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ABSTRACT
Introduction. The increasing survival rate of 
preterm infants has altered the epidemiology of 
neonatal diseases; however, neonatal mortality is 
still the main component of child mortality. The 
objective of this study was to evaluate neonatal 
mortality and associated factors in newborn 
infants admitted to a neonatal care unit.
Material and methods. Prospective cohort study 
conducted between January 2016 and January 
2017 at Hospital Civil de Guadalajara “Dr. 
Juan I. Menchaca.” The incidence of deaths and 
associated conditions was evaluated using a 
multivariate logistic regression analysis.
Results. A total of 9366 live births were registered; 
15% (n: 1410) of these were admitted to the neonatal 
care unit. The mortality rate was 125.5 per 1000 
hospitalized newborn infants (95% confidence 
interval [CI]: 109‑144); the main reasons for 
admission were congenital malformations or 
genetic disorders (28.2%), infections (24.9%), 
and respiratory distress (20.9%). The conditions 
associated with death were gestational 
age < 37 weeks (OR: 2.41, 95% CI: 1.49‑3.93), birth 
weight ≤ 1500 grams (OR: 6.30, 95% CI: 4.15‑9.55), 
moderate/severe respiratory distress at 10 minutes 
(OR: 1.89, 95% CI: 1.24‑2.86), Apgar score < 7 at 
5 minutes (OR: 9.40, 95% CI: 5.76‑15.31), congenital 
malformations (OR:  5.52, 95%  CI:  3.12‑9.78), 
and less than 5  antenatal care visits (OR: 1.51, 
95% CI: 1.09‑2.08).
Conclusions. Preterm birth, low birth weight, 
respiratory distress, Apgar score < 7, congenital 
malformations, and a history of < 5 antenatal care 
visits were associated with a higher risk for death.
Key words: perinatal mortality, child mortality, 
neonatal mortality, neonatal respiratory distress 
syndrome, preterm birth.
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INTRODUCTION
Millennium Development Goal 4, 

agreed by the United Nations member 
states, proposed to reduce by two 
thirds, between 1990 and 2015, the 
under-five mortality rate;1 however, a 
high percentage (98%) of child mortality 
still takes place in developing countries 
and 60% of it occurs in the neonatal 
period.2-4

In Mexico, between 1990 and 2015, 
the neonatal mortality rate reduced 
from 11 .6  deaths  per  1000   l ive 
newborn infants (NBIs) to 7.07 deaths 
per 1000 live NBIs; however, in recent 
years, this indicator has remained 
c o n s t a n t  a n d  i s  s t i l l  t h e  m a i n 
component of child mortality.5

Thanks to the implementation of 
strategies that have led to an increased 
survival among preterm patients, a 
variation has been observed in the 
epidemiology of neonatal diseases;6 for 
this reason, the main causes of death 
may be related to such epidemiological 
transition: neonatal respiratory 
distress syndrome, neonatal sepsis, 
intraventricular hemorrhage, and 
persistent pulmonary hypertension.7,8

It has been reported that, in addition 
to gestational age, other conditions that 
affect the risk for death are birth weight, 
male gender, and maternal conditions, 
such as age and/or level of education.9-

12Neonatal mortality surveillance 
helps to identify subgroups at risk 
that require special health care and/
or resource allocation. The objective 
of this study was to evaluate neonatal 
mortality and associated factors in 
NBIs admitted to a neonatal care unit.

POPULATION AND METHODS
A prospective cohort study was 

conducted at  Hospital  Civi l  de 
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Guadalajara “Dr. Juan I. Menchaca” (HCGJIM) in 
the city of Guadalajara, Jalisco, Mexico. HCGJIM 
provides health services to an open, low-resource 
population. The Division of Neonatology is made 
up by a neonatal intensive care unit with 18 cribs 
and an intermediate care unit with 57 cribs. The 
Department of Epidemiology is responsible 
for recording and monitoring deaths and their 
causes.

The study was conducted between January 
25th, 2016 and January 25th, 2017. The cohort 
included NBIs admitted to the Department 
of Neonatology; patients who were born in 
a different hospital facility and who were 
subsequently admitted to this hospital were 
excluded.

During the study, all  infants born and 
hospital ized in HCGJIM were recorded; 
analyzed outcome measures were collected 
from the NBI’s medical record. Studied outcome 
measures were sex, gestational age estimated 
according to Capurro’s or Ballard’s score, Apgar 
score at 5 minutes, respiratory distress score 
(Silverman-Anderson) at 10 minutes, congenital 
malformations, multiple pregnancy, maternal 
age, level of maternal education, marital status, 
number of pregnancies, risk factors, and number 
of antenatal care visits. Maternal risk factors 
were the presence of urinary tract infection, 
premature rupture of membranes ≥18 hours, 
chorioamnionitis, and fever without a source of 
infection.

The number of deaths was obtained based on 
death certificates registered at the Department 
of Epidemiology. Patients who were admitted 
to and discharged from the hospital before the 
end of their neonatal period, upon obtaining the 
consent from their parents, were called at 28 days 
of life to corroborate survival.

Each death was allocated a basic cause and 
an immediate cause once the medical records 
and lab and specialized tests were analyzed. This 
assessment was done independently by three 
neonatologist pediatricians, and the causes were 
allocated if two or more of these assessments were 
consistent. If there was no agreement, the event 
was analyzed a second time.

Definitions
Basic cause of death: disease or injury that has 

initiated the train of morbid events leading to 
death. Immediate cause of death: disease directly 
leading to death.13 Mortality of hospitalized NBIs: 
deaths of patients younger than 28 days of life, 

born in and admitted to the neonatal care unit 
of HCGJIM in the study period/total number of 
patients born in and admitted to the neonatal care 
unit of HCGJIM in the study period.

Statistical analysis
Frequency and percentage were estimated 

as qualitative outcome measures; to establish 
an association with the dependent outcome 
measure, relative risk (RR) and 95% confidence 
intervals (CIs) were introduced in the OpenEpi 
software (http://www.o penepi.com/Menu/
OE_Menu.htm) using a χ2 test to verify the 
hypothesis. Median and range were estimated 
as quantitative outcome measures; to this end, 
dichotomous outcome measures were estimated 
using different cut-off points and analyzed as 
qualitative outcome measures. Out of all outcome 
measures, those with a p value < 0.2 were included 
in the multivariate logistic regression analysis 
using the IBM SPSS Statistics software, version 20. 
Conditions associated with death were analyzed 
based on the total number of deaths because we 
considered that the risk was not restricted by the 
NBIs’ days of life. The project was approved by the 
Ethics and Research Committees of HCGJIM under 
registry no. 00079.

RESULTS
During the study period, 9366 live births were 

recorded; 15% (n: 1410) of them were admitted to 
the Department of Neonatology. Among admitted 
patients, 54.3% (n: 765) were males and 45.5% (n: 
641), females; 4 patients had ambiguous genitalia.

Pat ients ’  median gestat ional  age was 
36.5 weeks (maximum: 42; minimum: 24). The 
gestational age was < 37 weeks in 52.2% (n: 736) 
and ≤ 32 weeks in 12.8% (n: 180). Patients’ median 
birth weight was 2360 grams (maximum: 5380; 
minimum: 500). Birth weight was less than 
2500 grams in 54.5% (n: 768) and 1500 grams or 
less in 17.5% (n: 247).

Besides, 63.5% (n: 895) of patients were born 
by C-section; 8.2% (n: 116) had an Apgar score < 7 
at 5 minutes, and 3.8% (n: 54), an Apgar score < 5. 
Respiratory distress occurred since the first 
10 minutes of life in 34.3% (n: 484) of patients, 
whereas moderate/severe respiratory distress 
(Silverman score > 3) occurred in 16% (n: 226). 
Besides, 9.4% (n: 132) of NBIs corresponded to 
multiple pregnancies and 7.1% (n: 100) had a 
congenital malformation. The median maternal 
age was 23 years (maximum: 45; minimum: 12); 
17.9% (n: 252) of women were single mothers and 
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35.5% (n: 500) were primiparous.
Also, 27.8% (n: 392) had less than 5 antenatal 

care visits, and 4.4% (n: 62) received no antenatal 
care at all. In relation to education, 23.7% (n: 334) 
of mothers had completed only primary education 
and 2.9% (n: 41) were illiterate.

A total  of  192 deaths were registered; 
15 occurred in patients older than 28 days. The 
mortality rate among NBIs admitted to the 
neonatal care unit was estimated at 125.5 events 
per 1000 hospitalized NBIs (95% CI: 109‑144). The 
incidence of death that included deaths occurring 
beyond the neonatal period was 136.2 events per 
1000 hospitalized NBIs (95% CI: 119‑155).

In this regard, 83.3% (n: 160) of deaths occurred 
in patients born at < 37 weeks of gestation; 75% 

(n: 120) of these, in the first week of life; mortality 
among preterm patients was estimated at 217.4 
deaths per 1000 hospitalized NBIs. Patients with 
a birth weight ≤ 1500 grams accounted for 57.3% 
(n: 110) of deaths; in this group, the mortality rate 
was 445 deaths per 1000 hospitalized NBIs, and 
78.2% (n: 86) occurred in the first week of life.

During the neonatal period, respiratory distress 
syndrome was the basic cause of death in 20.9% 
of patients; the rest were attributed to infectious 
processes (24.9%), congenital malformations or 
genetic disorders (28.2%), hemorrhagic disorders 
(11.9%), and perinatal asphyxia (5.1%), Table 1. 
Among patients who died beyond the neonatal 
period, late neonatal sepsis was the cause of death in 
46.7% (n: 7), whereas bronchopulmonary dysplasia 

Table 1. Causes of death among newborn infants admitted to the Neonatal Care Unit of Hospital Civil de Guadalajara  
“Dr. Juan I. Menchaca”

		 n (%)
Congenital malformations or genetic disorders	 50 (28.2)

Heart malformations	 14
Central nervous system malformations	 11
Digestive tract malformations	 4
Skeletal dysplasias	 4
Edwards syndrome	 4
Diaphragmatic hernia	 3
Potter sequence	 2
Arthrogryposis multiplex congenita	 2
Mucopolysaccharidosis type IV (1), Pierre Robin sequence (1), Patau syndrome (1),  
pentalogy of Cantrell (1), pulmonary hypoplasia (1), epidermolysis bullosa (1)	 6

Respiratory diseases	 45 (25.4)
Respiratory distress syndrome	 37
Persistent pulmonary hypertension	 2
Apnea of prematurity	 2
Transient tachypnea of the newborn	 1
Pleural effusion (1), hydrothorax (1), pneumothorax (1)	 3

Infectious diseases	 44 (24.9)
Microbiologically-confirmed neonatal sepsis	 17
Necrotizing enterocolitis	 11
Pneumonia	 12
Sepsis without known isolated microorganism	 2
Congenital syphilis (1), antenatal varicella infection (1)	 2

Hemorrhagic disorders	 21 (11.9)
Intraventricular hemorrhage	 13
Unborn child and newborn infant affected by abruptio placentae	 2
Pulmonary hemorrhage	 2
Disseminated intravascular coagulation	 2
Massive hemorrhage from the umbilical cord (1), subgaleal hematoma (1)	 2

Perinatal asphyxia	 9 (5.1)
Other	 8 (4.5)

Hydropsfetalis	 3
Extreme immaturity	 2
Renal failure	 1
Intrauterine growth restriction type III	 1
Gastric perforation	 1

Total	 177
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and congenital malformations caused 26.6% (n: 4), 
respectively.

The direct causes of death in the neonatal 
period were respiratory failure in 32.4% (n: 57), 
hypovolemic shock in 18.7% (n: 33), cardiogenic 
shock in 18.2% (n: 32), septic shock in 18.2% 
(n: 32), and mixed shock in 12.5% (n: 22); in the 
case of 1 patient, hyperkalemia was considered 
the direct cause of death. Among patients older 
than 28 days of life, the direct causes of death 
were septic shock (n: 7), cardiogenic shock (n: 5), 
respiratory failure (n: 2), and hypovolemic shock 
(n: 1).

The incidence of death based on the presence 
or absence of studied conditions, with RR and 

95% CI, is shown in Tables 2 and 3.
An independent multivariate analysis was 

done for maternal and neonatal conditions; for 
each, outcome measures with a p value < 0.2 
were included and then excluded in a stepwise 
manner based on their statistical significance and 
influence on other outcome measures within each 
model. Risk factors identified in a multivariate 
analysis are shown in Table 4.

DISCUSSION
The mortality rate among NBIs admitted to 

the neonatal care unit of HCGJIM was higher 
than that observed at a national level (7.07/1000 
live NBIs),5 given that the population seen here 

Table 2. Incidence of deaths among newborn infants admitted to Hospital Civil de Guadalajara “Dr. Juan I. Menchaca” 
based on clinical and demographic characteristics, relative risk and 95% confidence interval

		  Number	 Death	 Incidence	 RR	 95% CI	 p 
		  of patients	 events	 per 1000 patients
Sex*						    
	 Male	 764	 100	 130.9	 0.94	 0.72–1.23	 0.66
	 Female 	 641	 89	 138.8			 
Gestational age < 37 weeks						    
	 Present	 736	 160	 217.4	 4.6	 3.18–6.59	 < 0.001
	 Absent	 674	 32	 47.5			 
Gestational age ≤ 32 weeks 						    
	 Present	 180	 87	 483.3	 5.7	 4.47–7.18	 < 0.001
	 Absent 	 1230	 105	 85.4			 
Weight < 2500 g						    
	 Present	 768	 155	 201.8	 3.5	 2.49–4.93	 < 0.001
	 Absent	 642	 37	 57.6			 
Weight ≤ 1500 g						    
	 Present	 247	 110	 445.3	 6.3	 4.92–8.12	 < 0.001
	 Absent	 1163	 82	 70.5			 
Delivery mode						    
	 C-section	 895	 127	 141.9	 1.1	 0.85–1.49	 0.41
	 Vaginal delivery	 515	 65	 126.2			 
Apgar score < 7 at 5 minutes 						    
	 Present	 116	 66	 569	 5.8	 4.65–7.35	 < 0.001
	 Absent	 1294	 126	 97.4			 
Apgar score < 5 at 5 minutes						    
	 Present	 54	 35	 648.1	 5.6	 4.38–7.16	 < 0.001
	 Absent	 1356	 157	 115.8			 
Silverman score ≥ 1 at 10 minutes						    
	 Present	 484	 87	 179.7	 1.6	 1.22–2.06	 < 0.001
	 Absent	 926	 105	 113.4			 
Silverman score > 3 at 10 minutes						    
	 Present	 226	 55	 243.3	 2.1	 1.59–2.78	 < 0.001
	 Absent	 1184	 137	 115.7			 
Multiple pregnancy 						    
	 Present	 132	 25	 189.4	 1.4	 0.99–2.12	 0.06
	 Absent	 1278	 167	 130.7			 
Congenital malformations 						    
	 Present	 100	 34	 340	 2.8	 2.07–3.84	 < 0.001
	 Absent	 1310	 158	 120.1			 

RR: relative risk; CI: confidence interval. * Four patients with 
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had different demographic characteristics, with a 
high prevalence of preterm and/or very low birth 
weight NBIs.

In the United States, Manuck et al.14 observed 
that at a lower gestational age, the mortality 
was higher. The authors identified that the 

frequency of death was 44,2% among NBIs born 
at < 24 weeks of gestation and less than 1% among 
those born at ≥ 32 weeks. In our study, mortality 
was higher; its rate was 48.3% among patients 
born at ≤ 32 weeks of gestation, and 13.1% among 
those born at 32.1‑36.9 weeks.

Table 3. Incidence of deaths among newborn infants admitted to Hospital Civil de Guadalajara “Dr. Juan I. Menchaca” 
based on maternal characteristics, relative risk and 95% confidence interval

		  Number	 Death	 Incidence	 RR	 95% CI	 p 
		  of patients	 events	 per 1000 patients
Mother ≤ 15 years						    
	 Present 	 30	 3	 100	 0.73	 0.25–2.15	 0.56
	 Absent 	 1380	 189	 137			 
Mother ≤ 20 years						    
	 Present 	 480	 67	 139.6	 1.04	 0.79–1.37	 0.79
	 Absent 	 930	 125	 134.4			 
Mother ≤ 35 years						    
	 Present 	 180	 24	 133.3	 0.98	 0.66–1.45	 0.91
	 Absent 	 1230	 168	 136.6			 
Antenatal care with < 5 visits						    
	 Present 	 392	 68	 173.5	 1.42	 1.08–1.87	 0.01
	 Absent 	 1018	 124	 121.8			 
No antenatal care 						    
	 Present 	 62	 9	 145.2	 1.07	 0.58–1.99	 0.83
	 Absent 	 1348	 183	 135.8			 
Single mother 						    
	 Present 	 252	 33	 130.9	 0.95	 0.67–1.35	 0.79
	 Absent 	 1158	 159	 137.3			 
Primiparous						    
	 Present 	 500	 60	 120	 0.83	 0.62–1.1	 0.19
	 Absent 	 910	 132	 145			 
History of miscarriage/abortion						    
	 Present 	 276	 39	 141.3	 1.05	 0.76–1.45	 0.78
	 Absent 	 1134	 153	 134.9			 
Level of education, primary or  
lower education						    
	 Present 	 334	 51	 152.7	 1.17	 0.87–1.57	 0.32
	 Absent 	 1076	 141	 131			 
Level of education, university degree						    
	 Present 	 55	 9	 163.6	 1.21	 0.66–2.24	 0.54
	 Absent 	 1355	 183	 135			 
Maternal risk factors 						    
	 Present	 287	 32	 111.5	 0.78	 0.55–1.12	 0.17
	 Absent	 1123	 160	 142.5			 

RR: relative risk; CI: confidence interval.

Table 4. Multivariate analysis of conditions associated with neonatal death 

	 Exp (B)	 95% CI for OR
	 OR	 Lower	 Upper
Prematurity (gestational age < 37 weeks)a	 2.41	 1.49	 3.93
Birth weight ≤ 1500 gramsa	 6.30	 4.15	 9.55
Moderate/severe respiratory distressa	 1.89	 1.24	 2.86
Apgar score < 7 at 5 minutesa	 9.40	 5.76	 15.31
Congenital malformationsa	 5.52	 3.12	 9.78
Less than 5 antenatal care visitsb	 1.51	 1.09	 2.08

OR: odds ratio; CI: confidence interval. (a) Neonatal conditions; (b) Maternal conditions.
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According to the information provided by the 
Neocosur Neonatal Network,15 overall mortality 
among patients with a very low birth weight was 
26% (95% CI: 25‑26.9) and was inversely related 
to gestational age. Survival based on weeks of 
gestation ranges from 28.6% to 90.6% among 
NBIs born at 24‑31 weeks, respectively. In the 
cohort of NBIs from HCGJIM, patients with a 
birth weight ≤ 1500 grams had a mortality rate of 
44.5% (95% CI: 38.4‑50.7), which was higher than 
that reported in South American countries.

In this study, the main causes of death were 
congenital malformations or genetic disorders, 
but only 7.1% of hospitalized patients had 
this condition. Worldwide, the frequency of 
congenital anomalies is 2‑3% and, in Latin 
American countries, such as Chile, Cuba, and 
Costa Rica, congenital anomalies are one of the 
main causes of death in the first year of life.16 In 
Argentina, these anomalies account for 26% of 
infant deaths and, as a cause of death, lead over 
prematurity-related disorders. Similarly to our 
findings, Bidondo et al.17 observed that in the 
neonatal period, congenital anomalies accounted 
for a lethality rate of 18.1%, with a lower risk of 
death among patients born at an older gestational 
age (OR: 0.79, 95% CI: 0.68‑0.91).

In a hospital-based study, Sônia Lansky 
et al.10 identified that neonatal mortality was 
11.1 deaths/1000 live births. One third of deaths 
were attributed to prematurity, followed by 
congenital malformations (22.8%), infections 
(18.5%), and asphyxia (7%). A birth weight 
< 2500 grams (OR: 5.19, 95% CI: 2.44‑11.04), 
c o n g e n i t a l  m a l f o r m a t i o n s  ( O R :  1 6 . 5 5 , 
95% CI: 6.47‑42.38), an Apgar score < 7 at 
5 minutes (OR: 15.79, 95% CI: 6.54‑38.14), 
and male gender (OR: 1.49, 95% CI: 1.08‑2.05) 
increased the risk for death.

At HCGJIM, 83.3% of neonatal  deaths 
occurred in preterm NBIs and the most common 
causes of death were congenital malformations 
or genetic disorders, respiratory diseases, and 
infections. Similarly to what has been reported 
by Lansky et al.,10 a birth weight ≤ 1500 grams, 
congenital malformations, and an Apgar score 
< 7 at 5 minutes significantly increased the risk 
for death.

Debelew et al.,9 in Ethiopia, described that 
neonatal mortality was 35.5/1000 live NBIs (95% 
CI: 28.3‑42.6). The causes of death defined through 
verbal autopsies were perinatal asphyxia in 
47.5% of patients, neonatal infections, in 34.3%, 
and prematurity-related conditions, in 11.1%. 

Conditions associated to death were ≤ 4 antenatal 
care visits (OR: 0.35, 95% CI: 0.18‑0.68), birth 
at a health center (OR: 0.43, 95% CI: 0.17‑0.99), 
g e s t a t i o n a l  a g e  <  3 7  w e e k s  ( O R :  2 . 0 9 , 
95% CI: 1.03‑4.22), obstetric complications during 
delivery (OR: 6.77, 95% CI: 3.82‑12.00), premature 
rupture of membranes > 12 hours (OR: 7.74, 
95% CI: 2.27‑26.4), and twin pregnancy (OR: 8.21, 
95% CI: 3.46‑19.47).

Among patients from HCGJIM, it  was 
observed that a maternal history of less than 
5 antenatal care visits increased the probability 
of death by 51%. A potential explanation for 
this finding is that an inconsistent control of 
pregnancy leads to missing the diagnosis of 
maternal or fetal comorbidities that should be 
managed in a timely manner.

Every year, 14 million women aged 15‑19 years 
get pregnant worldwide. Different studies have 
identified that neonatal deaths are related to 
adolescent pregnancy,3,4,10 and the risk is higher 
in the case of single mothers (OR: 3.6, p ≤ 0.01), 
a low level of maternal education (p ≤ 0.01), and 
complications during pregnancy (OR: 2.6, p ≤ 
0.01).3 O. K. Ezeh et al. identified that a small 
fetus (OR: 2.10, 95% CI: 1.77‑2.50), maternal 
age younger than 20 years (OR: 4.07, 95% CI: 
2.83‑5.86), and living in a rural area (OR: 1.26, 
95% CI: 1.03‑1.55) were factors associated 
with neonatal mortality.4Among patients 
from HCGJIM, maternal age, maternal level of 
education, marital status or the presence of risk 
factors such as urinary tract infection, premature 
rupture of membranes or chorioamnionitis, were 
not observed to increase the risk for death.

Based on the findings of this study, it is 
important to know and implement interventions 
aimed at improving survival among preterm 
patients,  such as specialized care during 
pregnancy and labor,2,18,19 antenatal corticosteroid 
use,20 and breastfeeding in the first 24 hours,21 
and to increase the resources allocated to health 
care.22,23

The limitations of this study are that it was 
conducted in a hospital sample that may be 
different from the general population and that 
the sample was too small to establish specific 
subgroups, such as mothers < 15 years or who 
received no antenatal care at all.

CONCLUSIONS
The rate of  neonatal  mortal i ty among 

hospi ta l ized NBIs  was  125 .5  events  per 
1000 hospitalized NBIs and the main causes were 
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congenital malformations or genetic disorders 
(28.2%), infections (24.9%), and neonatal respiratory 
distress syndrome (20.9%). Prematurity, low birth 
weight, respiratory distress, Apgar score < 7 at 
5 minutes, congenital malformations, and a history 
of less than 5 antenatal care visits were associated 
with a higher risk of death among these patients. n
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