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Abstract

Background: Neonatal mortality accounts for an estimated 2.8 million deaths worldwide, which constitutes 44 % of
under-5-mortality and 60 % of infant mortality. Neonatal mortality predictors vary by country with the availability
and quality of health care. Therefore, aim of this study was to estimate survival time and identify predictors of
neonatal mortality in Tigray region, northern Ethiopia.

Method: A prospective cohort study design was carried out among a cohort of neonates delivered in seven
hospitals of Tigray from April to July, 2014 and followed up for a total of 28 days. Data were collected by
interviewing mothers using structured questionnaires and assessments of the neonate and mothers by midwives.
Kaplan-Meier, Log rank test and Cox-proportional hazard regressions were used. STATA V-11 program was used for
data entry, cleaning and analysis.

Results: From 1152 neonates, 68 died (neonatal mortality rate 62.5/1000 live births), 73.52 % of the neonates died
within 7 days, 60 were lost to follow-up and the percentage of survival at 28 days was 93.96 % (95 % CI: 92.4, 95.
2 %). Predictors of neonatal mortality were: normal birth weight (AHR: 0.45, 95 % CI: 0.24, 0.84), not initiating
exclusive breastfeeding (AHR: 7.5, 95 % CI: 3.77, 15.05), neonatal complications (AHR: 0.14, 95 % CI 0.07, 0.29),
maternal complications (AHR: 0.37, 95 % CI: 0.22, 0.63) and proximity (AHR: 2.5, 95 % CI: 1.29, 4.91).

Conclusion: Neonatal mortality is unacceptably very high. Managing complications and low birth weight, initiating
exclusive breast feeding, improving quality of services and ensuring a continuum of care are recommended to
increase survival of neonates.
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Background
Neonatal mortality (NM) accounts for an estimated 2.8
million deaths worldwide [1], which constitute 44 % of
child mortality and over 60 % of infant mortality [1, 2].
Most of these (99 %) arise in low-income and middle-
income countries [3]. Hence, special endeavors should
be undertaken to reduce the proportion of NM in
under-five mortality (U5M). Sub-Saharan Africa carries
the highest NM in the world and made the lowest pro-
gress in reducing NM [1, 2]. In Ethiopia, the proportion
of NM in U5M became 42 % in 2011 [4]. A recent
report in 2014 indicates that Ethiopia has achieved

Millennium Development Goal-4 in 2012 [1] and an in-
creasing number of the remaining child mortalities are
attributed to NM intrinsically linked to maternal health
and nutrition [5]. Ethiopia’s achievements have been
attributed to the country community-based health pro-
motion and disease prevention strategies [6]. In addition,
for years, Ethiopia has been implementing integrated
services of Emergency Obstetric and Newborn Care to
improve neonatal and maternal care [7, 8] and to reduce
neonatal deaths. Ethiopia neonatal mortality rate (NMR)
in 2011 was 37/1000 [4, 9] and this rate varies by region
from 21–62/1000 live births. The Tigray region (in
which the study was conducted) NMR was 44/1000 [4].
High maternal and neonatal mortality and still birth

often occur because of inadequate care during pregnancy
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and childbirth. Hence, these deaths are considered as
sensitive indicators of the quality of the healthcare system
in the area [10]. One-third to half of NM occurred
within 24-h and 75 % occurred in the first week of
life [1, 3, 11, 12] because of complications during
pregnancy and childbirth [1–3]. Many studies have re-
vealed NM is influenced by multiple factors [3, 13–16].
Previous reports in Ethiopia showed the causes of NM as
sepsis, asphyxia, birth injury, tetanus, preterm birth, con-
genital malformations and unknown causes [17]. However,
these reports are either hospital based secondary records
[18] or retrospective household surveys [4].
Furthermore, causes of NM vary by country and

region with the availability and quality of health care,
therefore, understanding NM in relation to these factors
is crucial [3, 19, 20]. This is because there are highly
feasible and cost-effective interventions that could avert
NM up to 72 %, and this can only be achieved if coun-
tries adopt locally relevant and focused interventions
that are guided by evidence [1, 3]. Considering the
paucity of reliable and documented evidence on NM in
the study region, Tigray, we aimed at clearly identifying
predictors and estimating survival time of neonates de-
livered in hospitals of Tigray region, which have access
to skilled birth and obstetric care. This included all
proximate and distal determinants of NM and following
up prospectively from birth up to 28 days.

Methods
Study design, setting and population
A prospective cohort study was conducted among a co-
hort of neonates delivered between April 2014 and July
2014 in randomly selected seven hospitals of Tigray
region, which is one of the nine administrative Federal
regions of Ethiopia. Tigray region has an estimated total
population of 4,565,000, (2,314,000 women and
2,251,000 men). The Ethiopian health care has a decen-
tralized four-tier system of primary, district, zonal and
specialized hospitals. The primary care includes rural
health posts, nested into health centers serving 25,000
populations. District hospitals form the tiers expected to
serve 250,000 catchment populations. Zonal and special-
ized hospital serves 500,000 and 5,000,000 populations
respectively. In Tigray region, one of the 11 administra-
tive states in Ethiopia, has a total of 15 public hospitals;
6 zonal, 1 specialized hospitals, and the remaining 8 in
the district and primary health care category. All hospi-
tals provide maternal and newborn services including
delivery services free of charge. Seven hospitals were
randomly selected from the 15 hospitals of the region by
lottery method [21]. All mothers who gave a live birth in
the study hospitals came from the entire region were
included in this study and followed up for a total of
28 days.

Inclusion and exclusion criteria
Mothers with their Neonates, who gave live birth in the
study hospitals or admitted within six hours, from
April -July, 2014 were included in the study. Mothers
who were unable to speak and mothers with psychiatric
illnesses were excluded from the study.

Sample size
The sample size was 1162 neonates, which were deter-
mined by using STATA statistical package, Version 11.0.
Based on the assumptions of 2.19 hazard-ratio [22]
associated preceding birth of the mother, there was a
variability of 0.5, probability of death 0.044 [4], 5 % mar-
ginal error and 95 % confidence interval of certainty to
have a power of 80 %. It was assumed that no subjects
were anticipated to withdraw from the follow-up.

Data collection, participants, recruitment and follow-up
Data were collected prospectively using pre-tested struc-
tured questionnaires and using a checklist for data that
were collected from assessments of the neonate and
mother. The questionnaire was derived from related
literatures and WHO standard verbal autopsy question-
naires [23]. The questionnaire was initially developed in
English and translated into local language, Tigrigna. Two
midwives, with a qualification of university degree and
can speak the local language from each hospital were re-
cruited for data collection. The data collectors had been
collecting information by interviewing all mothers who
delivered a live birth at the selected hospitals within the
first 6-h after delivery. Besides, the clinical information
was extracted by assessment of the neonate and mother.
Mothers and live births were followed for 28 days, using
three alternatives. The data collector visited the neonate
daily, while he/she was in the hospital. After the mother
was discharged; the data collector met the mother every
7-days either using a phone call or by creating liaison
with a health extension worker and inquired about the
neonatal condition and survival. Mothers who were not
at home during the scheduled visit were revisited. When
death occurred, the date and cause of death was re-
corded and probable cause of death was assigned after
agreement between midwives and physicians based on na-
tional guidelines [24] and the International classification
of disease [25]. The data that were collected prospectively
consisted of Time to death of neonates (Dependent vari-
able), and the socio-demographic, economical, neonatal,
and maternal and health service-related characteristics
(independent variables).

Definition and measurement of variables
The inclusion of variables was partly guided by the
Mosley and Chen conceptual framework [26] previously
used in similar studies with some modifications. The
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factors influencing NM were broadly categorized as
follows:

Distal (socioeconomic and demographic factors)
The variables assessed in this category were: monthly
reported income categorized into, low (<500 ETB),
medium (500–1500 ETB) and rich (>2000ETB), and resi-
dence classified into ‘rrban’/‘rural’. Age at first marriage
was measured in continuous scale yet for the sake of
analysis later it was categorized into below age of 18
(teenagers), ‘18 years and above’. Similarly, educational
status was first categorized in to ‘unable to read and
write’,’able to read and write but no formal education’,
‘1–4 grade’, ‘5–8 grade’, ‘9–12 grade’, ‘college and above’
but later during analysis considering the few number of
observations in the ‘able to read & write’ category, we
merged it into (unable to read & write with able to read
& write), and finally categorized into : ‘(unable to write
& read or no formal education)’, ‘primary education (1–8
grade)’, ‘secondary (9–12 grade)’ and ‘tertiary (college
and above grades)’.
Likewise, marital status was first categorized into mar-

ried (living together), single, widowed, divorced and sepa-
rated but later during analysis due to few observations, we
merged the categories other than the ‘married’ category in
to ‘others’. Occupation was classified based on the
mothers report into ‘house wife/farmer’, ‘own business’
‘government employee’ and ‘student’.

Proximal factors (maternal, neonatal and health service
related)
This category includes: Gestational age, which was mea-
sured by using last menstrual period and/or ultrasound.
Gestational age was categorized into preterm (<259 days),
term (259–293 days) and post term birth (> = 294 days) but
during analysis due to the few observations of post term
births coded with term birth. Birth weight was defined
according to the WHO classification as low birth weight
(<2500 gm); normal birth weight (> = 2500 and <4000 gm);
and macrosomia (> = 4000 gm) [27] but later during ana-
lysis, it was coded into low birth weight and normal birth
weight (> = 2500 gm) and it was measured using a standard
beam balance within six hours of delivery.
Body mass index (BMI), measured by a standard

height, weight measuring instrument found in the study
hospitals and was categorized into underweight (BMI
less than 18.5), normal (BMI 18.5–24.9), Overweight
(BMI ≥25.0). Weight for gestational age was categorized
according to WHO definitions into: ‘Large for gesta-
tional age’ was defined as a birth weight greater than the
90th percentile for age, ‘Small for gestational age’ birth
weights below the 10th percentile. ‘Appropriate for
gestational age’ defined as birth weight between the 90–
10th percentile [28]. The cut off points of weight for

gestational age was derived from Alexander et al. de-
scribed elsewhere [29] and adapted to our study with
some modifications.
In our study, fertility (no of children) defined as the ac-

tual production of live offspring excluding stillbirths, fetal
deaths and abortions. It was classified into primiparae
(only the current birth), 2–4 and multiparty (> = 5). But
parity was defined as the number of full term children
previously borne by a woman, excluding miscarriages or
abortions in early pregnancy, but in contrast to fertility it
includes stillbirths. It was categorized into ‘none’ ‘one’
‘two’ and ‘> = three’.
We defined gravidity as the number of pregnancies

(completed or incomplete) experienced by a woman in
contrast to fertility and gravidity it includes all pregnancies.
We categorized it into ‘no pregnancy’, ‘one pregnancy’, ‘two
pregnancy’ and ‘> = three pregnancy’.
Antenatal follow up was assessed by categorizing in to

‘Yes’, if the mother ever had at least one antenatal follow
up, ‘No’ if the mother never had antenatal follow up.
Diagnosed medical disease was assessed using, ‘Yes’ if

the mother had a medically known/diagnosed disease
such as HIV/AIDS, Hypertension, Diabetes mellitus,
epilepsy and ‘others’. ‘No’, if the mother did not have
medically diagnosed disease.
History abortion defined as mother history of abortion

either induced, spontaneous or self initiated abortion be-
fore the current birth. It was categorized into ‘Yes’/‘No’.
Induced abortion was defined as an abortion induced

medically by a health professional, but self induced
abortion was defined as abortion initiated by the women
without medical and legal indication. Spontaneous abor-
tion was defined as an abortion, which is neither medically
induced nor self initiated, but the fetus spontaneously
aborted itself. Similarly, history of still birth was catego-
rized into ‘Yes’ and ‘No’.
Place of birth (inborn or out born) was defined

‘Inborn’ if the neonate was delivered inside the study
hospitals, ‘out born’ if the neonate was delivered in
either health facility or home outside the study hospital.
We categorized into ‘Yes’ if inborn or ‘No’ if out born.
Place of death was defined as the place where the

neonate died after included in the study, which was
categorized into ‘hospital’ if the neonate died inside the
hospital where he/she delivered, ‘Home’ if he/she died
after discharged from the given hospital, ‘other health
facility’ if the neonate died in other health facility other
than the given hospital.
Birth type was initially categorized into ‘single’,

‘twin’, ‘triple and above’. Yet for the purpose of
analysis twin and triple birth were merged into
‘Multiple births’. Mothers who gave twin and triple
birth were counted separately for each birth for the
sake of analysis.
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Distance was recorded in continuous scale, but later cat-
egorized in to <5 km far from the nearest health facility,
5–10 km and > =10 km far from the nearest health facility.
Mode of delivery is classified into ‘spontaneous vaginal

delivery’, ‘operative (instrumental) vaginal delivery’ and
‘cesarean section’. Instrumental delivery was defined as
the application of either forceps or a vacuum device to
assist the mother in effecting vaginal delivery of a fetus.

Immediate (Intervention) factors
The variables considered in this category were:
Hypothermia in which it was classified according to
WHO recommendations into ‘Yes’ if body temperature
below the normal range (36.5 °C–37.5 °C), ‘No’ if it is
within the normal range and above [30].
Temperature control for the hypothermic neonates

categorized into: ‘Yes’ if the hypothermic neonate
temperature returns to normal after appropriate inter-
ventions was undertaken and ‘No’ if the hypothermic
neonate temperature is not returned to normal range
after the intervention. We did not consider this variable
in the Cox-regression model due to large missing values.
Exclusive breast feeding (EBF) (Yes/No): was defined

as feeding with only breast milk and nothing else, with

the exception of vitamin supplements and prescribed
medicines.
Maternal complication categorized into ‘yes’ or ‘No’,

which is considered present if the mother had an obstet-
ric hemorrhage, puerperal sepsis and pyrexia, prolonged
labor, eclampsia and preeclampsia, mal-presentation and
mal-position, premature rupture of membrane (PROM),
cord prolapse, obstructed labor, cephalopelvic dispropor-
tion (CPD), emergency cesarean section, and retained
placenta.
Neonatal complication is considered presented if the

neonate had asphyxia, prematurity, infection, hypothermia,
jaundice and other rare complications during birth.

Outcome variable
Early neonatal mortality rate (ENM) was defined as the
probability of dying before 7 completed days of life. Late
neonatal mortality rate (LNM) as the probability of
dying between 7 completed days and before 28 com-
pleted days; and overall NM was defined as death of a
newborn within 28 days of his/her birth. NMR was de-
fined as the number of deaths of neonates per 1000 live
births. NM was categorized into ‘Yes’ if the neonate died
‘No’ if the neonate censored.

Fig. 1 Flow diagram of the overall recruitment and follow up process of mothers and neonates in Tigray region, northern Ethiopia, April–July,
2014. In this figure Health extension worker (HEW) means a female completed 10th grade education and received one year training in providing
prevention services including breastfeeding, safe and clean delivery, basic antenatal and post-neonatal care. The topics include immunization,
family planning, and management of childhood illnesses. The HEWs serves communities in which they reside
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Censored births were the neonates who were alive at
the end of follow up, withdrawal and lost-to-follow-up.
Time-to-death was defined as death of a neonate at spe-
cific time (day) within the 28 days follow-up time.
The outcome of the follow up was categorized into

‘death’ if he/she died during follow up, ‘lost to follow up’
if the mother phone was not working, moves to another
area from the original place of residence and not met by
health extension worker. ‘Withdrawal’ if the mother re-
fuses the follow up due to inconvenience and ‘alive’ if
the neonate survival is assured by the data collector at
the last follow- up time.

Data management and analysis
Death of neonate was the event of interest and the cod-
ing were “1” for death and “0” for censored. Time-to-
death was calculated by subtracting the date of death
from birth.
Data was entered, cleaned, recoded and analyzed using

STATA version-11.1. For description, frequencies, per-
centages, and rates, Kaplan Meier curves were used to
estimate survival time. Log-rank test was used to look
statistical differences among/between the categories of
variables. To identify potential predictors of NM, Cox-
proportional hazard regression model was fitted by suc-
cessive stepwise backward elimination. Statistical signifi-
cance was declared at p-value <0.05. Confounding and
effect modification was checked by looking at regression
coefficient change if greater than or equal to 15 % and
multi-collinearity was checked using variance inflation
factor and value of <10 was used as a cutoff point, indi-
cating no colinearity.
Proportional hazard assumption was tested by using

covariate specific Proportional hazard assumption test.
Residuals were checked using goodness-of-fit test by
Cox Snell residuals.

Ethical clearance
Ethical clearance was obtained from Mekelle University,
College of Health Sciences Ethical review board. Permis-
sion letters were also sought from Tigray Regional Health
Bureau. Written Informed consent from the mother was
obtained after clear explanation of the purpose of the
study. Confidentiality and anonymity was maintained.

Results
Response rate and sociodemographic characteristics
Response was obtained from all participants (n = 1162),
however, ten (0.96 %) observations were excluded from
the analysis due to incompleteness (Fig. 1). Of these
(n = 1152) mothers, 1071 (92.97 %) were married, 368
(31.94 %) of the live births were from teenage
mothers (below the age of 18 years), nearly one third
361 (31.34 %) of the mothers had completed

secondary school and 373 (36.73 %) of the mothers
had a reported monthly income >1500 ETB (Table 1).

Maternal and pregnancy characteristics
Among the total mothers recruited into the study, 172
(14.9 %) of the mothers had previous history of abortion
and 91 (7.9 %) of the mothers had a history of stillbirth.
The mean and standard deviation of the current age of
mothers was 26.65 (sd = ± 5.4).
Regarding medically diagnosed diseases, 100 (8.7 %)

had medically known disease. Of these, hypertension
had highest prevalence 26 (26 %). But some mothers had
two medically diagnosed diseases at the same time, for
instance, both hypertension and HIV, for this reason the

Table 1 Socioeconomic and demographic characteristics of
mothers who gave live births in the randomly selected hospitals
of Tigray region, northern Ethiopia, April-July, 2014 (n = 1152)

Characteristics No. Percent

Hospital

Ayder Referral Hospital 139 12.1

Adwa Hospital 198 17.2

Lemlem Karl Hospital 147 12.8

Suhl Hospital 143 12.4

Kahsay Abera Hospital 102 8.8

Kidist maram Hospital 213 18.5

Adigrat Hospital 210 18.2

Age at marriage

< 18 year 68 31.9

≥ 18 year 784 68.1

Religion

Orthodox 1084 94.1

Other 68 5.9

Residence

Rural 397 34.5

Urban 755 65.5

Educational status

Unable to read 275 23.9

Primary 338 29.3

Secondary 361 31.3

Tertiary 178 15.5

Monthly income

Poor 327 32.19

Medium 316 31.1

Rich 373 36.71

Marital status

Married 1071 93.0

Other 81 7.0

Rich: ≥1500 Ethiopian birr (ETB), Medium: 600–1500 ETB, Poor: <600 ETB

Mengesha et al. BMC Pregnancy and Childbirth  (2016) 16:202 Page 5 of 13



Table 2 Characteristics of mothers who gave live births in the randomly selected hospitals of Tigray region, northern Ethiopia,
April -July, 2014 (n = 1152)

Characteristics No. Percent Characteristics No. Percent

Age at first birth Parity

< 20 year 382 33.3

20–24 year 551 47.9 None 561 48.7

> 24 year 216 18.8 One 147 12.8

Current age of mother Two 175 15.2

< 20 year 95 8.2 ≥ Three 269 23.3

20–24 year 328 28.5 History of abortion

25–34 year 590 57.2 Yes 172 14.9

≥ 35 year 139 12.1 No 980 85.1

Number of children Reason of abortion (n = 172)

Primiparae 610 53.0 Spontaneous 138 80.2

2–4 children 424 36.8 Self initiated 13 7.6

Multiple (≥5) 118 10.2 Induced 21 12.2

Birth type Number of abortion

Single 1057 91.7 One 147 85.5

Multipleb 95 8.3 Two 19 11.0

Gravidity ≥ Three 3.49 3.5

No pregnancy 475 41.2 History of still birth

One pregnancy 191 16.6 Yes 91 7.9

Two pregnancy 170 14.8 No 1061 92.1

≥ Three pregnancy 316 27.4 Number of still birth

Birth interval One 69 75.8

Not applicable 537 46.6 Two 19 20.9

< Two years 127 11.0 > Two 3 3.3

> Two years 488 42.4 Diagnosed disease

Ever use of FRa Yes 100 8.7

Yes 650 56.42 No 1052 91.3

No 502 43.58 Type of disease (n = 100)

Method used (n = 650) Hypertension 26 26

Oral 76 11.7 Hemorrhage 6 6

Implant 97 14.9 Other 68 68

Injection 461 70.8

Other 17 2.6

Rhesus immunization status Disease others (n = 73)

Positive 989 85.8 HIV 31 42.5

Negative 163 14.2 TB 7 9.6

Maternal complications Malaria 6 8.2

Other 29 39.7

Yes 221 19.2 Tetanus injection

No 930 80.8 Yes 998 86.6

Type of complicationc (n = 220) No 154 13.4

APH 22 10 Number of Tetanus injection
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‘disease others’ category instead of comprising 68
mothers, it became 73 mothers. It was due to 5 mothers
that had double burden of disease simultaneously
(Table 2).

Neonatal and health service characteristics
Regarding the neonatal characteristics, the female to
male ratio was 1:1.1. The mean and standard devi-
ation of birth weight and gestational age were 3058
(sd = ±588) and 273 (sd = ±14. 3) respectively. Of the
total, 1012 (87.8 %) neonates received EBF and 180
(15.6 %) were large for gestational age neonates. In our
study, only few 67 (5.8 %) neonates were outside the study
hospitals (out bearing). Among all respondents, 836
(76.3 %) of the mothers were living in <5 km distance to
the nearest health facility (Table 3).

Survival analysis and outcome of the follow up
Neonates were followed up for 27357.508 neonate-days.
In the study, 22.05 % of neonatal deaths occurred in the
first 24 hours, 47.0 % in the next 3 days and 73.5 % of
the neonatal deaths occurred within 7 days. The
remaining 26.5 % died in the next 14 days. The cumula-
tive survival rate of neonates at the end of the follow up
were 93.96 % (95 % CI: 92.38, 95.21) (Table 4 and Fig. 2).
Overall, in this study 68 (6.2 %) neonates died which
makes the NMR 62.5 per 1000 live births. At the end of

follow up, 1024 (88.9 %) were alive, 53 (4.6 %) lost to
follow up and 7 (0.6 %) were withdrawal (Fig. 1). The
leading cause of death were 23 (34 %) premature and
low birth weight and 21 (31 %) asphyxia, 8 (12 %) infec-
tions, 5 (7 %) congenital abnormality and 11 (16 %) died
due to other causes. One third (33 %) of the neonates
died at home after discharged from the respective hospi-
tals, while 44 (64.7 %) died in the study hospitals and 2
(2.9 %) died in other health facility.

Bivariate and multivariate analysis
The log rank test results showed that, survival pattern
or time to neonatal mortality has significantly varied
over the categories of: birth weight (X2 for Log rank
test =135.9, p = 0.00), place of residence (X2 = 13.1, P =
0.0003), number of children (X2 = 12.5, P = 0.0019), history
of stillbirth (X2 = 17.1, P = 0.00), history of abortion (x2 =
9.7, P = 0.0019), birth type (X2 = 29.1, P = 0.00), maternal
complication (X2 = 42.3, P = 0.00), EBF (X2 = 275.6, P =
0.00), neonatal complication (X2 = 316.1, P = 0.00), weight
for GA (X2 = 19.5, P = 0.00), hypothermic birth, 1 and
5 min Apgar score, length of neonate, birth defect, dis-
tance to nearest health facility, delivery assistance and
place of delivery (Table 5).
Multivariable analysis revealed that a neonate born

with normal birth weight (2500–3500 gm) had 55 %
lesser hazard of neonatal death compared to neonates
born with a birth weight of less than 2500 gm (low birth

Table 2 Characteristics of mothers who gave live births in the randomly selected hospitals of Tigray region, northern Ethiopia,
April -July, 2014 (n = 1152) (Continued)

PPH 30 13.6 One injection 93 9.3

PIH 24 10.9 ≥ Two injection 908 90.7

Prolonged/Obstruct 36 16.4 Mortality of older sibling

CPD 20 9.1 Yes 82 7.1

PROM 12 5.4 No 1070 92.9

Mal presentations 18 8.2 Assistance during delivery

Other 58 26.4 Midwife 830 72.1

Antenatal utilization Gyn/obstetrician 148 12.8

Yes 1131 98.2 Emergency Surgery 138 12.0

No 21 1.8 Other 36 3.1

Who attend Mode of delivery

Skilled worker 1096 96.9 Vaginal 846 73.4

Other 35 3.1 Cesarean section 241 20.9

No of antenatal utilization Instrumental 65 5.7

≥ 4 Visits 823 74.1

< 4 Visits 287 25.9
aFamily planning
bAll multiple births were counted separately
cAPH, Ante Partum Hemorrhage; PPH. Post partum Hemorrhage; PIH, Pregnancy induced hypertension; Gyn, Gynecologist; Obstruct, Obstructed labor; CPD, Cephalo
Pelvic Disproportion; PROM, Premature Rupture of Membrane; HIV, Human Immuno Deficiency virus; TB, Tuberculosis
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weight) (AHR:0.45, 95 % CI: 0.24, 0.84). Neonates who
were not initiated EBF had 7.5 times higher hazard of
death than neonates who were initiated EBF (AHR: 7.5,
95 % CI: 3.77, 15.60). Neonates born from mothers who
did not have complications were 63 % less likely to die

than neonates born from mother’s who had complica-
tions (AHR: 0.37, 95 % CI: 0.22, 0.63). Neonates born
from mothers residing in ≥10 km far from their nearest
health facility had 2.5 times higher to die than neonates
born from mothers residing within ≤5 km distance
(AHR: 2.5, 95 % CI: 1.29,4.91). Neonates who had no
complication after birth had 99.86 % lesser hazard of
death than who had the complication (AHR: 0.14, 95 %
CI: 0.07, 0.29) (Table 6).
No confounding, effect modification and multi-

collinearity were observed in this study. No covariates
violated the proportional-hazard assumption test. For
the residual test, it was possible to conclude that the
final model fits the data very well (Fig. 3).

Discussion
In this study, high NMR (62.5 per 1000 live births) was
observed, which is striking because the deaths happened
in hospitals where highly skilled birth attendants and
formal health care system are present. This rate is higher
than several studies conducted in Ethiopia and Africa
[9, 11, 14, 31–34] and the national NM, EDHS 2011
report [4]. The discrepancy could be explained in
terms of study design difference and the place where
information was gathered, in which most of the
mothers in our study and other hospital based studies
[35] probably came very late with serious obstetric
complications and may overestimate the community
NM. However this could also be due to actual differ-
ences in rate of NM. Regardless, our data provided
evidence as NM remains high in the study setting
and the reasons remain uncertain. It is also much
higher than the regional Health Management Infor-
mation System report, which had reported that 20
neonatal deaths within five months period [21]. This
can clearly show underreporting of neonatal mortal-
ities for retrospective surveys and misclassification of
stillbirths with ENM [3, 9]. This phenomenon is also
similar to studies conducted in urban Pakistan and
Africa, which showed a good access to health service
and attendance by a skilled health professional were
found to have high NM [36, 37], respectively. Hence,
in our study settings, services being rendered to
mothers and neonates seemed substandard, which is
unacceptable in areas where services are attended by
skilled birth attendants.
The incidence of ENM was higher than the LNM and

the overall incidence is almost two times higher than the
study findings of Butajira, Ethiopia [12]. This difference
might be attributable to actual high incidence of NM in
our study setting. It can also be because of the study
area in which the Butajira study was conducted in a
rural community, which was followed up for a longer

Table 3 Neonatal and health service related characteristics of
neonates delivered in randomly selected hospitals of Tigray
region, Northern Ethiopia, April-July, 2014 (n = 1152)

Characteristics No Percent Characteristics No Percent

Sex Apgar 5-min score

Male 610 52.9 Severe (≤3) 8 0.7

Female 542 47.1 Moderate (3–6) 45 4

Exclusive breast feed Normal (≥7) 1081 95.3

Yes 1012 87.8 Birth defect

No 140 12.2 Yes 14 1.2

Resuscitation No 1138 98.8

Yes 154 13.4 Neonatal length (n = 1126)

No 998 86.6 < 46 cm 151 13.4

Apgar 1-min score 46–56 cm 914 81.2

Severe (≤3) 19 1.7 > 56 cm 61 5.4

Moderate (3–6) 166 14.6 Birth weight

Normal (≥7) 950 83.7 < 2500 gm 121 10.5

Neonatal complications 2500–3500 853 74.3

Yes 126 10.9 > 3500 gm 175 15.2

No 1026 89.1 Gestational age

Temperature control (n = 61) Preterm 93 8.1

Yes 59 97 Term 1054 91.9

No 2 3 Weight for Gestational Age

Hypothermic Appropriate 846 73.5

Yes 61 5.3 SGA 125 10.9

No 1091 94.7 LGA 180 15.6

Neonate inborn or out born Distance

Yes 1085 94.2 ≤ 5 km 836 76.3

No 67 5.8 5–10 km 175 16.0

> 10 km 84 7.7

SGA small for gestational age, LGA large for gestational age, LBW low birth weight

Table 4 Survival analysis of neonates during follow up time in
the randomly selected hospitals of Tigray region, northern
Ethiopia, April-July, 2014 (n = 1152)

Interval Total Deaths Lost Survival probability % 95 % CI

0–1 day 1152 15 1 98.70 97.8, 99.2

1–7 day 1136 35 3 95.65 94.3, 96.7

7–14 1098 11 31 94.68 93.2, 95.8

14–12 day 1056 6 12 94.14 92.6, 95.4

21–28 day 1038 0 9 94.14 92.6, 95.4

28 day 1029 1 1028 93.96 92.4, 95.2

CI confidence interval
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Fig. 2 Summary of Kaplan Meir survival estimate on the survival time of neonates born in Tigray region, northern Ethiopia, April–July, 2014 (n = 1152).
The graph shows the proportion of neonates who survived during the follow up time (birth, 7, 14, 21 and 28 days). Accordingly, as can be seen from
the graph; during the first seven days the graph went down gradually which shows a higher proportion of neonates were dying and there was a
lower probability of survival. While, over the next 7 days (7 and 14), the proportion of neonates survived has slightly increased and the graph fell down
slowly up to the third follow up time (21 day). In the last follow up period the graph became straight which indicates the proportion of neonates
survived remained stable indicating virtually no deaths

Table 5 Log rank test result of variables for neonates born in randomly selected hospitals of Tigray region, northern Ethiopia, April –July,
2014 (n = 1152)

Variable Log rank (X2) P-value Variable Log rank (X2) P-value

Hospital 6.05 0.418 Tetanus injection 2.17 0.1407

Age at current birth 3.53 0.3163 Rh immunization 0.28 0.5983

Religion 0.28 0.5943 Mortality older sibling 17.26 0.000

Residence 13.09 0.0003 Sex 0.53 0.4661

Educational status 7.1 0.0687 Exclusive breast feed 275.62 0.000

Occupation 5.8 0.2149 Time of breast feed 2.7 0.1004

Income 2.87 0.2387 Place of death 41.2 0.000

Marital status 0.76 0.383 Antenatal utilization 3.06 0.0802

Number of children 12.51 0.0019 Distance 32.11 0.000

Birth type 29.11 0.000 Mode of delivery 5.44 0.0658

Gravidity 6.8 0.0787 Place of birth 67.75 0.000

Birth interval 3.79 0.1502 Delivery Assistant 9.38 0.0246

Family planning 3.49 0.0619 Birth weight 135.93 0.000

Parity 6.38 0.0947 Gestational Age 98.68 0.000

History of abortion 9.66 0.0019 Length of the neonate 33.67 0.000

History of still birth 17.11 0.000 1-min Apgar score 475.4 0.000

Diagnosed disease 0.73 0.3922 5-min Apgar score 890.8 0.000

Maternal complication 42.29 0.000 Birth defect 30.38 0.000

Temperature control 165.67 0.000 Neonatal complication 316.14 0.000

Weight for GA 19.49 0.000 Hypothermia 176.58 0.000

Variables with P-value <0.05 were prospective candidates for the final model

Mengesha et al. BMC Pregnancy and Childbirth  (2016) 16:202 Page 9 of 13



period of time. However, the data for this study was
collected from hospitals where mothers may have been
diagnosed with complications. Despite the fact that we
considered these possibilities, there is an intolerable high
incidence of NM in our study setting.
Our study has revealed that most neonatal deaths oc-

curred in the first 24 h and in the first week of life,
which is consistent with different studies conducted be-
fore [11, 12, 27, 37, 38]. Other studies reported that
most neonates died in their first week of life because of
complication occurring during pregnancy and birth [1–
3]. Poor quality of antenatal care, delay in identification
and poor management of complications during preg-
nancy and birth by health workers might be the possible
reasons.
The current study finding revealed that neonates with

a low birth weight experienced higher mortality. This
finding is similar to a study conducted in different parts
of developing countries [3, 14, 17, 34, 38, 39]. Low birth
weight contributes primarily from the mother’s poor
health and nutrition [40]. Improving obstetric care is
crucial, which can reduce the incidence of low birth
weight [41]. In this study, all triplets and most of
twin births died, as low birth weight could be the re-
sult of preterm delivery or small size for gestational
age. This could have happened because of poor

Table 6 Multivariate Cox-proportional hazard model of predictors
of neonatal mortality, delivered in randomly selected hospitals of
Tigray region, northern Ethiopia, April-July, 2014 (n = 1152)

Characteristics Unadjusted HR 95 % CI Adjusted HR 95 % CI

Residence

Urban 0.42 0.26,0.68

Rural (ref) 1.00

Number of children

Prime (ref) 1.00

2–4 children 0.73 0.41,1.29

Multiple > =5 2.3 1.26,4.23

Birth type

Single (ref) 1.00

Multiple 4.97 2.32,6.97

History of abortion

Yes 0.44 0.26,0.75

No (ref) 1.00

History of still birth

Yes 0.31 0.17,0.55

No (ref) 1.00

Delivery complication

Yes (ref) 1.00 1.00

No 0.23 0.17,0.37 0.37 0.22,0.63

Exclusive breast feed

Yes (ref) 1.00 1.00

No 21.63 12.82,36.49 7.5 3.77,15.6

Distance to health facility

≤5 km (ref) 1.00 1.00

5–10 km 3.14 1.76,5.58 1.25 0.66,2.37

≥10 km 4.64 2.42,8.89 2.5 1.29,4.91

Mode of delivery

Spontaneous
Vaginal (ref)

1.00

Cesarean
section

1.17 0.654,2.1

Instrumental 2.38 1.12,5.05

1-min apgar score

Severe
asphyxia (≤3)
(ref)

1.00

Moderate
asphyxia (3–6)

0.13 0.071,0.246

Normal (≥7) 0.01 0.0049,0.02

5-min apgar score

Severe
asphyxia (≤3)
(ref)

1.00

Table 6 Multivariate Cox-proportional hazard model of predictors
of neonatal mortality, delivered in randomly selected hospitals of
Tigray region, northern Ethiopia, April-July, 2014 (n = 1152)
(Continued)

Moderate
asphyxia (3–6)

0.2 0.088,0.45

Normal (≥7) 0.0055 0.0023,0.012

Birth weight

<2500 gm 11.49 4.49,29.39 1.00

2500–3500 gm
(ref)

1.00 0.45 0.24,
0.84

>3500 gm 1.19 0.46,3.08 0.73 0.26,2.07

Neonatal complication

Yes (ref) 1.00 1.00

No 0.04 0.024,0.068 0.14 0.07,0.29

Weight for GA adequacy

Adequate (ref) 1.00

SGA 3.16 1.81,5.50

LGA 1.02 0.49,2.11

Hypothermia

Yes (ref) 1.00

No 0.075 0.046,0.12

HR hazard ratio, GA gestational age, SGA small for gestational age, LGA large
for gestational age
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feeding practices of mothers, as well as subsequent
malnutrition, inadequate warmth and lack of breastfeeding.
Our findings showed that neonates born from

mothers who have complications during birth had a
higher chance of death. This is similar to previous
studies reported on maternal complications related to
high risks of NM [3, 16, 27, 34, 42]. However, recent
studies from Africa [37] and Indonesia [43] showed
that having delivery complications during birth have a
protective effect on NM. Hence, these studies indi-
cated that managing complications are possible, which
may be related to the focus of skilled health profes-
sionals on mothers that have complications. This
study considered the common maternal complications
as the reasons for NM. This may be due to the qual-
ity and availability of services, including emergency
obstetric services [7]. Weak integrated efforts in rec-
ognition of mothers with complications and delayed
referrals by health workers could also be other rea-
sons. This is supported by some studies’ findings,
which indicated that high NM often occurs because
of delivery and pregnancy-related complications and
denotes the quality of healthcare in an area [10].
In accordance with our findings, in general, studies show

that male-presentation, prolonged labor, hemorrhage, infec-
tion, PROM and obstructed labor were associated with
NM [3, 14, 27, 36, 39]. Accordingly, saving the
mother and managing these complications could im-
prove survival of neonates in our study setting.
Distance to the nearest health facility was also among

the independent predictors of NM. Similarly, several

studies also reported that neonates who live in remote and
hard to reach areas from health facilities are at increased
rate of death than those who live in nearby to the health
facilities [12, 17, 28, 37, 39]. This can be explained in
terms of lack of access to health service during pregnancy,
which resulted in lower attendance rate at antenatal and
delivery because of the distance [17]. It can be associated
with missing opportunities to prevent and treat intra-
partum complications and these circumstances may cause
intra-partum complications and subsequent ENM.
The current study findings revealed that initiating EBF

has a protective effect on hazards of NM. This is also re-
ported by some studies, as EBF is essential to reduce
newborn deaths [44]. Other studies reported that risk of
NM delayed initiation of breastfeeding, where the risks
were four times higher in children who were given other
fluids in addition to breastmilk [45]. A study in sub-
Saharan African countries demonstrated that NM could
be reduced by 16 % if mothers started breastfeeding
from Day 1 and 22 % if they started within the first hour
[46]. Similarly, in our study, all neonates who did not
initiate EBF had not initiated breastfeeding within the
first one hour. Early initiation of breastfeeding is neces-
sary to save newborn lives [24]. However, in our study,
initiation of EBF seemed to be inadequately practiced
and promoted. But it may be necessary to be cautious in
interpreting this finding as sometimes neonates that are
the most sick might be the least likely to be able to
breastfeed compared to healthier neonates.
Neonatal complications are also one of the independent

predictors for NM. In this study, the main causes of

Fig. 3 Cox-Snell residual Nelson -Alen cumulative hazard graph on neonates born in Tigray region, Northern Ethiopia, April -July 2014. This figure
shows if the Cox regression model fits the data, these residuals should have a standard censored exponential distribution with hazard ratio. The
hazard function follows the 45° line very closely
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neonatal complications were: meconium aspiration, pre-
maturity, low birth weight and prolonged labor, which
lead to Apgar score less than 7 and birth asphyxia.
The causes of complications result in neonatal as-
phyxia, hypothermia, sepsis and other complications,
although there are no significant differences among
them. Similarly, reports indicate that complications of
prematurity are currently among the leading causes of
NM [1, 2, 14]. A study conducted in South Africa re-
vealed that neonatal complications were the causes
for NM and morbidity like asphyxia and hypothermia
[47]. This might be because of delay in identification
of newborn complications, poor management and lack
of postnatal care in our study settings.
The strength of this study is that it had included all

predictors of NM and data collection was also complete
and reliable. The study area covers the entire region of
Tigray; it is generalizable to all hospitals of the region
and Ethiopia. Limitations of this study are that the effect
of seasonal variation on NM was not considered and the
study was conducted only in public health institutions.
Moreover, home deliveries and neonates who arrived at
study hospitals after 6 h of birth were not considered as
part of the study, as we failed to track the deaths that
occurred at home and this may underestimate the NM
rate because home deliveries are at risk of complications
and deaths. We encountered 5.2 % lost to follow up and
withdrawals because mothers were unable to answer
phone calls, meet with health extension workers and/or
are not available during physical visits. Most of the
mothers were moved from the original place of
residence and their phone was not working during the
follow up time. These mothers may encounter neo-
natal deaths that could underestimate our neonatal
mortality rate.

Conclusion
In this study, unacceptably high burden and incidences
of NM (lower survival) was observed, which is unex-
pected as the births were attended by highly skilled
health workers. Moreover, proximate factors (maternal,
neonatal and health service related factors) were the
important predictors.
Therefore, a comprehensive effort should be undertaken

to improve health service provided in the region, espe-
cially on the competency of health workers and quality of
health services, including availability of necessary equip-
ment and setup to manage neonatal and maternal compli-
cations. In addition, maternal health before delivery,
including quality of antenatal care utilization, low birth
weight, initiating exclusive breast feeding, continuum care
of the neonate after discharge and access should be
considered to improve survival time of neonates.
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