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Background: According to the World health organization, neonatal mortality
is defined as the death of babies within the first 28 days of their lives. The
newborn period is the most vulnerable period for a child’s survival, with the
bulk of neonatal deaths occurring on the first day and week. According to a
recent study, about a third of all newborn deaths occur within the first day of
life, and nearly three-quarters occur within the first week. This study aimed to
assess the determinants of neonatal mortality among neonates admitted to the
neonatal intensive care unit in Dessie comprehensive and specialized hospital,
northeast Ethiopia.

Methodology: Health institution-based unmatched case-control study
was conducted among neonates admitted to Dessie comprehensive and
specialized hospital, Ethiopia from February 01 up to March 30, 2020. After
keeping cases and controls in separate frames, study participants were chosen
using a simple random sampling procedure until the sample size was met. Epi
data version 7.0 and SPSS version 25 were used for data entry and analysis
respectively. P < 0.05 was used as a cut point of statistical significance in
multivariable binary logistic regression.

Results: A total of 698 (233 cases and 465 controls) participated in the study.
Pregnancy induced hypertension (AOR = 3.02; 95% Cl; 1.47-6.17), public
hospital delivery (AOR = 3.44; 95% Cl; 1.84-6.42), prematurity (AOR = 2.06;
95% ClI; 1.43-2.96), being referred (AOR = 4.71; 95% ClI; 3.01-7.39), and
hypothermia (AOR = 2.44; 95% Cl; 1.56-3.82) were determinant factors of
neonatal mortality.
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Conclusion:

10.3389/fpubh.2022.979402

Pregnancy-induced hypertension, public hospital delivery,

prematurity, referral, and hypothermia were found to be the determinant
factors of neonatal mortality. It would be important to give due attention
to neonates delivered from mothers with a history of hypertensive disorder.
Besides better to give due attention to neonates delivered in public health
institutions, prematurely delivered, referred, and hypothermic neonates.
Lastly, further research should be conducted to investigate the additional
determinants of neonatal mortality.
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Introduction

According to the World Health Organization, neonatal
mortality is defined as the death of babies within the first
28 days of their lives (WHO) (1). Very early, early, and late
newborn mortality are the three types of neonatal mortality. The
deaths that occur on the first day of life and within the first
7 days of life are referred to as very early and early neonatal
mortalities. Late neonatal mortality is defined as deaths that
occur after the seventh day but before the 28th day of life
(1, 2). The newborn period is the most vulnerable period for
a childs survival, with the bulk of neonatal deaths occurring
on the first day and week, with around one million dying
on the first day and over one million dying within the next
6 days (3). The number of neonatal deaths per 1,000 live
births in a given year is known as the neonatal mortality
rate (NMR), and it is one of the most sensitive indicators
of a community’s socioeconomic condition, as well as the
availability and accessibility of health care services in the
country (1, 4).

On a global scale, 2.4 million newborn deaths occurred
in the first 28 days, with around 6,700 deaths every
day in 2019 (3). According to a recent study, about a
third of all newborn deaths occur within the first day
of life, and nearly three-quarters occur within the first
week (3).

Almost all newborn deaths occurred in developing
nations, and the neonatal period is the most dangerous
time for a child under the age of five (5). Six of the 12
nations that accounted for two-thirds of all live-born deaths

Abbreviations: ANC, Antenatal Care; AOR, Adjusted odds ratio; Cl,
Confidence interval; EDHS, Ethiopian Demographic and Health Survey;
LBW, Low birth weight; MAS, Meconium aspiration syndrome; NICU,
Neonatal intensive care unit; NM, Neonatal mortality; NMR, Neonatal
mortality rate; OR, Odds ratio; RDS, Respiratory distress syndrome;
SDG, Sustainable development goal; SPSS, Statistical package for social

science; WHO, World health organization.
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worldwide were in sub-Saharan Africa, and they accounted
for around 60% of all neonatal deaths (5, 6).In Ethiopia,
over 87,000 newborns die within the first 28 days of life,
making it one of the world’s highest rates of neonatal
mortality (7).

Similarly, neonatal death rates climbed from 29 per
1,000 live births in the Ethiopian demographic health survey
(EDHS2016) to 30 per 1,000 live births in the Ethiopian mini
demographic health survey (EMDHS 2019) report (8, 9). Goal
three of the Sustainable Development Goals (SDG) to end
unnecessary death and disability includes reducing newborn
mortality (10).

Over the last few decades, considerable progress has been
made in reducing newborn death by adopting favorable health
policies and allocating adequate resources to accelerate the
accomplishment of neonatal survival goals (11-13). In Ethiopia,
the integration of reproductive, maternal, newborn, and child
health (RMNCH), policy formation, strong leadership, and
cooperation, as well as evidence-based interventions, lowered
infant death from 49 to 40% Worldwide in 2016 (14).
Furthermore, since 2014, a standard neonatal care procedure
has been implemented (15) and in Ethiopia, free maternity
and neonatal health services were a huge help in lowering
neonatal mortality (16). Even though those trials have lowered
newborn mortality in several countries (17), Ethiopia’s progress
was slow, and it fell well short of the UN’s ambitious aim
of avoiding unnecessary infant deaths and lowering neonatal
mortality to 12 per 1,000 live births in every nation by
2030 (8, 9, 18).

The majority of neonatal mortality is caused by preventable
and treatable conditions such as diarrhea, pneumonia, sepsis,
asphyxia, and preterm, all of which can be avoided by
employing basic mother and child health care services (19, 20).
Maternal variables such as antepartum hemorrhage, pregnancy-
induced hypertension, and other medical/surgical disorders
were linked to early infant death, according to another study
(21). Low birth weight (LBW), very low birth weight (VLBW),
extreme low birth weight (ELBW), and preterm birth are
other neonatal and intrapartum concerns to consider (8, 9,
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22, 23), prolonged rupture of membrane, mal-presentation
(dystocia), home delivery, and instrument delivery (8, 24-26)
were positively associated with neonatal mortality. The Amhara
region in Ethiopia has the highest infant mortality rate (47/1,000
live births) (8) and the deaths in the NICU were found to be
common (23.1%) (27). As a result, determining the determinant
variables of newborn mortality is evidence for inventions and a
necessary step in reducing the burden of neonatal deaths (4, 28).
Despite the seriousness of the situation, there are inadequacies
in research on newborn mortality that has been undertaken
in Ethiopia, according to our understanding. As a result, we
conducted a case-control study to determine the determinants
of neonatal death among neonates hospitalized in the neonatal
critical care unit at Dessie Comprehensive Specialized Hospital
in Northeast Ethiopia.

Methods

Study area and period

From February 01 up to March 30, 2020, the research was
carried out at Dessie Comprehensive and Specialized Hospital.
Dessie is the capital city of the South Wollo Zone and is
located 401 kilometers from Ethiopia’s capital, Addis Ababa. The
hospital is one of Ethiopia’s Comprehensive Specialized Level
Hospitals, serving more than 8 million people in Northeast
Ethiopia. Since September 2012, it has provided neonatal
intensive care unit (NICU) services and currently, the facility
is divided into three sections: Kangaroo Mother Care (KMC),
term, and preterm. The facility has 37 beds, five phototherapy
machines, five incubators, 12 radiant warmers, four heaters,
three mechanical ventilators, three oxygen concentrators, and
11 oxygen cylinders filled every 15 days. Continuous positive
airway pressure (CPAP) was also made with locally available
items such as a Ringer’s lactated solution bag, tap water, and an
oxygen cylinder.

Population

Source population

All neonates, admitted to the NICU of Dessie
Comprehensive  and  Specialized  Hospital, were a
source population.

Study population
Case

All neonates, those were admitted to the NICU

of Dessie comprehensive and  specialized hospital

and had a death summary from February 01 up to
March 30, 2020.
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Control

All neonates admitted to NICU of Dessie
comprehensive and specialized hospital, who
were discharged alive from February 01 up to

March 30, 2020.

Sample size determination and sampling
method

Sample size determination

The sample size for an unmatched case-control study
was estimated using Epi data software version 7.0 under the
assumption of a double population proportion formula, taking
into account the following parameters: The maximum sample
size was obtained by using low birth weight (LBW) as a
determinant factor from a previous study conducted in Adama,
Ethiopia, where the proportion of exposure among cases was
60% and among controls was 36% with an odds ratio of 1.6 and
different sample sizes were produced from previously identified
determinants of neonatal mortality (19). Based on the provided
data, the maximum final sample size was 698 (233 cases and
465 controls).

Sampling technique

A registration book from a neonatal intensive care unit
(NICU) was used to select study participants. Then, after
keeping cases and controls in separate frames, the final research
participants were chosen using a simple random sampling
procedure from a list of case and control groups received from
the registration book until the sample size was met. Two controls
were randomly selected from the frame of the register for each
case using a computer-generated random sampling approach,
and this procedure was repeated until the needed sample size
was reached Figure 1.

Study variable

Dependent variable
Neonatal mortality.

Independent variable

Maternal characteristics: Age, parity, antenatal care visit,
pregnancy and delivery complications such as pregnancy-
induced hypertension, antepartum hemorrhage, preterm
rupture membrane, and site and mode of delivery are all factors
to consider.

Neonatal characteristics include gestational age at birth,
weight, birth type, breastfeeding within 1h of birth, referred

neonate, referral location, the temperature at admission time,
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Dessie comprehensive and specialized hospital
(3240 total neonates admitted to NICU for the
past one year)

Identifying cases and control

A 4

using registration book

By Simple random sampling

2906 total neonates
334 total neonatal .
death improved and
caths (cases) discharge (control)
233 neonates 465 neonates
(cases) (controls)

~. -

698 neonates

FIGURE 1

February 1/2020 to March 30/2020.

A diagram of the sampling technique among NICU admitted newborns in Dessie Comprehensive and Specialized Hospital was presented from

and cause for NICU hospitalization [congenital anomaly,
asphyxia, sepsis, jaundice, respiratory distress syndrome (RDS),
meconium aspiration syndrome (MAS)].

Data collection procedure

Data were collected through chart reviews using a
pre-tested checklist adapted from kinds of literature (29-
32). The checklist includes three sections; maternal-related
characteristics, and neonatal-related variables. The data were
collected by a five-degree pharmacy using an English version
checklist under strict daily supervision. The supervision
was done by the Principal investigator and one M.Sc.
Midwife Supervisor.

Data quality control

Before being utilized to collect the real data, the checklist
was converted to English language and pretested on 35
neonates at Dessie comprehensive and specialized hospital.
Data collectors and supervisors received a 1-day training
session on the data collection tool and procedure. During data
collection, the questionnaires were given codes. The principal
investigator and supervisor kept a close eye on the data to
ensure that it was complete and consistent during the data
collection period.
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Data analysis

Data were cleaned, coded, and put into Epi data version 7.0
before being exported to SPSS version 25. For the cases and
controls, summary statistics such as median and Interquartile
Range (IQR) were calculated. The independent variables were
compared between cases and controls in a cross-tabulation.
Then, to analyze the crude relationship between the independent
and outcome variables, bivariable binary logistic regression was
used. To analyze the net effect by controlling confounders,
factors having a P < 0.25 in bivariable binary logistic regression
were put into a multivariable binary logistic regression. In
multivariable binary logistic regression, factors with a p <
0.05 were considered statistically significant determinants of
Neonatal Mortality.

Results

Maternal and neonatal characteristics

A total of 233 cases and 465 controls were included in this
investigation. Approximately (84.1%) of cases and (85.6%) of
controls were delivered by women aged 20-34. The majority
of mothers in both cases (98.3%) and controls (97.2%) had an
antenatal care (ANC) visit. Premature rupture of membrane
occurred in about (11.6%) of cases and (7.5%) of controls.
More than half of the cases (53.6%) and controls (57.8%) were
delivered naturally through the vaginal canal. Preterm newborns
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made up around half of the cases (51%) and roughly (27.5%)
of the controls. Low birth weight was seen in more than half of
the cases (54.9%) and 151 (32.5%) of the controls. The majority
of cases (85.4%) and controls (82.6%) were singleton births.
Hypothermia affected more than half of the cases (77.3%) and
270 (58.1%) of the controls. About (16.7%) of cases and (13.3%)
of controls had asphyxia. Respiratory distress syndromes (RDS)
were found in less than half of the cases (33.5%) and 103 (22.2%)
of the controls (Table 1).

Determinants of neonatal mortality

In bivariable binary logistic regression analyses variables
such as neonates delivered from mothers who had a history of
the premature rupture of membrane and pregnancy-induced
hypertension, place of delivery, mode of delivery, gestational
age, birth weight, referred neonates, Breastfeeding initiation
time, presence of hypothermia, asphyxia and respiratory
distress syndrome (RDS) were significantly associated
with neonatal mortality. After controlling for potential
confounders on multivariable binary logistic regression analysis;
neonates delivered from mothers who had pregnancy-induced
hypertension, Place of delivery, prematurity, referred neonates,
and presence of hypothermia were identified as determinant
factors of neonatal mortality. Accordingly, neonates delivered
from mothers who had pregnancy-induced hypertension
were almost 3 times more likely to face neonatal mortality
compared to neonates who were delivered from mothers who
had no pregnancy-induced hypertension (AOR = 3.02; 95%
CI; 1.47-6.17). Neonates delivered at the public hospital were
almost 3 times higher odds of neonatal mortality as compared to
neonates who were delivered at private hospitals (AOR = 3.44;
95% CI; 1.84-6.42). Preterm babies were 2 times more prone to
neonatal mortality than those term babies (AOR = 2.06; 95%
CI; 1.43-2.96). Referred neonates were almost 5 times at higher
odds of neonatal mortality as compared to neonates who were
not referred (AOR = 4.71; 95% CI; 3.01-7.39). The odds of
neonatal mortality among hypothermic newborns were 2 times
higher as compared to non-hypothermic newborns (AOR =
2.44; 95% CI; 1.56-3.82) (Table 2).

Discussions

Although the reason for neonatal mortality is unknown, it
is a multifaceted issue. This study looked at some of the key
factors that influence neonatal mortality in neonates admitted
to Dessie’s comprehensive and specialized hospital’s NICU.
According to the findings, neonates born to women with
pregnancy-induced hypertension, place of delivery, preterm,
referral, and hypothermia were all factors that contributed to
neonatal mortality. The odds of neonatal death were three
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TABLE 1 Maternal and neonatal related factors for neonates admitted
to neonatal intensive care unit of Dessie comprehensive and
specialized hospital, Northeast Ethiopia, 2020 (n = 698).

Variables Neonatal mortality
Cases Controls
(n=233) (n = 465)
N (%) N (%)

Age of the mother (in years)

<20 11 (4.7) 18 (3.9)

20-34 196 (84.1) 398 (85.6)

>34 26 (11.2) 49 (10.5)
Parity

Prim Para 131 (56.2) 270 (58.1)

Multi Para 89 (38.2) 175 (37.6)

Grand multi Para 13 (5.6) 20 (4.3)
ANC Visit

Yes 229 (98.3) 452 (97.2)

No 4(1.7) 13 (2.0)
PROM

Yes 27 (11.6) 35(7.5)

No 206 (88.4) 430 (92.5)
Antepartum Hemorrhage

Yes 45(19.3) 96 (20.6)

No 188 (80.7) 369 (79.4)
Hypertensive disorder

Yes 22(9.4) 15 (3.4)

No 211 (90.6) 449 (96.6)
Place of delivery

Home 6 (2.6) 6(1.3)

Health Center 46 (19.7) 107 (23.0)

Public Hospital 157 (67.4) 299 (64.3)

Private 24(10.3) 53 (11.4)
Mode of delivery

SVD 125 (53.6) 269 (57.8)

C/S 72 (30.9) 119 (25.6)

Instrumental 36 (15.5) 77 (16.6)
GA/weeks

<37 119 (51.1) 128 (27.5)

>37 114 (48.9) 337 (72.5)
Birth weight

<2,500 128 (54.9) 151 (32.5)

>2,500 105 (45.1) 314 (67.5)
Type of birth

Single 199 (85.4) 384 (82.6)

Multiple 34 (14.6) 81(17.4)
Referred neonate

Yes 160 (68.7) 228 (49.0)

No 73 (31.3) 237 (51.0)
Place of referral (n = 388)

Public Hospital 85 (53.1) 63 (27.6)

(Continued)
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TABLE 1 (Continued)

Variables Neonatal mortality
Cases Controls
(n=233) (n = 465)
N (%) N (%)

Health center 52 (32.5) 112 (49.1)

Private 23 (14.4) 53 (23.2)
Breastfeed within 1 h

Yes 71 (30.5) 168 (36.1)

No 162 (69.5) 297 (63.9)
Temperature/in degrees Celsius

<365 180 (77.3) 270 (58.1)

36.5-37.5 38 (16.3) 155 (33.3)

>37.5 15 (6.4) 40 (8.6)
Asphyxia

Yes 39 (16.7) 62 (13.3)

No 194 (83.3) 403 (86.7)
Jaundice

Yes 7(3.0) 14 (3.0)

No 226 (97.0) 451 (97.0)
Congenital anomaly

Yes 5(2.1) 11 (2.4)

No 228 (97.9) 454 (97.6)
Sepsis

Yes 28 (12.0) 58 (12.5)

No 205 (88.0) 407 (87.5)
Respiratory distress

Yes 78 (33.5) 103 (22.2)

No 155 (66.5) 362 (77.8)
MAS

Yes 50 (21.5) 87(18.7)

No 183 (78.5) 378 (81.3)

times more likely among neonates delivered from mothers who
had pregnancy-induced hypertension in comparison to their
counterparts. This finding was consistent with the results of a
study conducted in the Netherlands and two studies in Ethiopia
(33-35). Maternal hypertensive disorders during the pregnancy
increase the risk of low birth weight, low 1st minute Apgar
score, respiratory distress syndrome, and preterm birth which
were the leading cause of neonatal mortality (33). Another
piece of evidence indicated that small size neonates were highly
susceptible to different infections due to having low immunity
defense (33).

Neonates delivered at public health institutions had three
times higher odds of neonatal mortality as compared to neonates
who were delivered at private health institutions. This result was
in line with the results of the study conducted in Australia (36).
This might be because of the high coverage of birth in public
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health institutions as compared to private health institutions. On
and another hand delay in the decision to seek care, delay in
reaching care, and delay in receiving adequate health care for
new babies by the doctor in governmental health institutions
since they are engaged with various private institutions for
pecuniary benefits and hand over the duty to new untrained
doctors and other health care professionals. The odds of
neonatal death were two times higher among preterm-delivered
neonates as compared to term-delivered neonates. This finding
is consistent with a study conducted in Brazil, Kenya, and four
studies in Ethiopia (24, 31, 32, 34, 37-39). Prematurity is related
to difficulty in extra uterine adaptation due to the immaturity
of different organ systems (39). The supply of oxygen through
the placenta increases with the course of gestation according to
the fetal needs (40, 41). Premature birth interrupts this process,
exposing the newborn to oxygen deprivation, which can be
harmful to the tissues, especially the nervous system, increasing
the risk of cerebral palsy, visual disturbances, and chronic
disease in adulthood (42). Another piece of evidence indicated
that preterm and low birth weight babies were more likely
to be prone to complications such as hypothermia, infections,
and birth asphyxia (resulting in tissue hypoxia and multi-organ
failure) (31).

The odds of neonatal mortality among referred neonates
were almost five times higher compared to neonates who were
not referred. This finding was similar to the results of a study
done in India, a low resource setting, and Ethiopia (43-45).
This might be due to delays in deciding to seek care, delay
in reaching a first referral level facility, and delay in actually
receiving care after arriving at the facility. Another piece of
evidence indicated that lack of well-equipped infrastructure to
respond to a crisis, non-availability of obstetric emergency care,
and lack of transportation facilities to deal with emergency cases
add to the loss of lives (46). The odds of neonatal death among
hypothermia neonates were almost five times higher compared
to neonates who had normal body temperature. This finding was
similar to the results of a study conducted in India, Ethiopia
south Nepal (43, 47, 48). This can be justified by neonates who
are in a hypothermic state may be more prone to different
infections and are more likely to become septic and die when
compared to neonates with normal body temperatures (49).

Limitations

Our study didn’t include other maternal socio-demographic
the
received, the history of preterm birth before the delivery

characteristics such as number of prenatal care

of the current newborn, and type of birth attendant
(Physician, Midwife, and Nurse) and social determinants
except for maternal age. Besides, professional-related
factors were not incorporated in this study due to the

COVID-19 endemic.
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TABLE 2 Determinants of neonatal mortality among neonates admitted to neonatal intensive care unit of Dessie comprehensive and specialized
hospital, northeast Ethiopia, 2020 (n = 698).

Variables Neonatal mortality COR (95%CI) AOR (95% CI)
Cases (n = 233) Controls (n = 465)
N (%) N (%)
PROM
Yes 27 (11.6) 35 (7.5) 1.61 (0.95-2.73)
No 206 (88.4) 430 (92.5) 1
Hypertensive disorder
Yes 22(9.4) 16 (3.4) 2.92 (1.50-5.68) 3.02 (1.47-6.17)*
No 211 (90.6) 449 (96.6) 1 1
Place of delivery
Home 6(2.6) 6(1.3) 2.20 (0.64-7.55) 1.97 (0.54-7.18)
Health center 46 (19.7) 107 (23.0) 0.94 (0.52-1.72) 1.12 (0.60-2.11)
Public hospital 157 (67.4) 299 (64.3) 1.16 (0.69-1.95) 3.44 (1.84-6.42)**
Private 24 (10.3) 53 (11.4) 1 1
Mode of delivery
SVD 125 (53.6) 269 (57.8) 1
C/S 72 (30.9) 119 (25.6) 1.30 (0.91-1.87)
Instrumental delivery 77 (16.6) 36 (15.5) 1.01 (0.64-1.58)
GA
<37 119 (51.1) 128 (27.5) 2.75 (1.98-3.81) 2.06 (1.43-2.96)*
>37 114 (48.9) 337 (72.5) 1 1
Birth weight
<2,500 128 (54.9) 151 (32.5) 2.53 (1.83-3.50)
>2,500 105 (45.1) 314 (67.5) 1
Referred neonate
Yes 160 (68.7) 228 (49.0) 2.28 (1.63-3.17) 4.71 (3.01-7.39)**
No 73 (31.3) 237 (51.0) 1 1
Breastfed within 1 h
Yes 71 (30.5) 168 (36.1) 1
No 162 (69.5) 297 (63.9) 1.29 (0.92-1.81)
Temperature at admission
<365 180 (77.3) 270 (58.1) 2.72 (1.82-4.06) 2.44 (1.56-3.82)*
36.5-37.5 38 (16.3) 155 (33.3) 1 1
>375 15 (6.4) 40 (8.6) 1.53 (0.76-3.05) 1.04 (0.49-2.19)
Asphyxia
Yes 39 (16.7) 62(13.3) 1.31 (0.84-2.02)
No 194 (83.3) 403 (86.7) 1
RDS
Yes 78 (33.5) 103 (22.2) 1.77 (1.25-2.51)
No 155 (66.5) 362 (77.8) 1

*p < 0.05**p < 0.001; 1, Reference; AOR, Adjusted Odd Ratio, CI, Confidence Interval; COR, crude odds ratio.

Conclusion and recommendation

Neonates delivered from mothers who had a history of
pregnancy-induced hypertension, neonates delivered in Public
hospitals, being prematurity, being referred and Hypothermia
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among NICU admitted neonates. It would be important to give
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due attention to neonates delivered from mothers with a history
of hypertensive disorder. Besides better to give due attention
to neonates delivered in public health institutions, prematurely
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delivered, referred, and hypothermic neonates. Lastly, further
research should be conducted to investigate the additional
determinants of neonatal mortality.
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