2018. Regarding sampling tech-
nique, we used a consecutive sampling technique and
followed the neonates for the 28 day post-birth period.
When the neonates were discharged before 28 days,
weekly phone calls were undertaken to monitor the new-
born outcomes at home.

Variables of the study
The dependent variable for this study was the time to
death. The independent variables were: sociodemo-
graphic characteristics including age of the neonate, sex
of the neonate, marital status of the mother, residence,
age at first marriage, age at first birth, educational status
of the mother, and occupation of the mother; maternal

obstetric and health service related information includ-
ing exclusive breastfeeding, maternal complications at
birth, antenatal care follow-up, abortion history, medical
disease(s) during pregnancy, and distance from a health
facility; and neonatal related predictors including gesta-
tional age, neonatal complications, birth weight, birth
type, birth interval, weight for gestational age, birth de-
fect, Apgar 1-min score, Apgar 5-min score, and neo-
natal resuscitation.

Operational definitions
Event
Death of a neonate at specific time (day) within the 28
days of follow-up as evidenced by physician confirm-
ation or telephone verification from mothers [1].
Neonatal mortality was calculated by dividing the

number of neonates died during the study period to the
neonate-days [25]. This is the appropriate measurement
for our study because, since this study included only sick
neonates admitted to the NICU, calculating the NM per
1000 live births could overestimate the NM.

Early neonatal mortality
Probability of death before seven completed days of life
[2].

Late neonatal mortality rate
Probability of dying between seven completed days and
before 28 completed days of life [3].

Censored
Neonates who were alive at the end of follow up, and/or
lost-to-follow-up.

Data collection procedures and quality control
We used an interviewer administered pre-tested and
structured questionnaire to collect the data. The ques-
tionnaire was prepared from relevant literature and the
WHO standard verbal autopsy questionnaire [26]. To
maintain data quality, the questionnaire was initially de-
veloped in English then translated to Amharic and back
to English. The tool was pre-tested on 5% of the total
sample size at Finote Selam Hospital. The data from this
piloting of the tool was not analyzed or reported in this
study.
All data were collected at the time of admission

through interviewing all mothers whose neonates were
admitted to the NICU of Debre Markos Referral Hos-
pital. In addition, clinical data were obtained by assess-
ment of the neonates and mothers at the time of
admission. The neonates were followed for a maximum
of 28 days, using two alternative strategies. The data col-
lector visited the neonate daily, while in the hospital.
After the neonate was discharged, the data collector

Table 1 Sample size calculation to assess the incidence and
predictors of neonatal mortality at Debre Markos Referral
Hospital, Northwest Ethiopia, 2018

Variables Assumptions Hazard
ratio

Total
sample
size

10% loss to
follow-up

Not initiating
exclusive
breastfeeding

Power =
80%
CI = 95
π1= π2 = ½

7.5 125 138 [12]

Having neonatal
complications

Power =
80%
CI = 95
π1= π2 = ½

7.1 132 146 [12]

Note: π1 and π2: the proportions to be allocated between exposed and non-
exposed groups HR: hazard ratio
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contacted the mother every 7 days via a telephone call
and inquired about the neonate’s condition and survival
status. When death occurred, the date and cause of
death was recorded. If the neonate died in the hospital,
the cause of death was confirmed by physician, however,
if the neonate died at home after discharged from the
hospital, it was assessed by provider judgement when
the newborn was still in the NICU.
All bachelor’s degree prepared nurses currently work-

ing in the NICU of Debre Markos Referral Hospital were
involved as data collectors. To assure data quality, daily
supervision was done by principal investigators and the
NICU supervisor (who was a BSc prepared nurse). A
one-day training session was given for both data collec-
tors and the supervisor concerning the data collection
tool and data collection process. Moreover, all collected
data were examined for completeness and consistency
during the data management, storage, and analysis phase
by the research team members.

Statistical analysis
We used Epi-data™ Version 3.1 for data entry and STAT
A™ Version 14 statistical software for data analysis. Be-
fore analysis, data were cleaned and edited. The neces-
sary assumption of Cox-proportional hazard regression
model was checked using the Schoenfeld residual test
and the Log-Log plot. The neonate cohort characteristics
of continuous data were described in terms of central
tendency (mean or median), dispersion (standard devi-
ation or inter quartile range) and in the frequency distri-
bution for categorical data. Finally, the outcomes of
neonates were dichotomized into censored or death cat-
egories. The Kaplan Meier survival curve was used to es-
timate survival time, and log rank test was used to
compare the survival curves. Bi-variable Cox-
proportional hazards regression model was fitted for
each explanatory variable. Moreover, those variables
having p-value ≤0.25 in bivariate analysis were fit into
the multivariable Cox-proportional hazard regression
model. Hazard ratio with 95% confidence interval and p-
values were used to measure the strength of association
and to identify statistically significant predictors. In the
multivariable analysis, variables having P-value < 0.05
were considered as significant predictors of mortality.

Results
Sociodemographic characteristics of the study
participants
In this prospective cohort study, a total of 513 neonates
consecutively admitted to the NICU of Debre Markos
Referral Hospital from the period of December 1st, 2017
to May 30th, 2018 were included. The response rate of
this study was 100% with 59.5% of the neonates being fe-
males and about half (51.1%) being from urban areas.

The majority (95.1%) of the study participants were from
Orthodox religions. The mean age of the neonates at the
time of admission was 3.9 days (SD ± 0.2); with the mean
age of mothers at first marriage and at first birth re-
ported as 19.3 years (SD ± 0.2) and 23 years (SD ± 0.2) re-
spectively. Regarding marital status, the majority (94.5%)
of the mothers were married; nearly, one third (29.8%)
completed primary education, and about two-thirds
(70%) were unemployed (Table 2).

Maternal obstetric and health service-related
characteristics
More than half (63.2%) of the mothers were RH positive.
The majority (94.7%) of the mothers had ANC follow-up

Table 2 Sociodemographic characteristics of the mothers and
neonates at Debre Markos Referral Hospital, Northwest Ethiopia,
2018

Variables Frequency (N) Percentage (%)

Sex of the neonate

Male 305 59.5

Female 208 40.5

Neonatal age at admission

≤ 3 days 343 66.9

> 3 days 170 33.1

Residence

Urban 251 48.9

Rural 262 51.1

Age at first marriage

< 18 years 242 47.2

≥ 18 years 271 52.8

Age at first birth

< 20 years 99 19.3

20–24 years 239 46.6

> 24 years 175 34.1

Religion

Orthodox 488 95.1

Other 25 4.9

Marital status

Married 485 94.5

Other 28 5.5

Maternal educational status

Unable to read and write 191 37.2

Primary 153 29.8

Secondary 78 15.2

Tertiary 91 17.7

Maternal occupation

Employed 154 30.0

Unemployed 359 70.0
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during the current pregnancy. Almost one-third (30.1%)
experienced complications during delivery, with 5.5%
(27) reporting having an illness during the current preg-
nancy. Among the 27 individuals reporting a disease, 12
(44%) of the mothers had HIV infection. During the
current pregnancy, the majority (84.2%) of the mothers
received the tetanus toxoid vaccine. With respect to
mode of delivery, more than half (63.9%) of the neonates
were delivered vaginally, and 86.4% were exclusively
breastfed. It is noted that more than half (63.8%) of the
mothers lived < 5 km from a health facility (Table 3).

Neonatal related characteristics
Among all neonates admitted to the NICU of Debre
Markos Referral Hospital, about half (53%) were low
birth weight. One-third (33.5%) of the neonates admitted
to the NICU were preterm. More than three-fourths
(76.2%) of the neonates received immediate newborn
care, with 60.6% not requiring resuscitation (Table 4).

Incidence of neonatal mortality
The neonates were followed for a minimum of 1 h to a
maximum of 28 days. The cohort contributed a total of
4223 neonate-days. The median follow-up time of the
entire cohort was found to be 7 days (IQR: 4–11 days).
During the time of follow up time, about 21.3% of the
neonates died. However, most (83.5%) of the neonatal
deaths occurred in the early phase of neonatal period (<
7 days). The overall mortality rate (incidence density) of
this cohort was found to be 25.8 deaths per 1000
neonate-days (95% CI: 21.4, 31.1). In this study, we ob-
served a high early NM [ENM] (39.4 (95% CI: 32.3, 48.1)
per 1000 neonate-days) as compared to late NM [LNM]
(6.8 (95%CI: 3.9, 12.0) per 1000 neonate-days) (Fig. 1).
Regarding the cause of neonatal deaths, about one-third
(33.5%) of neonatal deaths were attributed to preterm
and slight less (30.6%) of the neonatal deaths were at-
tributed to neonatal sepsis (Fig. 2).

Predictors of neonatal mortality
In the bi-variable Cox-regression analysis, significant
predictors (p-value ≤0.25) of NM included: age of the
neonate, admitted due to respiratory distress syndrome,
admitted due to prematurity, birth interval, low first mi-
nute Apgar, number of children, mother’s occupation,
age at first marriage, ANC follow-up, and exclusive
breastfeeding practice. In the final model, only five vari-
ables were identified as significant predictors of NM. Ac-
cordingly, neonates delivered by unemployed mothers
were 1.6 (AHR: 1.6, 95% CI: 1.01, 2.6) times more likely
to die as compared to employed mothers.
Neonates born to mothers who had not attend ANC

follow-up were 1.9 times (AHR: 1.9, 95% CI: 1.01, 3.5)
more likely to die as compared to neonates born from

Table 3 Maternal and health service-related characteristics of
the study participants at Debre Markos Referral Hospital,
Northwest Ethiopia, 2018

Variables Frequency (N) Percentage (%)

Number of children

Primipara 248 48.3

2–4 children 219 42.7

≥ 5 children 46 9.0

Gravidity

< 2 pregnancies 228 44.4

≥ 2 pregnancies 285 55.6

RH immunization status

Positive 324 63.2

Negative 102 19.9

Unknown 87 16,9

Complication(s) during labor

Yes 159 30.1

No 354 69.0

Antenatal Care follow-up

Yes 486 94.7

No 27 5.3

Number of Antenatal Care follow-ups (486)

< 4 170 35.0

≥ 4 316 65.0

History of abortion

Yes 78 15.2

No 435 84.8

Types of abortions (78)

Spontaneous 73 93.6

Induced 5 6.4

History of stillbirth

Yes 41 8.0

No 472 92.0

Number of stillbirths (41)

< 2 34 82.9

≥ 2 7 17.1

Pregnancy related complications

Yes 73 14.2

No 440 18.8

Types of complications (73)

Hypertension 44 60.3

Hemorrhage 10 13.7

Others 20 27.4

Any disease during current pregnancy

Yes 27 5.3

No 486 94.7
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mothers who had ANC follow-up. Moreover, neonates
who did not exclusively breastfed were 1.7 times (AHR:
1.5, 95% CI1.02, 2.7) more likely to die as compared to
exclusively breastfed neonates. Furthermore, neonates
who were admitted due to respiratory distress syndrome
were 2.0 times (AHR: 2.0, 95% CI: 1.3, 3.1) more likely
to die as compared to neonates admitted due to other
cases. Finally, this study found that neonates whose first
minute Apgar scores were classified as severe were 2.1
times (AHR: 2.1, 95% CI: 1.1, 3.9) more likely to die as
compared to those neonates whose first minute Apgar
scores were classified as not severe (Table 5).

Discussion
Despite numerous innovations and interventions made
to improve the survival of newborns, NM remains a ser-
ious global public health concern, notably in LMICs.
Therefore, we conducted this prospective cohort study
to determine NM at Debre Markos Referral Hospital,
Ethiopia. Accordingly, the overall NM at Debre Markos

Referral Hospital was found to be 25.8 per 1000
neonate-days (95% CI: 21.4, 31.1). This finding aligns
with previous studies conducted in eastern Ethiopia
reporting NM incidence of 28.37 per 1000 live births
[27], a study at Wolaita Sodo University Teaching and
Referral Hospital reporting 27 per 1000 neonates-days
[28], and the EDHS (2016) which reported 29 per 1000
live births [8].

Table 3 Maternal and health service-related characteristics of
the study participants at Debre Markos Referral Hospital,
Northwest Ethiopia, 2018 (Continued)

Variables Frequency (N) Percentage (%)

Types of diseases (27)

HIV 12 44.4%

Malaria 6 22.2

Other 9 33.3

TT vaccine

Yes 432 84.2

No 81 15.8

Number of TT vaccines (432)

One 74 17.1

≥ Two 358 82.9

Mortality of sibling

Yes 63 12.3

No 450 87.7

Mode of delivery

Vaginal 328 63.9

Caesarean Section 104 20.3

Instrument 81 15.8

Exclusive breastfeeding

Yes 443 86.4

No 70 13.6

Distance from health institution

< 5 km 326 63.6

5–10 km 91 17.7

> 10 km 96 18.7

Table 4 Neonatal related characteristics of study participants at
Debre Markos Referral Hospital, Northwest Ethiopia, 2018

Variables Frequency(N) Percentage (%)

Birth weight

Normal (≥2500 g) 272 53.0

Low birth weight (< 2500 g) 241 47.0

Gestational age

Preterm 172 33.5

Term 330 64.3

Post term 11 2.1

Weight for gestational age

Appropriate 404 78.7

Small for Gestational Age 99 19.3

Large for Gestational Age 10 2.0

Birth type

Single 423 82.5

Multiple 90 17.5

Birth interval

Not applicable 239 46.6

< 2 years 77 15.0

≥ 2 years 187 38.4

First minute Apgar score

Severe 29 5.7

Other than severe 484 94.3

Fifth minute Apgar score

Severe 30 3.8

Not severe 383 94.2

Immediate newborn care

Yes 391 76.2

No 60 11.7

Unknown 62 12.1

Resuscitation

Yes 147 28.6

No 316 60.6

Unknown 50 9.8

Neonate inborn or out born

Inborn 335 65.3

Out born 178 34.7
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However, our finding is lower than the results of a
number of studies, such as one conducted in Northern
Ethiopia (62.5 per 1000 live births) [12], Jimma Zone
Southwest Ethiopia (35.5 per 1000 live births) [25],
Nigeria (41 per 1000 live births) [15], and Burkina Faso
(46.5 per 1000 live births) [29]. Conversely, our finding

is much higher than NM incidence reported in Butajira
District, South Central Ethiopia (1.3 per 1000 live births)
[11]. The above variations between studies could be ex-
plained, in part, by the differences in sample size, study
settings, follow-up period, and socio-demographic char-
acteristics of study participants.

Fig. 1 The overall Kaplan-Meier survival curve with 95% confidence interval showing the survival time of neonates at Debre-Markos Referral
Hospital, Northwest Ethiopia

Fig. 2 The common causes of neonatal deaths at Debre Markos Referral Hospital from December 1st, 2017 to May 30th, 2018

Alebel et al. BMC Pediatrics           (2020) 20:72 Page 7 of 11



In this study, we observed a high ENM (39.4 deaths
per 1000 live births) as compared to LNM (6.8 per 1000
live births). This mortality difference is consistent with
studies reported from Northern Ethiopia [12], Butajira
District, South Central Ethiopia [11], and Jimma Zone
Southwest Ethiopia [25]. This mortality difference be-
tween the groups could be attributed to the fact that
most of the neonatal deaths in resource limited settings

are associated with delivery, intrapartum, and the imme-
diate newborn care practices. Besides, in our study, more
than half (61.2%) of the neonatal deaths are attributed to
birth asphyxia, neonatal sepsis, and prematurity. From
this finding we can conclude that more neonatal survival
interventions should be targeted towards the intra-
partum period as well as in immediate and early neo-
natal periods. This finding aligns with the World Health
Organization report, which shows up to half of all deaths
occur in the first 24 h of life, and 75% occur in the first
week, with the 48 h immediately following birth cited as
the most crucial time for newborn survival [30].
In this cohort study, maternal occupation was signifi-

cantly associated with NM. Accordingly, neonates deliv-
ered by unemployed mothers were more likely to die as
compared to their employed counterparts. This finding
contradicts findings from a study reported from India,
which shows the odds of neonatal death were lower
among infants born from unemployed mothers than
employed mothers [31]. The possible explanation for
these contradictory findings might be due to the differ-
ence in socioeconomic and sociodemographic status of
the mothers, as employed mothers are more educated
and have a better income than unemployed mothers.
Other evidence suggested that NM was significantly as-
sociated with maternal educational status and income
[32].
The current study found that a lack of ANC follow-up

was significantly associated with increased NM. Neo-
nates born to mothers who did not participate in ANC
follow-up were at higher risk of death as compared to
neonates born to those who had undertaken ANC
follow-up. This finding aligns with previous studies con-
ducted in Ethiopia as well as in other SSA countries
[14–16]. ANC visits may help to reinforce maternal edu-
cation and compliance, and provide an opportunity for
screening for warning signs of pregnancy complications
and treatment of infections [33]. In addition, ANC pro-
vides an excellent opportunity for health care workers to
teach mothers how to recognize warning signs of com-
plications during pregnancy, labor, and delivery whilst
encouraging them to plan clean and safe deliveries pref-
erably with trained assistants [34, 35]. At the time of
ANC follow-up health care providers can provide infor-
mation regarding postpartum care, newborn care,
breastfeeding, pregnancy risk signs, and appropriate ac-
tions to be taken [36].
Additionally, exclusive breastfeeding practice was sig-

nificantly associated with NM. Our study demonstrated
that neonates who did not breastfeed exclusively were at a
higher risk of death as compared to their exclusively
breastfed counterparts. This finding is supported by stud-
ies conducted in Northern Ethiopia [12], and Bangladesh
[37]. A study conducted in other SSA countries revealed

Table 5 The bi-variable and multivariable Cox-regression
analysis of predictors of neonatal mortality at Debre Markos
Referral Hospital, Northwest Ethiopia, 2018

Variables Survival status CHR (95%CI) AHR (95%CI)

Event Censored

Neonatal age at admission

≤ 3 days 82 261 1 1

> 3 days 27 143 0.6 (0.4, 1.00) 0.8 (0.5, 1.3)

Age at first birth

< 20 years 19 80 0.8 (0.6, 1.5) 1.1 (0.6, 1.9)

20–24 years 46 193 1 1

> 24 years 44 131 1.3 (0.9, 2.0) 1.4 (0.9, 2.2)

Maternal occupation

Employed 25 129 1 1

Unemployed 84 275 1.4 (0.9, 2.3) 1.6 (1.01, 2.6)a

Number of children

Primipara 57 191 1 1

2–4 children 44 175 0.8 (0.5, 1.2) 0.7 (0.4, 1.3)

≥ 5 children 8 38 0.7 (0.3, 1.4) 0.6 (0.2, 1.4)

Antenatal care follow-up

Yes 96 390 1 1

No 13 14 2.6 (1.5, 4.6) 1.9 (1.01, 3.5)a

Exclusive breastfeeding

Yes 84 359 1 1

No 25 45 2.0 (1.3, 3.2) 1.7 (1.02, 2.7)a

Respiratory Distress Syndrome

Yes 41 61 2.5 (1.7, 3.7) 2.0 (1.3, 3.1)a

No 68 343 1 1

Premature Birth

Yes 42 105 1.5 (1.0, 2.1) 1.1 (0.7, 1.7)

No 67 299 1 1

Birth interval

Not applicable 56 183 1.1 (0.6, 1.8) 0.9 (0.5, 1.6)

< 2 years 18 59 1 1

≥ 2 years 35 162 0.7 (0.4, 1.3) 0.8 (0.5, 1.5)

First minute Apgar score

Severe 13 16 2.7 (1.5, 4.8) 2.1 (1.1, 3.9)a

Not severe 96 388 1 1
aSignificant predictors in the multivariable analysis
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that if breastfeeding was initiated within the first day of
birth, the risk of NM reduced by 16% and could be re-
duced by 22% if it is initiated within one hour [38]. It is
well known that the first milk (colostrum) produced by
the mother has the benefit of reducing diseases like re-
spiratory infections and otitis media, which ultimately
contributes to the survival of neonates [39]. Evidence also
suggested that breastfeeding reduces the risk of NM mor-
tality in related to neonatal infections (i.e., sepsis, pneumo-
nia, tetanus, and diarrhea) [40].
Moreover, this study found that neonates admitted to

the NICU due to respiratory distress syndrome were at
higher risk of death as compared to neonates admitted
due to other causes. This finding is consistent with a
study done in India showing that prematurity with re-
spiratory distress syndrome and perinatal asphyxia were
the two most common causes of NM [41]. The possible
explanation for the high mortality of neonates due to re-
spiratory distress syndrome could be due to the vulner-
ability of the study participants. For example, in our
study, from all neonates admitted due to respiratory dis-
tress syndrome, about 49% were premature. Different lit-
erature documented that respiratory distress syndrome
is the most common cause of death among premature
neonates [42, 43].
Finally, this study showed that neonates whose first

minute Apgar score classified as severe were at a higher
risk of death as compared to those whose first minute
Apgar was not classified as severe. This finding is con-
sistent with a study conducted in Brazil, which showed a
NM rate with the first minute Apgar score < 4 among
1000–1500 g weight group was threefold, and 35-fold
≥3000 g group [44].

Limitations and strengths of the study
The main strength of this study is it was conducted pro-
spectively. Therefore, we were able to include a range of
sociodemographic, obstetric and neonatal variables,
which were very important to determine NM. Despite
these strengths, this study has a number of limitations.
Firstly, the study was conducted at a hospital, therefore
neonates delivered at home and died at home could be
missed. Moreover there was a high ENM before initiat-
ing exclusive breastfeeding; consequently the true associ-
ation between NM and breastfeeding could be
overestimated. Furthermore, in this study, the impact of
providers’ training, supplies, equipment, and hospital
service contexts have not been explored.

Conclusion
In this study, we found a high rate of ENM. Unemployed
mothers, not attending ANC, not initiating exclusive
breastfeeding, neonates admitted due to respiratory dis-
tress syndrome, and first minute Apgar score classified

as severe were factors significantly predictive of in-
creased the risk of NM. Therefore, based on our find-
ings, we strongly recommend that special emphasis shall
be given to neonates admitted during the early neonatal
period. Training about the management of neonates
with respiratory distress syndrome should be given to
nurses and physicians working in the NICU of Debre
Markos Referral Hospital. Furthermore, education about
the importance of ANC and exclusive breastfeeding shall
be given for the mothers during ANC care as well as
postnatal care. Besides, neonates admitted due to early
neonatal infections, asphyxia, and prematurity should
get a special attention because 61.2% of the neonatal
deaths were associated with the above three conditions.
Lastly, further research is needed to explore the impact
of provider training, supplies, equipment, and context.

Abbreviations
ANC: Antenatal Care; CI: Confidence Interval; EDHS: Ethiopia Demographic
and Health Survey; ENM: Early Neonatal Mortality; KM: Kilometer; LMICs: Low
and Middle Income Countries; LNM: Late Neonatal Mortality;
MDGs: Millennium Development Goals; NICU: Neonatal Intensive Care Unit;
NM: Neonatal Mortality; SSA: Sub-Saharan Africa; WHO: World Health
Organization

Acknowledgments
We would like to acknowledge Debre Markos University for the financial
funding of this research project. We extend our special thanks to all data
collectors (nurses currently working in the NICU of Debre Markos Referral
Hospital) and supervisor.

Availability of data and material
The data sets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contribution
AA: Conception of research protocol, study design, literature review, data
analysis, interpretation and drafting the manuscript. FW, PP, CT, NAM, DBK,
LY, MWM, YTH, BT, ZWB, AAT, and GDK: data analysis, interpretation, and
manuscript review. All authors have read and approved the manuscript.

Funding
Not applicable.

Ethics approval and consent to participate
Ethical clearance was obtained from the Institutional Review Committee of
the College of Health Sciences, Debre Markos University. A permission letter
was obtained from hospital administration. Each participant (mother)
received an explanation about the purpose of study, and verbal informed
consent was obtained from each participant prior to proceeding. The ethical
committee formally waived the need of formal written consent since the
study was done through interviewing of the mothers. Therefore, the
committee declared that this study is less invasive as much as confidentiality
is maintained. To ensure confidentiality, all collected data were coded and
locked in a separate room prior to the data entry process. After entering of
data into the computer, all data were locked by password. Participant names
was not included in the data collection format, and the data were not
disclosed to any person other than principal investigators.

Consent for publication
Not applicable.

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

Alebel et al. BMC Pediatrics           (2020) 20:72 Page 9 of 11



Author details
1College of Health Science, Debre Markos University, P.O. Box 269, Debre
Markos, Ethiopia. 2Faculty of Health, University of Technology Sydney, Ultimo,
NSW, Australia. 3College of Nursing, University of Saskatchewan, Saskatoon,
Canada. 4School of Life Sciences and Bioengineering, Nelson Mandela
African Institute of Science and Technology, Arusha, Tanzania. 5Debre Markos
Referral Hospital, Debre Markos, Ethiopia. 6Department of Nursing, St. Paul’s
Hospital Millennium Medical College, Addis Ababa, Ethiopia. 7Department of
Medical Parasitology, College of Medicine and Health Sciences, Bahir Dar
University, Bahir Dar, Ethiopia.

Received: 8 April 2019 Accepted: 7 February 2020

References
1. Sankar MJ, Natarajan CK, Das RR, Agarwal R, Chandrasekaran A, Paul VK.

When do newborns die? A systematic review of timing of overall and
cause-specific neonatal deaths in developing countries. J Perinatol. 2016;
36(Suppl 1):S1–s11.

2. The partnership for maternal and child health: Newborn death and illness
available at http://www.who.int/pmnch/media/press_materials/fs/fs_
newborndealth_illness/en/. 2015.

3. Jehan I, Harris H, Salat S, Zeb A, Mobeen N, Pasha O, McClure EM, Moore J,
Wright LL, Goldenberg RL. Neonatal mortality, risk factors and causes: a
prospective population-based cohort study in urban Pakistan. Bull World
Health Organ. 2009;87(2):130–8.

4. WHO U, United Nations, WORLD BANK GROUP,: Levels & Trends in Child
Mortality available at https://www.unicef.org/media/files/IGME_Report_
Final2.pdf. 2015.

5. WHO: Global Health Observatory (GHO) data available at http://www.who.
int/gho/child_health/mortality/en/. 2015.

6. WHO U, United Nations, WORLD BANK GROUP: Estimates Developed by the
UN Inter-agency Group for Child Mortality Estimation available at https://
www.unicef.org/media/files/2013_IGME_child_mortality_Report.pdf. 2013.

7. Wang H, Liddell CA, Coates MM, Mooney MD, Levitz CE, Schumacher AE,
Apfel H, Iannarone M, Phillips B, Lofgren KT. Global, regional, and national
levels of neonatal, infant, and under-5 mortality during 1990–2013: a
systematic analysis for the global burden of disease study 2013. Lancet.
2014;384(9947):957–79.

8. Central Statistical Agency [Ethiopiaphic): Demographic and Health Survey
Key Indicators available at https://dhsprogram.com/pubs/pdf/PR81/PR81.pdf.
2016.

9. UNITED NATIONS: The Millennium Development Goals reports available at
http://www.un.org/millenniumgoals/2015_MDG_Report/pdf/MDG%202
015%20rev%20%28July%201%29.pdf. 2015.

10. Federal Ministry of Health of Ethiopia: Neonatal Intensive Care Unit (NICU)
Training Participants’ Manual unpublished report 2014.

11. Gizaw M, Molla M, Mekonnen W. Trends and risk factors for neonatal
mortality in Butajira District, south Central Ethiopia, (1987-2008): a
prospective cohort study. BMC Pregnancy Childbirth. 2014;14:64.

12. Mengesha HG, Wuneh AD, Lerebo WT, Tekle TH. Survival of neonates and
predictors of their mortality in Tigray region, northern Ethiopia: prospective
cohort study. BMC Pregnancy Childbirth. 2016;16(1):202.

13. Mekonnen Y, Tensou B, Telake DS, Degefie T, Bekele A. Neonatal mortality
in Ethiopia: trends and determinants. BMC Public Health. 2013;13:483.

14. Kolola T, Ekubay M, Tesfa E, Morka W. Determinants of neonatal mortality in
north Shoa zone, Amhara regional state, Ethiopia. PLoS One. 2016;11(10):
e0164472.

15. Akinyemi JO, Bamgboye EA, Ayeni O. Trends in neonatal mortality in Nigeria
and effects of bio-demographic and maternal characteristics. BMC Pediatr.
2015;15:36.

16. Kananura RM, Tetui M, Mutebi A, Bua JN, Waiswa P, Kiwanuka SN, Ekirapa-
Kiracho E, Makumbi F. The neonatal mortality and its determinants in rural
communities of eastern Uganda. Reprod Health. 2016;13:13.

17. Yego F, D'Este C, Byles J, Nyongesa P, Williams JS. A case-control study of
risk factors for fetal and early neonatal deaths in a tertiary hospital in Kenya.
BMC Pregnancy Childbirth. 2014;14:389.

18. Kayode GA, Ansah E, Agyepong IA, Amoakoh-Coleman M, Grobbee DE,
Klipstein-Grobusch K. Individual and community determinants of neonatal
mortality in Ghana: a multilevel analysis. BMC Pregnancy Childbirth. 2014;14:
165.

19. Sachan R, Singh A, Kumar D, Yadav R, Singh D, Shukla K. Predictors of
neonatal mortality referred to a tertiary care teaching institute: a descriptive
study. Indian J Child Health. 2016;3(2):154–8.

20. Nascimento RM, Leite AJ, Almeida NM, Almeida PC, Silva CF. Determinants
of neonatal mortality: a case-control study in Fortaleza, Ceara state,
Brazil. Cad Saude Publica. 2012;28(3):559–72.

21. El Awour I, Abed Y, Ashour M. Determinants and risk factors of neonatal
mortality in the Gaza strip, occupied Palestinian territory: a case-control
study. Lancet. 2012;380:S25–6.

22. Kayongo M, Rubardt M, Butera J, Abdullah M, Mboninyibuka D, Madili M.
Making EmOC a reality—CARE's experiences in areas of high maternal
mortality in Africa. Int J Gynecol Obstet. 2006;92(3):308–19.

23. Mekbib T, Kassaye E, Getachew A, Tadesse T, Debebe A. The FIGO save the
mothers initiative: the Ethiopia–Sweden collaboration. Int J Gynecol Obstet.
2003;81(1):93–102.

24. FMOH/MCH Directorate: National Newborn and Child Survival Strategy
Document Brief Summary 2015/16 2019/20 available at https://www.unicef.
org/ethiopia/Child_Survival_Strategy.pdf. 2015.

25. Debelew GT, Afework MF, Yalew AW. Determinants and causes of neonatal
mortality in Jimma zone, Southwest Ethiopia: a multilevel analysis of
prospective follow up study. PLoS One. 2014;9(9):e107184.

26. Organization WH. Standard neonatal verbal autopsy questionnaire. Revised
version. In: World Health Organization Geneva, WHO; 2003.

27. Desta BN, Assefa N, Damte TD, Hordofa LO. Neonatal Mortality and its risk
factors in Eastern Ethiopia: A Prospective Cohort Study in Kersa Health and
Demographic Surveillance System (Kersa HDSS). Mortality. 2016;13(18):19.

28. Orsido TT, Asseffa NA, Berheto TM. Predictors of neonatal mortality in
neonatal intensive care unit at referral Hospital in Southern Ethiopia: a
retrospective cohort study. BMC Pregnancy Childbirth. 2019;19(1):83.

29. Diallo AH, Meda N, Ouedraogo WT, Cousens S, Tylleskar T. A prospective
study on neonatal mortality and its predictors in a rural area in Burkina
Faso: can MDG-4 be met by 2015? J Perinatol. 2011;31(10):656–63.

30. WHO: Children: reducing mortality fact sheet updated september 2016
available from http://www.who.int/mediacentre/factsheets/fs178/en/. 2016.

31. Singh A, Kumar A, Kumar A. Determinants of neonatal mortality in rural
India, 2007-2008. PeerJ. 2013;1:e75.

32. Karlsen S, Say L, Souza J-P, Hogue CJ, Calles DL, Gülmezoglu AM, Raine R.
The relationship between maternal education and mortality among women
giving birth in health care institutions: analysis of the cross sectional WHO
global survey on maternal and perinatal health. BMC Public Health. 2011;
11(1):606.

33. Vogel JP, Habib NA, Souza JP, Gülmezoglu AM, Dowswell T, Carroli G,
Baaqeel HS, Lumbiganon P, Piaggio G, Oladapo OT. Antenatal care
packages with reduced visits and perinatal mortality: a secondary analysis of
the WHO antenatal care trial. Reprod Health. 2013;10(1):19.

34. Lucas AO, Stoll BJ, Bale JR. Improving birth outcomes: meeting the
challenge in the developing world. Washington, D.C: National Academies
Press; 2003.

35. Bloom SS, Lippeveld T, Wypij D. Does antenatal care make a difference to
safe delivery? A study in urban Uttar Pradesh, India. Health Policy Plan. 1999;
14(1):38–48.

36. Al-Ateeq MA, Al-Rusaiess AA. Health education during antenatal care: the
need for more. Int J Women's Health. 2015;7:239.

37. Arifeen S, Black RE, Antelman G, Baqui A, Caulfield L, Becker S. Exclusive
breastfeeding reduces acute respiratory infection and diarrhea deaths
among infants in Dhaka slums. Pediatrics. 2001;108(4):e67.

38. Edmond KM, Kirkwood BR, Amenga-Etego S, Owusu-Agyei S, Hurt LS. Effect
of early infant feeding practices on infection-specific neonatal mortality: an
investigation of the causal links with observational data from rural Ghana.
Am J Clin Nutr. 2007;86(4):1126–31.

39. Dieterich CM, Felice JP, O’Sullivan E, Rasmussen KM. Breastfeeding and health
outcomes for the mother-infant dyad. Pediatr Clin N Am. 2013;60(1):31.

40. Mullany LC, Katz J, Li YM, Khatry SK, LeClerq SC, Darmstadt GL, Tielsch JM.
Breast-feeding patterns, time to initiation, and mortality risk among
newborns in southern Nepal. J Nutr. 2008;138(3):599–603.

41. Verma J, Anand S, Kapoor N, Gedam S, Patel U. Neonatal outcome in new-
borns admitted in NICU of tertiary care hospital in Central India: a 5-year
study. Int J Contemp Pediatr. 2018.

42. Basiri B, Ashari FE, Shokouhi M, Sabzehei MK. Neonatal mortality and its
main determinants in premature infants hospitalized in neonatal intensive
care unit in Fatemieh hospital, Hamadan, Iran. J Compr Pediatr. 2015;6(3).

Alebel et al. BMC Pediatrics           (2020) 20:72 Page 10 of 11

http://www.who.int/pmnch/media/press_materials/fs/fs_newborndealth_illness/en/
http://www.who.int/pmnch/media/press_materials/fs/fs_newborndealth_illness/en/
https://www.unicef.org/media/files/IGME_Report_Final2.pdf
https://www.unicef.org/media/files/IGME_Report_Final2.pdf
http://www.who.int/gho/child_health/mortality/en/
http://www.who.int/gho/child_health/mortality/en/
https://www.unicef.org/media/files/2013_IGME_child_mortality_Report.pdf
https://www.unicef.org/media/files/2013_IGME_child_mortality_Report.pdf
https://dhsprogram.com/pubs/pdf/PR81/PR81.pdf
http://www.un.org/millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20%28July%201%29.pdf
http://www.un.org/millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20%28July%201%29.pdf
https://www.unicef.org/ethiopia/Child_Survival_Strategy.pdf
https://www.unicef.org/ethiopia/Child_Survival_Strategy.pdf
http://www.who.int/mediacentre/factsheets/fs178/en/


43. Mbawala GB, Fredrick F, Kamugisha E, Konje E, Hokororo A. Factors
associated with mortality among premature babies admitted at Bugando
medical Centre, Mwanza-Tanzania. East Afr J Public Health. 2014;11(1):641–5.

44. TGd O, Freire PV, Moreira FT, JdSBd M, Arrelaro RC, Rossi S, Ricardi VA,
Juliano Y, Novo NF, JRD B. Apgar score and neonatal mortality in a hospital
located in the southern area of São Paulo City, Brazil. Einstein (São Paulo).
2012;10(1):22–8.

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

Alebel et al. BMC Pediatrics           (2020) 20:72 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Objectives

	Methods
	Study design and setting
	Population
	Sample size determination and sampling procedure
	Variables of the study
	Operational definitions
	Event
	Early neonatal mortality
	Late neonatal mortality rate
	Censored

	Data collection procedures and quality control
	Statistical analysis

	Results
	Sociodemographic characteristics of the study participants
	Maternal obstetric and health service-related characteristics
	Neonatal related characteristics
	Incidence of neonatal mortality
	Predictors of neonatal mortality

	Discussion
	Limitations and strengths of the study

	Conclusion
	Abbreviations
	Acknowledgments
	Availability of data and material
	Authors’ contribution
	Funding
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

