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Evolution of neonatal mortality by preventable causes over the past ten years in
Espírito Santo State

Abstract

Objectives: analyze neonatal mortality causes, highlighting the preventable ones from
2008 to 2017, in Espírito Santo State and health regions. 

Methods: ecological study of temporal series on neonatal mortality using data from
Mortality Information System and from Live Birth Information System. The death causes were
classified based on the List of Avoidable Causes of Deaths due to Interventions of the
Brazilian Health System. The temporal tendency was analyzed using linear regression. 

Results: the neonatal mortality rate reduced, approximately 5%, with a reduction of
almost 27% in the late neonatal component. Approximately, 70% of neonatal deaths were
preventable, with a higher frequency of reducible causes by adequate care at pregnancy,
childbirth and to the newborn. The reduction was significant for adequate care for pregnant
women in Espírito Santo and in Metropolitan Region and due to adequate care to the newborn
in the South Region. 

Conclusions: the main causes of neonatal deaths were due inadequate care for women
during pregnancy, at childbirth and to the newborn, despite the reduction in neonatal
mortality over the past 10 years.  This study may contribute to the planning of health policies
to improve care for pregnant women, parturient and to the newborn.
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Introduction

Neonatal death is defined as the death of a newborn
between zero and twenty-seven days after birth1 and
it is a component of infant mortality.1 The neonatal
mortality includes the early neonatal component,
which represents deaths before completing 7 days of
life, and the late neonatal component, which repre-
sents the death of a newborn between 7 and 27 days
of life.1

Brazilian neonatal mortality rate in 2017
consisted of 9 neonatal deaths per 1,000 live births -
a reduction of almost 15% when compared to 2008,
when it was 10 neonatal deaths per 1,000 live
births.2 Even with this reduction, currently, the
neonatal component represents about 70% of infant
mortality, with an elevated participation of reducible
death causes by adequate care for women during
pregnancy and childbirth and to the newborn,1,3 and,
in most cases, they could be preventable by qualified
healthcare.4,5 Potentially preventable death causes
were considered as a sensitive indicator of the
quality of healthcare and a useful instrument to eva-
luate the population’s access to the service and the
failures in the health system.3,6 It is also an indicator
of socioeconomic conditions of a delimited
territory,6 thus, it is important to elaborate public
policies to reduce social inequalities.

In Espírito Santo (ES), the neonatal mortality
rate has been decreasing - there was a decline of
almost 24% between 2008 and 2017.2 Despite this
reduction, in 2017, there were 11 infant deaths per
1,000 live births, and neonatal mortality represented
8 neonatal deaths per 1,000 live births, with a higher
rate for early neonatal mortality (6/1000).2

Considering that neonatal death includes early and
late neonatal period, the data lead to a reflection on
prenatal care, healthcare in the maternity and the
newborn’s first weeks of life.7

As such, the neonatal mortality is the major
component of infant mortality nowadays and
knowing the preventable causes of this index is
useful to guide the health policies, in order to reach
a better health support for pregnant women, child-
birth care and to the newborn.3,4 In addition, it is
known that Brazilian neonatal mortality rate is irre-
gularly distributed regionally, with the largest
discrepancy between the North/Northeast and South/
Southeast regions,8 so, this research also analyzes
regional differences in the distribution of this rate in
the state of Espírito Santo. The study aims to analyze
the causes of neonatal mortality and its components,
highlighting the preventable causes, from 2008 to
2017, in Espírito Santo and health regions.

Methods

It was an ecological and retrospective study, about
the causes of deaths of children between 0 and 27-
days-old, highlighting preventable death causes
between 2008 and 2017 in Espírito Santo State and
its health regions (North, Central, Metropolitan and
South).

The analyzed variables were neonatal mortality
and early and late neonatal components. The
secondary data was obtained from Sistema de
Informação de Mortalidade (SIM) (Mortality
Information System) and Sistema de Informação de
Nascidos Vivos (SINASC) (Live Birth Information
System) from the Informática do Sistema Único de
Saúde (DATASUS) (Public Health System
Informatics Department). The infant deaths were
classified based on the List of Avoidable Causes of
Deaths due to the interventions of the Brazilian
Public Health System, updated by Malta and colla-
borators in 2010,9 and they were grouped according
to the basic cause, as it is in the International
Classification of Diseases 10 (ICD-10).

The death causes were classified in three groups:
(1) preventable causes; (2) deaths for ill-defined
causes (3) other causes - not clearly preventable
(NC-preventable). The preventable causes are
divided in four big groups: (1) reducible by adequate
care for women during pregnancy and childbirth and
to the newborn; (2) reducible by adequate diagnosis
and treatment actions; (3) reducible by immuniza-
tion (4) reducible by adequate health promotion
actions, associated to adequate healthcare actions.9

The group of reducible death causes by adequate
care for women during pregnancy and childbirth and
to the newborn is subdivided in three subsets of
causes: (1) reducible by adequate care for women
during pregnancy; (2) reducible by adequate care for
women at childbirth; (3) reducible by adequate care
to the newborn.9

The neonatal mortality coefficient was calcu-
lated by using the numerator, the number of deaths
of children until 27-days-old by place of residence,
and in the denominator, the number of live births by
place of residence for each year, multiplied for one
thousand.1 In early neonatal mortality, the numerator
was the children until 6-days-old and, in late
neonatal mortality, the numerator was the children
between 7 and 27-days-old.1 In both components,
the denominator was the number of live births by
place of residence for each year, multiplied for one
thousand.1

In the descriptive analysis, it was presented the
proportional mortality of preventable, NC-
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preventable and ill-defined causes in neonatal, early
neonatal and late neonatal periods. The proportional
mortality was calculated for each year using in the
numerator, the number of neonatal, early neonatal
and late neonatal deaths for each cause and in the
denominator, the total number of neonatal, early
neonatal and late neonatal deaths, multiplied by one
hundred.1 Linear regression was used to analyze the
temporal trend of neonatal mortality for preventable
causes. The Breusch Godfrey test was applied to
evaluate the correlation between the standard errors
over the past years, showing whether it was neces-
sary to correct them, and when the correlation
between the standard errors was present, the Prais-
Winsten regression was used. The analysis was made
by using the Stata program version 13.0.

The data used in this study is part of the public
domain, with no nominal identification, under
ethical principles in research involving humans, with
no need of informed consent form. Moreover, this
project was submitted and approved by the Ethical
in Research with Humans Committee at the
Universidade Vila Velha (CEP-UVV) (CAAE
number: 92096218.9.0000.5064, report number:
2.764.676).

Results

Table 1 represents the rate and proportional mortality
for causes in neonatal, early and late neonatal
periods in Espírito Santo between 2008 and 2017.
The late neonatal mortality rate presented a decrease
of 3 per 1,000 births in 2008 and 2 per 1,000 births
in 2017 –, however the same trend was not observed
for the neonatal and early neonatal mortality. In all
mortality rates (neonatal, early and late neonatal)

there was a reduction in the proportion of
preventable causes from 2008 to 2017 and an
increase in the proportion of NC-preventable causes.
This reduction and increase were more expressive in
late neonatal mortality - 14% for preventable and
47% for NC-preventable causes, respectively.

Espírito Santo State
There was a discreet decline in preventable

causes in early neonatal mortality in Espírito Santo
State and an increase in late neonatal mortality after
2010, followed by a decrease after 2014 (Figure 1).
This tendency was not statistically significant (Table
2). 

Regarding the causes of neonatal mortality, the
adequate care for women during pregnancy was the
first cause in early and late neonatal mortality,
however, this pattern had modified in late neonatal
component in 2017, when the reducible causes by
adequate care to the newborn became the first one
and the reducible causes by adequate care for women
at childbirth was in third place (Figure 2). In early
neonatal mortality, the second reducible cause was
by adequate care for women at childbirth, followed
by the reducible adequate care to the newborn
(Figure 2). The decreased trend in reducible deaths
by adequate care for women during pregnancy was
0.15 (CI95% = -0.26; -0.05), on average, per year
(Table 3).

North Region
The early neonatal mortality had discreetly

decreased for preventable causes and had a linear
tendency for NC-preventable. There was an increase
in late neonatal mortality after 2010, followed by a
decrease after 2014 and an increase again in 2016

Table 1

Rate and proportional mortality in neonatal, early and late neonatal periods for preventable, not clearly preventable

(NC-preventable) and ill-defined causes, Espírito Santo, 2008-2017.

Causes                                                 2008      2009       2010       2011     2012     2013      2014     2015      2016      2017   

Neonatal Mortality*(‰) 8.1 8.3 8.5 8.4 7.8 7.5 8.3 7.8 8.0 7.7

Preventable** 75.4 71.1 71.7 71.4 74.8 76.4 71.0 69.3 72.7 70.9

NC-preventable** 23.8 27.3 26.7 28.4 24.4 22.3 28.6 29.4 26.9 27.9

Ill-defined** 0.8 1.6 1.6 0.2 0.8 1.3 0.4 1.3 0.4 1.2

Early Neonatal Mortality* 7.5 5.6 6.0 6.2 5.5 5.0 6.1 5.7 5.8 5.8

Preventable** 74.4 72.0 73.5 72.0 71.8 74.2 74.2 72.2 73.6 72.1

NC-preventable** 24.8 26.3 24.6 28.0 27.5 24.7 25.2 26.6 26.0 27.0

Ill-defined** 0.8 1.7 1.9 0.0 0.7 1.1 0.6 1.2 0.4 0.9

Late Neonatal Mortality* 2.6 2.6 2.4 2.3 2.3 2.5 2.2 2.1 2.2 1.9

Preventable** 78.3 69.1 67.5 70.0 82.0 80.9 62.1 61.0 70.1 67.3

NC-preventable** 20.9 29.4 31.7 29.2 17.2 17.6 37.9 37.3 29.1 30.8

Ill-defined** 0.8 1.5 0.8 0.8 0.8 1.5 0.0 1.7 0.8 1.9

* Mortality rate;**Proportional mortality.
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Figure 1

Trend of early (A) and late (B) neonatal mortality for all mortality causes, Espírito Santo and health regions, 2008-2017.
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and 2017. This same pattern occurred in mortality
for preventable causes (Figure 1). This tendency was
not statistically significant (Table 2). 

In the early neonatal mortality, reducible causes
by adequate care for women during pregnancy
decreased, but it still represented the first cause in
2017. Differently, the causes related to adequate care
to the newborn and to women at childbirth showed
an increasing trend in the last three years. In the late
neonatal component, the reducible causes by
adequate care to the newborn were the first cause,
with a decreasing trend. The second cause were the
reducible causes by adequate care for women during
pregnancy, which increased between 2010 and 2014
– reaching the first place during this period – and
then declined. In 2008, the reducible causes by
adequate health promotion actions were the third
cause, but after 2010, the reducible causes by
adequate care for women at childbirth took the posi-
tion (figure 2). These trends of neonatal mortality
were not statistically significant (Table 3).

Central Region
The early neonatal mortality by preventable

causes decreased between 2008 and 2012 and then
had a discreet raise until 2017; the NC-preventable

and ill-defined causes stood stable during the
analyzed period. The late neonatal mortality
increased between 2008 and 2010, followed by a
slight decrease between 2011 and 2017. The
preventable causes trend showed a continuous
increase during these years and the NC-preventable
started to reduce after 2009 (Figure 1). These
tendencies were not statistically significant (Table
2).

In early neonatal mortality, the main cause was
the reducible by adequate care for women during
pregnancy, but this pattern changed in 2017 when
the reducible causes by adequate care to the newborn
reached first place. The third place was occupied by
the reducible causes by adequate care for women at
childbirth over the analyzed years. In the late
neonatal component, the major reducible cause was
by adequate care to the newborn and showed a
growth tendency after 2014. The reducible causes by
adequate care for women during pregnancy stood in
second place, with a slight decreased tendency from
2015. The reducible causes by adequate care for
women at childbirth were the third cause, however,
the reducible causes by adequate diagnosis and treat-
ment actions were in third place in 2017 (Figure 2).
These results were not statistically significant (Table
3).

Table 2

Regression coefficient of neonatal mortality rate for preventable, NC-preventable and ill-defined causes, Espírito Santo and

health regions, 2008-2017.

Causes                                          North                      Central                Metropolitan                      South                 Espírito Santo

β (C I95%)

Preventable -0.01 (-0.17; 0.17) 0.04 (-0.23; 0.30) -0.01 (-0.13; 0.13) -0.24 (-0.45; -0.04) -0.04 (-0.09; 0.01)

NC-preventable 0.06 (-0.07; 0.20) -0.03 (-0.16; 0.09) 0.01 (-0.06; 0.07) 0.03 (-0.11; 0.18) 0.01 (-0.05; 0.07)

Ill-defined -0.10 (-0.24; 0.03) -0.10 (-0.21; 0.01) -0.12 (-0.27; 0.04) -0.12 (-0.27; 0.03) -0.11 (-0.26; 0.03)

Table 3

Regression coefficient of neonatal mortality rate for preventable causes, Espírito Santo and health regions, 2008-2017.

Health regions               Care for                         Care for                       Care to                 Diagnosis and      Immunization            Health

pregnancy                      childbirth                     newborn                   treatment                                         promotion

β (C I95%)

North -0.15 (-0.36; 0.07) -0.04 (-0.19; 0.10) 0.04 (-0.12; 0.20) -0.05 (-0.13; 0.04) * 0.01 (-0.03; 0.06)

Central -0.08 (-0.37; 0.21) -0.08 (-0.19; 0.03) 0.07(-0.09; 0.23) -0.03 (-0.08; 0.02) * -0.01 (-0.01; 0.01)

Metropolitan -0.19 (-0.27; -0.11) -0.02 (-0.11; 0.06) 0.03 (-0.01; 0.07) -0.03 (-0.08; 0.02) * 0.01 (-0.01; 0.01)

South -0.08 (-0.32; 0.16) -0.05 (-0.12; 0.01) -0.20 (-0.31; -0.10) -0.06 (-0.13; 0.01) * -0.01 (-0.04; 0.02)

Espírito Santo -0.15 (-0.26; -0.05) -0.04 (-0.11; 0.03) -0.01 (-0.06; 0.05) -0.04 (-0.10; 0.02) * 0.01 (-0.01; 0.01)

β: regres s ion coefficient; *No data available in this  period.
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Figure 2

Trend of early (A) and late (B) neonatal mortality for preventable causes, Espírito Santo and health regions, 2008-2017.
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Metropolitan Region
There was a slight decline in early neonatal

mortality between 2008 and 2014, maintaining an
increased tendency until 2017. The cause responsible
for this pattern was NC-preventable. Preventable
causes have maintained a linear trend during the
analyzed period. There was an increase in late
neonatal mortality after 2010, followed by a
decrease after 2014. This pattern was more relevant
in mortality for preventable causes (Figure 1). These
trends were not statistically significant (Table 2).

The first cause of early neonatal mortality was
reducible by adequate care for women during preg-
nancy, followed by reducible causes by adequate
care for women at childbirth and the reducible
causes by adequate care to the newborn, with a
continuous trend for these causes. In late neonatal
mortality, in 2008, the major causes were the
reducible causes by adequate care for women during
pregnancy, the reducible causes by adequate care to
the newborn and the reducible causes by adequate
care for women at childbirth, respectively. This
pattern changed substantially in 2017, when the first
cause was reducible by adequate care for women at
childbirth, the second reducible cause was by
adequate care for women during pregnancy and the
third one was the reducible causes by adequate care
to the newborn (Figure 2). Every year there was a
decrease, an average of 0.19 (CI95%= -0.27; -0.11)
in neonatal mortality rate due to reducible causes by
adequate care for women during pregnancy (Table
3).

South Region
In the early neonatal mortality, there was a

reduction during the analyzed period and this
decrease occurred in preventable causes. This
pattern was not the same for the late neonatal
mortality, which had an increase after 2010,
followed by a decrease after 2014. This was more
relevant in mortality for preventable causes (Figure
1). This decreased tendency in the neonatal mortality
rate for preventable causes was, an average of 0.24
(CI95%=-0.45; -0.04)per year (Table 2). 

The first early neonatal mortality cause was
reducible by adequate care for women during preg-
nancy, which showed a continuous trend. The second
cause in 2008 was a reducible one by adequate care
to the newborn, but it presented an important
decrease and, in 2017, it represented the third cause.
The reducible causes by adequate care for women at
childbirth showed a continuous trend, and it was the
second cause in 2017. In the late neonatal mortality,
the reducible causes by adequate care to the newborn

were the major cause until 2010 and kept falling
until 2017. The reducible causes by adequate care
for women during pregnancy stood in second place
and showed a growth tendency between 2010 and
2014 – when it represented the first cause – followed
by a decline. The third cause was a reducible one by
adequate health promotion actions, which had a
decreasing trend. The reducible causes by adequate
care for women at childbirth showed an increasing
trend between 2008 and 2014, followed by a decline
and it represented the fourth cause in 2017 (Figure
2). The main reduction in neonatal mortality was due
to adequate care for the newborn, which showed a
decrease, an average of 0.20 (CI95%= -0.31; -0.10)
in the neonatal mortality rate from preventable
causes per year (Table 3).

Discussion

In Espírito Santo, there was a decreasing trend in
neonatal mortality for preventable causes, although,
they still represented about 71% of neonatal
mortality causes in 2017. The reduction was greater
in the late neonatal component, in which the
preventable causes represented approximately 67%
in 2017, with an important participation of reducible
causes by adequate care for women during preg-
nancy and at childbirth and to the newborn. In
Espírito Santo and the Metropolitan region, the
reduction was significant due to adequate care for
women during pregnancy and due to adequate care
to the newborn in the South region. This pattern is
similar to what is shown in other Brazilian States,10-

13 in Brazil1 and in Argentina, which presented 68%
of the neonatal deaths due to disorders in perinatal
period, including newborns affected by complica-
tions related to pregnancy, labor and childbirth.14

It is known that preventable death causes reflect
the quality of health services and the social inequali-
ties,3,6 therefore, there are differences in the neonatal
mortality causes in developed countries, such as in
Australia, that presented an important participation
of NC-preventable causes, as congenital anomalies
(28%) and neurological conditions (11%) in neonatal
mortality.15 While in developing countries, such as
Pakistan, there was an increase in neonatal mortality
related to ineffective newborn care between 1991
and 2013.16 Furthermore, a study developed in a
tertiary public healthcare facility in the same country
showed that infectious diseases were the leading
neonatal mortality cause, including respiratory
distress syndrome (24%) and sepsis (18%).17 In
Ethiopia, prematurity, asphyxia and infections were
also the main causes of neonatal deaths.18
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This study showed an increase in late neonatal
mortality by preventable causes between 2010 and
2014 in Espírito Santo, especially for the reducible
causes by adequate care for women during preg-
nancy. There was a reduction in health financing in
the State in 2009 reflecting the international
economic crisis occurred in 2008.19-21 Although, the
official documents of the State revealed a continuous
investment in primary care and an increase in
maternal and infant care, due to the change in the
paradigm of the hospital-centric system to the
primary care model, which occurred in that
period.19-21 Therefore, this pattern could not be justi-
fied by a lack of investment in infant and maternal
health between 2008 and 2011.19-21 An ecological
study developed in Pernambuco to evaluate the
impact of prenatal, childbirth and newborn health
care programs in neonatal mortality for preventable
causes, showed a reduction in this index, not related
to the creation of these programs, showing that there
are other factors also influencing in preventable
neonatal mortality, as the quality and availability of
high complexity services, such as neonatal unit care,
that represents a higher impact in neonatal
mortality.22

It was noticed that, in 2016, the smallest
neonatal mortality rate was from the Metropolitan
region of Espírito Santo, however, the prenatal
coverage was higher for the North and Central
regions in 2015.7 The proportion of live births of
mothers with seven or more prenatal appointments
was 72% in the North, 74% in the Central Region,
68% in the Metropolitan and 63% in the South
region.7 In Pernambuco, there was also an increase
in prenatal care coverage in the countryside regions
and not related to a reduction in neonatal mortality
by preventable causes.22 This result shows that is
necessary not only to expand the prenatal coverage,
but also to improve the quality of the care offered.

Furthermore, a national cohort study showed that
prematurity and low birth weight were the main
factors related to neonatal mortality23 and it is
known that prematurity may occur for iatrogenic
reasons, such as cesarian section without technical
indication.3,23 The same research found that the
cesarian section represented almost 57% of child-
births between 2011 and 2012 in the Country23 and
that almost 50% of the newborns under 1,500g that
were born in a hospital without neonatal intensive
care, died, highlighting the importance of high
complexity maternity hospitals.23 In 2015, there
were 63% of cesarian sections in Espírito Santo,
placing it at fourth in the country ranking.7 The
proportion of cesarian section in the same year for

the regions, was 60% in the North, 64% in the
Central, 61% in the Metropolitan and 70% in the
South.7 Therefore, these numbers show the impor-
tance to prevent the evitable prematurity by adequate
prenatal care and reduction in over medicalization of
childbirth.3 There is a paradox, which shows that the
technology in health services may lead to a decrease
in neonatal mortality or it may increase this index by
promoting iatrogenic actions in childbirth care.6,24

Despite the considerations above, there was a
reduction in neonatal mortality by preventable
causes between 2008 and 2017 and important
advances in maternal and infant care in the public
health system occurred during this period. Between
2012 and 2013, the government adopted three impor-
tant programs: the Rede Cegonha, which is a
strategy to organize the maternal and infant health-
care in the Country, focused in a multi-professional
team; the Rede Bem Nascer, which represented an
important investment in low and high risk maternity
hospitals in the four health regions; and Rede
Materno Infantil, which focused in training the
health professionals in breastfeeding skills, neonatal
resuscitation and adequate care to preterm
newborns.25 In addition, the primary health care
coverage in Espírito Santo increased almost 5%
between 2008 and 2017, reaching nearly 71% in
2017.26

There was an improvement in pediatric care in
2017 with the creation of another twenty-four-hour
emergency center and the increase in hospital beds
in infant hospitals in Metropolitan and South
regions.26 In 2017, it was also created the Rede
Cuidar, a strategy to organize healthcare that
increased the capacity of hospitals to normal and
high risk childbirth care in the North region.26 As the
data about the following years is not available in the
public domain yet, other studies are necessary to
evaluate the impact of these new health politics in
neonatal mortality.

Some positive points and limitations of this
study should be highlighted. An important limitation
was the use of secondary data, obtained from the
information systems, so, it may occur underre-
porting. However, a document from the Sistema
Nacional de Vigilância (National Surveillance
System) showed that the ratio between the deaths
reported to SIM and those estimated for the Instituto
Brasileiro de Geografia e Estatística (IBGE)
(Brazilian Institute of Geography and Statistics) in
Espírito Santo was about 97%in 2009, being above
the average for Brazil.27 A study that evaluated the
quality of SIM data in Espírito Santo between 2007
and 2009 demonstrated regular and bad complete-
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