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Trend of preventable neonatal mortality in the States of Brazil

Abstract

Objectives: to describe the trend of preventable neonatal mortality due to interventions
by the Unified Health System in Brazil from 2000 to 2018, according to groups of causes of
death and maternal residence.

Methods: mixed ecological study with data from the Mortality Information System and
Information System on Live Births. The analysis occurred based on the number and rates of
avoidable neonatal mortality, polynomial regression models by least squares method and
thematic maps.

Results: the avoidable neonatal mortality rate decreased from 10.98 in 2000 to 6.76 per
1,000 live births in 2018. Preventable causes prevailed due to adequate care for women
during pregnancy, childbirth, fetus and newborn. Deaths from preventable causes from health
promotion actions during pregnancy increased in Maranhão (p=0.003) and the Federal
District (p=0.001) and remained stable in nine states. There was stability in the rates of
mortality due to delivery in Maranhão, Piauí and Amazonas. The causes avoidable by actions
with the newborn showed a decreasing trend, except for Roraima where there was stability.

Conclusions: there are inequalities in trends of avoidable neonatal mortality rates in the
states second according to the group of causes  and the need to improve access to and quality
of maternal and child health care in these places
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Introduction

Neonatal death is that which occurs from zero to 27
days of life and is considered an important indicator
of public health in countries,1,2 with causes related
to healthcare offered during pregnancy, childbirth
and after birth.3,4

Although it is the main component of infant
mortality, neonatal deaths worldwide reduced from
37 deaths per 1,000 live births in 2000 to 18.0 per
1,000 live births in 2017.3 In Brazil, the neonatal
mortality rate, which was 26 deaths per 1,000 live
births in 1990, declined to 16.7 per 1,000 live births
in 2015.5 The implementation of public policies
aimed at improving maternal and child health care
contributed to this decline in Brazil, including the
National Program for the Humanization of
Childbirth and Birth in 2000 and the Stork Network
in 2011, aiming to achieve the goals established in
the Millennium Development Goals (MDGs),
defined by the United Nations (UN).6

The main risk factors for neonatal death are the
absence or low quality of prenatal care, maternal
health complications during pregnancy, low birth
weight, asphyxia at birth and prematurity,7 which are
injuries considered preventable by health service
interventions.8 The eradication of preventable
neonatal mortality is part of the UN Sustainable
Development Goals (SDGs),9 and understanding the
trend of mortality can help achieve this goal.10

The trend analyses of neonatal mortality coeffi-
cients are important for the evaluation of policies
and projection of mortality, being useful tools for the
planning of health actions.11 A worldwide study on
the trend of neonatal mortality in the period from
1990 to 2017 demonstrated the reduction of neonatal
mortality rates, which declined from 30.6 deaths per
thousand live births, in 1990, to 18.0 deaths per
1,000 live births in 2017. The study forecast the
occurrence of 27.8 million neonatal deaths world-
wide, from 2018 to 2030,10 if the trend level of
reduction of coefficients in countries is maintained.
Thus, the identification of the trend of avoidable
neonatal mortality in different spaces and realities
can optimize care practices, contribute to the rational
use of resources and reorganize care networks to
promote the reduction of health inequities.12

Providing scientific evidence for the evaluation
of implemented policies and planning of measures
aimed at reducing preventable neonatal mortality in
the states of Brazil was the motivation of the study
that aimed to analyze the trend of preventable
neonatal mortality by interventions of the Unified
Health System, according to groups of causes and

maternal state of residence, in the period from 2000
to 2018.

Methods

This is a mixed ecological study, with spatial and
temporal approach, of preventable neonatal deaths
that occurred in the states of Brazil, from 2000 to
2018. The period is justified by considering the year
2000, the date of publication of the "Millennium
Declaration" of the UN, an important moment of the
establishment of goals for the improvement of social
and health indicators of nations.

Data from the Mortality Information System
(SIM – Portuguese acronym) were used, which aims
to systematize information from the Death
Certificate throughout Brazil and the Information
System on Live Births (SINASC – Portuguese
acronym) that includes the records of the
Declarations of Live Births in Brazil. SIM and
SINASC files are available according to year and
state of residence.

The records of deaths aged less than or equal to
27 days had their causes classified as preventable or
non-preventable. The classification occurred by
comparing the International Code of Diseases (ICD)
of the basic cause of death field (CAUSABAS), with
the codes contained in the "List of causes of
preventable deaths by interventions of the Brazilian
Unified Health System".8

The preventable causes of the list are distributed
in the following groups: 1) Reducible by immuno-
prevention actions; 2.1) Reducible by adequate care
of women during pregnancy; 2.2) Reducible by
adequate delivery care; 2.3) Reducible by adequate
attention to the newborn; 3) Reducible by appro-
priate diagnostic and treatment actions; and 4)
Reducible by appropriate health promotion actions.
Poorly defined causes of death and other causes were
excluded from the analysis.

The analysis of neonatal deaths according to a
group of preventable causes8 and place of residence
occurred through absolute and relative frequencies,
year of occurrence, triennium (2000 to 2002; 2008
to 2010; 2016 to 2018) and neonatal mortality rates
per 1,000 to 2002; 2008 to 2010; 2016 to 2018) and
neonatal mortality rates per 1,000 live births. For the
rates of the first (T1) and last (T3) trienniums, the
percentage variation was calculated using the
formula: (T3-T1)/(T1) x 100.

For the analysis of the trend of the three main
groups of preventable causes, polynomial regression
was performed by minimum squares method, consi-
dering the calendar years as an independent variable
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(X) and the avoidable neonatal mortality rate as
dependent variable (Y). The linear regression models
(Y = β0 + β1X), second order (Y = β0 + β1X + β2X2)
and third order (Y=β0+ β1X + β2X2 + β3X3) were
tested. The residue analysis was used to evaluate the
adequacy of the model, as well as the homoscedas-
ticity of the variables by states and group of causes.
A significant trend was considered one whose model
presented p<0.05. Through the equations, it was
possible to identify the mean of the avoidable
neonatal mortality rate in the period in the states
(β0), as well as the impact of the reduction or
increase in the year desired to be estimated. The soft-
ware used was SPSS Statistics, version 20.0.

The trend of neonatal mortality in each state was
represented in thematic maps, based on the map of
Brazil available on the website of the Brazilian
Institute of Geography and Statistics (IBGE –
Portuguese acronym). The maps were constructed
with the open-source Geographic Information
System (GIS) QGIS version 3.4.

The precepts contained in Resolution 510/2016
of the National Health Council were respected and
because it is a research with secondary data, in the
public domain, without the identification of neonates

or their families, this study was exempt of the use of
the Informed Consent Form (TCLE – Portuguese
acronym).

Results

From 2000 to 2018, 56,442,235 records were identi-
fied in SINASC and 591,097 records of neonatal
deaths in SIM, 76% of which were classified as
preventable by interventions by the Unified Health
System. The neonatal all-cause mortality rate
decreased from 13.60 per 1,000 live births in 2000
to 8.54 in 2018. On the other hand, the avoidable
neonatal mortality rate decreased from 10.98 per
1,000 live births in 2000 to 6.76 in 2018. The mean
rate of avoidable deaths in the period was 8.38.

A reduction in avoidable neonatal mortality rates
was observed in all regions of Brazil. The North and
Northeast regions had the highest rates of avoidable
neonatal mortality during the period, and the South
region had the lowest (Figure 1).

There was a reduction in avoidable neonatal
mortality rates in the states of Brazil, except for
Roraima (North Region) and Maranhão (Northeast
Region) which showed an increase of 12.64% and

Figure 1

Distribution of avoidable neonatal mortality rates, by region. Brazil, 2000 to 2018.
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6.94%, respectively. The main reduction in the
avoidable neonatal mortality rate (-54.41%) was
identified in the state of Rondônia (North Region)
(Table 1).

Preventable neonatal deaths occurred mainly due
to causes related to adequate care for women during
pregnancy (44.02%), adequate care for the fetus and
newborn (34.96%) and adequate attention to women
during childbirth (18.65%). The rate of neonatal
mortality preventable by immunoprevention actions
decreased by 89.14%, while the rate of adequate care
for women during pregnancy decreased by 13.73%
(Table 2).

The rate of neonatal mortality preventable by
adequate attention to pregnancy showed a decreasing
trend in 16 states, except for the growing trend iden-

tified in the states of Maranhão (p=0.003) and the
Federal District (p=0.001). There was stability in the
mortality rate due to these causes in nine states in the
North, Northeast and Midwest regions (Table 3). It
was observed in the maps that the rates of neonatal
mortality preventable by adequate attention during
delivery remained stable in the states of Maranhão,
Piauí and Amazonas, and for the others it was shown
a decreasing trend (Figure 2).

Discussion

From 2000 to 2018 there was a reduction in the
avoidable neonatal mortality rate in Brazil and in
most states. The neonatal all-cause mortality rate has
followed the downward trend, but still has high coef-

Table 1

Preventable neonatal mortality rate (per thousand live births) according to state of residence for three years. Brazil,

2000 to 2018.

Region/ State                                                    2000-2002               2008-2010                2016-2018                      PV

North

Rondônia 12.69 8.61 5.78 -54.41

Acre 10.99 7.76 6.45 -41.32

Amazonas 11.51 7.49 7.97 -30.71

Roraima 7.17 6.91 8.08 12.64

Para 11.67 9.83 8.56 -26.69

Amapá 15.13 13.59 9.88 -34.73

Tocantins 10.81 7.99 6.45 -40.31

Northeast

Maranhão 7.60 8.97 8.12 6.94

Piauí 9.47 10.15 8.19 -13.47

Ceará 11.01 8.07 6.65 -39.65

Rio Grande do Norte 10.73 7.77 6.41 -40.20

Paraíba 11.23 8.41 6.57 -41.47

Pernambuco 12.14 8.73 6.73 -44.59

Alagoas 13.83 10.00 7.05 -49.03

Sergipe 16.69 9.09 9.41 -43.59

Bahia 11.85 10.11 8.80 -25.77

Southeast

Minas Gerais 10.35 7.46 5.71 -44.83

Espírito Santo 9.13 6.53 5.49 -39.86

Rio de Janeiro 10.13 7.25 6.54 -35.42

São Paulo 8.47 6.36 5.57 -34.24

South

Paraná 9.34 6.55 5.43 -41.86

Santa Catarina 7.33 5.49 4.75 -35.27

Rio Grande do Sul 7.32 5.88 5.17 -29.41

Midwest

Mato Grosso do Sul 11.33 8.48 5.27 -53.47

Mato Grosso 11.70 7.90 6.30 -46.14

Goiás 8.55 6.84 6.74 -21.13

Distrito Federal 7.90 6.39 5.92 -25.11

Brazil 9.99 7.67 6.48 -35.10

PV = percentage variation in the mortality rate between the first and last three years. 
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Table 2

Preventable neonatal mortality rate by group of causes for three years. Brazil, 2000 to 2018.

Cause group                                       2000-2002 2008-2010                                  2016-2018                           PV

n             %        rate            n             %          rate                n             %         rate                                                                

Care during pregnancy 34,622 36.93 3.69 30,829 46.32 3.55 27,783 49.12 3.18 -13.73

Care to the NB 39,223 41.83 4.18 21,533 32.35 2.48 17,262 30.52 1.98 -52.68

Attention to childbirth 17,347 18.50 1.85 12,824 19.27 1.48 10,314 18.24 1.18 -36.08

Health promotion 1,243 1.33 0.13 778 1.17 0.09 790 1.40 0.09 -31.67

Diagnosis / adequate treatment 1,229 1.31 0.13 571 0.86 0.07 401 0.71 0.05 -64.92

Immunization 99 0.11 0.01 27 0.04 0.003 10 0.02 0.001 -89.14

PV = percentage variation in the mortality rate between the first and last three years.

Figure 2

Neonatal mortality trend due to adequate care for women during pregnancy (A), adequate care during birth (B) and

adequate care for the fetus and newborn (C). Brazil, 2000 to 2018.
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ficients compared to other countries.13-15

The reduction observed in the states, except for
Roraima and Maranhão, was the result of changes in
the economic, educational, environmental and health
care spheres that occurred in recent decades in Brazil
that affected the health of mothers and children.
Through intersectoral policies, problems such as low
schooling, poverty and poor basic sanitation condi-
tions were faced.6 The implementation of social
programs such as Family Grant, health promotion
and universalization, such as the Family Health
Strategy, and maternal and child health, such as the
Stork Network, allowed access to income, education
and expansion of health services of greater
complexity.16,17 It is understood that these actions
influenced the empowerment of women and society
in relation to social and reproductive rights,
contributed to the structuring of maternal and child
health services and helped reduce social inequities in
some places, improving neonatal mortality indica-
tors due to preventable causes.

Investigations of deaths by committees to
prevent infant and fetal mortality in states are
considered as allies in the reduction process.
Preventable death is a sentinel event and the
committees emerged to give visibility, investigate
and monitor these deaths, in addition to proposing
interventions to cope with them.14

At the regional level, states have implemented
local maternal and child health policies and the
results in preventable neonatal mortality may have
disparities, according to the social and economic
development of each region. In Pernambuco, for
example, there was the implementation of the
Mother Owl Program in 2007, aimed at prenatal
care, qualification of childbirth and care for the
newborn. A study in this state demonstrated a
decrease in preventable neonatal mortality, espe-
cially in the early neonatal phase, due to the expan-
sion of the high-risk network proposed in the
program.18 It is observed that preventable causes are
concentrated in groups related to the care of the
mother-child binomial and, in order to have an
impact on the improvement of indicators, it is essen-
tial that managers and health professionals are
imbued with technical and scientific knowledge for
the management and comprehensive, humanized and
resolutive care in prenatal care, birth and first month
of life, as recommended in the policies.

Preventable causes due to adequate care for
women during pregnancy were frequent and showed
the lowest reduction among groups (-13.73%). It was
observed in the maps the increase in neonatal
mortality rates due to these causes in the state of

Maranhão and the Federal District, and stability in
the states of Amazonas, Roraima, Pará, Amapá,
Tocantins, Piauí, Rio Grande do Norte, Bahia and
Goiás. Stability shows a warning sign for managers
and health professionals since the downward trend
was expected due to the implementation of policies
and programs.

Pregnant women need support from health
professionals because they present physiological and
psychological conditions that influence fetal deve-
lopment and neonatal life. However, social and indi-
vidual inequalities define access and quality of
prenatal care, such as pregnancy in adolescence,
residence in small municipalities in the interior and
with a low Human Development Index.19 Pregnancy
planning and women's satisfaction when discovering
prenatal care also imply in prenatal quality indica-
tors.20 Intersectoral public policies aimed at adoles-
cents and improving women's social conditions may
be considered insufficient to reduce avoidable
neonatal mortality in the states of Brazil.

In this context, the importance of prenatal
consultation for pregnant women in vulnerable situ-
ations with qualified professionals is emphasized.
The number of prenatal consultations for each
Brazilian pregnant woman was considered satisfac-
tory,6 but the amount is not sufficient to reduce
health inequities.21-22 The common models of care
that deal only with the biological aspects of the preg-
nant woman have not been sufficient to cover
maternal and fetal needs in all their fullness. There
are economic, family, education and housing diffi-
culties that imply higher risk pregnancies and
neonatal mortality, and it is necessary to structure
comprehensive policies, the responsibility of
managers and training of professionals to improve
social and health indicators of women and families
that affect preventable death.

The prenatal case management model has been
shown to be a positive strategy for maternal and
neonatal health. It deals with a model of care that
uses active action of the professional, differentiated
management for cases of greater complexity, aid in
the dynamics between different services and health
professionals, optimizing the integrality of care.23

Preventable deaths from causes related to child-
birth were responsible for another significant portion
of neonatal deaths (18.65%). It was demonstrated in
the maps that there was no growing trend for this
group of causes, but Maranhão, Piauí and Amazonas
presented stability. After pregnancy, qualified care
for delivery becomes fundamental for the prevention
of neonatal mortality and is associated with adequate
infrastructure, availability of materials and profes-
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sional training, which when absent or insufficient
result in weaknesses in the labor care network such
as delay in care, institutional violence and unfavo-
rable neonatal outcomes.24-27

A literature review pointed out several problems
faced by professionals who deliver in low- and
middle-income countries, such as lack of training,
low salaries, lack of equipment, extended working
hours, inadequate spaces, low amounts of supplies
and medicines, and even lack of electricity and water
supply.28 Places that need qualified care the most,
due to structural and social problems, have difficul-
ties that worsen the work process and influence
neonatal mortality.

Regarding avoidable mortality rates due to
adequate care with the newborn, a decreasing trend
was observed in the states, except for Roraima,
which presented stability. The rates of deaths due to
care in this group reduced by 52.68% in Brazil
considering the first and last three years of the study.
This result was expected due to the expansion of
beds in neonatal intensive care units and scientific
advances in some regions, which influence the
supply of new care technologies,29 mainly for the
prevention of death in the first 24 hours of life.2,15

Rates of neonatal mortality preventable by
immunoprevention, diagnosis, timely treatment and
health promotion actions were less frequent and
reduced during the study period. National programs
promoting breastfeeding, immunization and expan-
sion of the Family Health Strategy, considered world
references, have contributed to improve the indica-
tors for these causes.6

The limitation of the study refers to the ecolo-
gical fallacy of making inferences at the individual
level based on aggregated population data. However,
the study analyzed preventable neonatal mortality in
Brazil through data from the information systems of
the Ministry of Health that assist in the analysis of
the health situation of Brazilian population, planning
and evaluation of health programs and policies.30

Studies that include evaluation of the quality of
maternal and neonatal care in each state and difficul-
ties of professionals in relation to prenatal, childbirth
and care interventions with the newborn are neces-
sary to develop strategies to prevent preventable
deaths.
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