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Abstract

Objectives: to analyze neonatal deaths according to avoidability and to analyze the temporal trend
of neonatal mortality rate (NMR) in Niteroi/RJ, 2012-2022.

Methods: ecological time series study. Data from Sistema de Informagdo sobre Nascidos Vivos and
Sistema de Informacgdo sobre Mortalidade. NMRs were calculated according to maternal and neonatal
variables and trends were estimated using the joinpoint regression.

Results: the annual number of live births (LB) fell, with a decreasing trend among adolescents
and those with low education level. Of the 324 deaths, most occurred early (0-6 days), by preventable
causes in 68.6%, predominating those reducible by adequate care during pregnancy. The overall NMR
remained stable, ranging from 4.2 to 6/1,000 LB, being higher at the extremes of maternal age (12.7
and 8.6/1,000 LB in 2022, adolescents and over 35 years old, respectively), in low education level
mothers (27.6/1,000 LB in 2022), in neonates <1,500g and <32 weeks (293.1 and 250/1,000 LB in
2022, respectively). NMR trend was upward in low schooling women, white-colored, adolescents and
those >335 years, in babies weighing <1,500g and >2,500g, and for avoidable causes.

Conclusions: the high proportion of preventable causes reveals the reduction potential. There was
inequality in NMR and its trend, demanding more equitable health actions.

Key words Neonatal mortality, Health information systems, Causes of death, Time series study,
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Introduction

The monitoring of infant deaths is still a priority
worldwide'. During childhood, the neonatal period is
the most vulnerable and, globally, neonatal mortality
accounts for over half of infant deaths.! In the context of
the Sustainable Goals, the goal for Neonatal Mortality
Rate (NMR) is the reduction, until 2030, to a maximum
of 12 per 1,000 live births (LB). Some European countries
(Germany, Denmark, France, Finland, Italy, Norway,
Portugal, England, Scotland, Wales, Northern Ireland
and Sweden), and the United States and Canada, in North
America, have NMR under or equal to 3 per 1,000 LB,
whilst in Latin America, Chile, Uruguay (4.0/1000 LB)
and Cuba (2/1000 LB) have the lowest values.'

The most recent estimate in Brazil is from 2021 and
registered a NMR of 8.0/1,000 LB, which represents a
great advance, since in 2000, the value was 19/1000 LB.!
Still, socioeconomic inequalities within Brazilian regions
lead to different scenarios in a national perspective. For the
year 2020, these rates were 9.9 in the North Region, 9.4
in the Northeast, 7.9 in the Midwest, 7.6 in the Southeast
and 6.8/1,000 LB in the South Region.?

The state of Rio de Janeiro demonstrated the highest
rates of infant and neonatal mortality among the other
states that compose the Southeast Region in 2020: 14.3
and 8.8 per 1000 LB, respectively.?

The causes of neonatal death are mostly avoidable,
with the presence of qualified healthcare during the
prenatal and delivery period, and for the newborn.® In
Brazil, from 2000 to 2018, the most frequent causes
of avoidable neonatal death were respiratory distress
syndrome, asphyxia at birth and sepsis, and a decreasing
trend of mortality due to these causes was observed
in Brazilian regions from 2000 to 2008, mostly in the
beginning of the analyzed period, with rare exceptions.>*

The use of information systems related to vital
statistics has been increasingly relevant in the study of
infant mortality.*® The Live Birth Information System
(Sinasc — Portuguese acronym) and the Mortality
Information System (SIM — Portuguese acronym) are
global information systems from the Ministry of Health
(MH), which have demonstrated a relevant increase in
quality for the last years, mainly the Sinasc.>¢

Local studies, in a level of smaller areas, such as
a municipality, have been upheld due to their potential
in the identification of health inequalities, which many
times are dissimulated by national or state average
statistics. Considering the municipality management,
local indicators are strongly relevant to the definition of
public policies.’

This study aims to analyze neonatal deaths due to

avoidable causes and the temporal trend between 2012 and
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2022 in the municipality of Niterdi (RJ). We also expect
to contribute to the identification of inequalities and to
subside municipal public policies that aim at vulnerable
populations.

Methods

It is an ecological annual time series study (2012 to 2022).
The population is composed of live births and neonatal
deaths, of mothers residing in the city of Niteroi.

The inclusion criteria of live births (LB) were single
fetus pregnancy, gestational age (GA) equal or above
22 weeks, birth weight equal or above 500g. Multiple
pregnancies or neonates with birth weight <500g and GA
<22 weeks were excluded due to their differentiated risks
and low viability, respectively.!® The deaths were those
that occurred in the neonatal period (early from 0 to 6 and
late from 7 to 27 days), with the same inclusion criteria
than live births.

The city of Niter6i has 480 thousand inhabitants, of
which 5000 are under one year of age. The city presents
the best Human Development Index (HDI) in Rio de
Janeiro (RJ) state, and the seventh position in the national
ranking.!" The city presents a structure of services from
the primary to quaternary levels, possesses three public
hospitals and three private hospitals with maternity,
serving as the reference for the demand from other
municipalities that compose Metropolitan Region II of
the state of Rio de Janeiro.!?

The source of data was the website about health
information of the Health Secretariat of Rio de Janeiro
state, from which it was possible to access data from
Sinasc and SIM (RJ).

Annual neonatal mortality rates (NMR) were
calculated with the equation [number of neonatal deaths
*1,000/ number of live births].

The profile of live births and the NMRs were analyzed
according to maternal sociodemographic variables and the
prenatal care, and those from newborns (NB), namely:

-Maternal variables obtained from Sinasc: age (<19
years, 20 to 34 years and >35 years), schooling (<7 years,
8 to 11 years and >12 years) and race/color (white, black
and brown), prenatal consultations (0 to 3, 4 to 6 and 7
and more).

-Newborn (NB) variables obtained from Sinasc: birth
weight (<1,500g — very low weight; <2,500 — low weight
and >2,500g non-low weight), 5" minute Apgar score (0 to
3 —severe asphyxia; 4 to 6 — moderate asphyxia and 7 to 10
— good vitality), gestational age (<32weeks — very preterm,
<37 weeks — preterm and >37 weeks non-preterm).

-Neonatal deaths variables obtained from SIM:
maternal age (<19 years, 20 to 34 years and >35 years),
maternal schooling (<7 years, 8 to 11 years and >12 years),



color of NB, birth weight (<1,500g — very low weight;
<2,500 — low weight and >2,500g non-low weight),
gestational age (<32weeks — very preterm, <37 weeks —
preterm and >37 weeks non-preterm).

The variables “prenatal consultations” and “5%
minute Apgar score” are only present at Sinasc. In order
to assess the completeness of information selected from
SIM and Sinasc, the score proposed by Romero and
Cunha' was used, which corresponds to the following
levels of evaluation, according to the percentage of absent
information: excellent (lower than 5%), good (5% to
<10%), regular (10% to <20%), bad (20% to <50%) and
very bad (50% or more).

For the classification of death causes, the Brazilian
List of Avoidable Causes of Death (LBE — Portuguese
acronym) was used, by intervention of the Unified
Health System in children under 5 years of age.'® This
document proposes the organization of deaths according
to avoidable causes, ill-defined and not clearly avoidable.
The classifications within the avoidable causes group
comprises every action of mother and child care, such as
immunoprevention, assistance to women in pregnancy
and delivery, assistance to the fetus and to the newborn
and those related to adequate diagnosis and treatment of
pathologies. In addition, the frequency of specific causes
were described (three digits of the ICD-10) according to
LBE groups.

The maternal variables “age”, “color” and “schooling”
were analyzed for the characterization of inequalities of
magnitude and trend of neonatal death risk. The age range
0f 20-34 years, white color and schooling >12 represented
the situation of lower vulnerability.

For the trend analysis in the time series, the
Joinpoint regression model was used, which adjusts, in
a logarithmic scale, linear trends and changes of these
trends (joinpoints). For the significance test, we use
the Monte Carlo Permutation Method, which adjusts the
better line for each segment. Since these segments are
not established, the estimated trends are represented by
their respective annual percentages (MPA — Portuguese
acronym). The MPA is calculated in this way: MPA =
100x (It+1 —1t) / I, when I is the indicator of the year (It)
and in the next year (It+1). Considering the logarithmic
scale regression, log (it) = (b0 + b1t), MPA = 100 x (ebl
— 1), and the 95% confidence interval is calculated by the
parametric model. The models were evaluated with and
without autocorrelation term (AC), maintaining the AC
term in the models in which the MPA underwent a change
higher than 0.2%. We highlight that the joinpoints or trend
change, if present in the time series, are not necessarily
coincident between the variables and the categories of
the variables, and, thus, the segmentation of periods of
estimated trends may differ. The model identifies the

Neonatal mortality in Niteroi/RJ, 2012 to 2022

presence and temporal location of joinpoints. The trends
of annual rates of neonatal mortality according to maternal
characteristics demonstrated in graphs were better
visualized in logarithmic scales, allowing the observation
of the percentage distance between two points.

The project was approved by the Research and Ethic
Committee of the Faculty of Medicine of the Fluminense
Federal University (CAE n°71323023.00.0000.5243)
under opinion 6.592.725, from 12/19/2023.

Results

The absolute number of LB was 5721 in 2012 and 5016
in 2022, demonstrating, thus, a decrease of 15.6% for the
period. The maternal and prenatal care sociodemographic
information and that of the LB obtained from Sinasc had
demonstrated excellent completeness, with less than 5%
of ignored information.

The proportion of adolescent mothers is the lowest
among the age ranges and has demonstrated a decrease,
the most intense in the period from 2017 and 2022. On the
other hand, there was a constant increase of pregnancies
of those with 35 years or more. The schooling profile
demonstrates a lower proportion of women with low
schooling, with a constant trend of decrease. Inversely, the
proportion of mothers with medium and high schooling
has been increasing since 2014. The proportion of white
mothers is the highest of the municipality, although it has
been demonstrating a decreasing trend since 2012. The
proportion of black mothers, the lowest in this variable,
demonstrated an increasing trend. Until 2019, the registry
of brown mothers had been increasing and kept stable from
2019 to 2022 (Table 1).

Around 80% of women performed seven or more
consultations in the entire period, although, since 2016,
a decreasing trend of this percentage was registered.
The proportion of women with four to six consultations
increased since 2015 (Table 1).

The live births concentrated on the ranges of weight
>2,500g and gestational age >37 weeks. From 2017, it was
observed an increase in the prevalence of neonates with
low birth weight (without increase of the extreme group,
0f'<1,500g), reaching 8.1% of the total. On the other hand,
the prevalence of prematurity decreased, from 11 to 9.3%
(without changes in the extreme group of <32 weeks).
Most neonates are born with good vitality conditions,
with only 1% of registration of asphyxia. Severe asphyxia
maintained stability and moderate asphyxia decreased
(Table 1).

324 neonatal deaths were registered, of which, around
70% occurred in the early neonatal period (0-6 days).
Most deaths are located in the groups of newborns with
weight <2,500g (75.2%) and gestational age <37 weeks
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Table 1

Percentage distribution of live births according to maternal and neonatal characteristics and temporal trend. Niter6i, RJ, 2012 and 2022.

2012

2022

. . o
Variables (n =5.751) (n = 4,858) Period MPA (C195%) Trend
Maternal age (years)
2012-2017 -2.9 (-4.2;-1.4) Decrease
<19 14.2 8.2
2017-2022 -8.0 (-9.3;-6.7) Decrease
2012-2018 -8.0 (-1.5;-0.2) Decrease
20-34 67.7 65.7
2018-2022 0.7 (-0.5; 1.9) Stability
>35 18.0 26.1 2012-2022 3.8 (3.0; 4.7) Increase
Maternal schooling (years)
<7 16.7 9.0 2012-2022 -5.4 (-6.6; -4.1) Decrease
2012-2014 -4.2 (-11.3; 3.5) Stability
8-11 48.4 46.8
2014-2022 1.1 (0.3; 2.0) Increase
2012-2014 6.5 (-1.1; 14.7) Stability
>12 34.9 43.8
2014-2022 0.9* (0.1; 1.7) Increase
Maternal Race/Color
White 56.1 45.6 2012-2022 -2.3(-3.1;-1.6) Decrease
Black 6.7 16.6 2012-2022 8.2(5.2; 11.4) Increase
2012-2019 3.1(1.0; 5.3) Increase
Brown 36.9 36.0
2019-2022 5.2 (-12.3; 2.5) Stability
Prenatal consultations
0-3 5.3 3.7 2012-2022 2.4 (-5.2; 0.4) Stability
2012-2015 -3.5(-9.4; 2.9) Stability
4-6 13.3 14.4
2015-2022 3.2(1.4;4.9) Increase
2012-2016 1.1(0.2; 2.0) Increase
7 and more 79.7 80.8
2016-2022 -0.6 (-1.0; -0.1) Decrease
Weight of Newborn (g)
<1,500 1.0 1.2 2012-2022 -0.1 (-3.3; 3.2) Stability
2012-2017 -4.0 (-7.2;-0.7) Decrease
<2,500 79 8.1
2017-2022 4.6 (1.1; 8.1) Increase
2012-2017 0.3 (0.1; 0.6) Increase
>2,500 92.1 91.9
2017-2022 -0.3 (-0.6; -0.1) Decrease
Gestational age (weeks)
<32 1.3 1.3 2012-2022 -0.2 (-2.9; 2.5) Stability
2012-2016 -7.6 (-12.5; 2.3) Decrease
32-36 9.8 7.9
2016-2022 1.6 (-1.4; 4.6) Stability
2012-2016 -7.3 (-11.2; -3.2) Decrease
<37 11.0 9.3
2016-2022 1.8 (-0.6; 4.1) Stability
2012-2016 1.7 (1.1; 2.2) Increase
>37 86.0 90.4
2016-2022 -0.2 (-0.5; 0.1) Stability
Apgar 5" minute
0-3 0.3 0.4 2012-2022 0.6 (-5.3; 6.9) Stability
4-6 0.8 0.5 2012-2022 -4.9 (9.2;-0.4) Decrease
7-10 98.2 98.6 2012-2022 0.0 (-0.0; 0.1) Stability

Source: Information System about Live Births; MPA = Mudanca Percentual Anual (Annual Percentage Change).

(72%). The annual completeness of information obtained
from SIM for birth weight was classified as excellent, and
for gestational age varied from excellent to good. For the
maternal sociodemographic variables, the completeness
of SIM varied over the period: age was between good (5
to 10% of ignored information) and excellent, and color
and schooling, between regular (10 to 20%) and excellent.
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According to LBE, 68.5% of deaths were clearly
avoidable, whilst 30.9% were considered non-clearly
avoidable (Table 2). Among the avoidable causes, the
highest proportion was that of the subgroup “reducible by
assistance to women during pregnancy”. In second place,
the subgroup “reducible by adequate care to the newborn”.
There were no deaths in the subgroup 1.1 (reducible by



Table 2

Neonatal mortality in Niteroi/RJ, 2012 to 2022

Causes of neonatal death (N=324) according to the Brazilian List of Avoidable Causes of Death. Niterdi, RJ, 2012 - 2022.

Groups of causes 2012 2013 2014

2015 2016 2017 2018 2019

2020 2021 2022 Total

1. Avoidable causes 17 14 25

1.2. Reducible by adequate care to

pregnancy, delivery and newborn 7 13 2

1.2.1. Reducible by adequate care to

R 10 7 16
women in pregnancy
1.2.2. Reducible by adequate care to
. 1 2 2
women at delivery
1.2.3. Reducible by adequate care to
6 4 7
the newborn
1.3. Reducible by the actions diagnosis 0 1 0
and adequate treatment
1.4 Reducible by promotion actions,
. . X 0 0 0
and linkage of assistance actions
2. lll-defined Causes 0 0 0
3. Other causes (not clearly avoidable) 7 14 13
Total 24 28 38

24 18 21 22 19 25 18 19 222

24 18 21 20 19 24 18 19 218

13 10 10 9 1 12 10 13 121
4 2 2 4 0 5 6 3 31
7 6 9 7 8 7 2 3 66
0 0 0 0 0 0 0 0 1
0 0 0 2 0 1 0 0 3
0 0 0 1 0 1 0 0 2
8 10 14 3 7 8 6 10 100

32 28 35 26 26 34 24 29 324

Source: Mortality Information System.

immunoprevention actions). Only for two neonatal deaths,
the certified cause of death was ill-defined (Table 2).

The time series of NMR according to avoidable
causes demonstrated an increasing trend, 3% per year,
with different behaviors: stability of causes related to
pregnancy, the increase of those reducible by adequate
assistance to delivery and the neonate, followed by
reduction of the latter (Table 3). Causes related to codes
1.3 and 1.4 were not analyzed, due to the low frequency
of deaths.

In Table 4, neonatal mortality rates are described,
totally and according to maternal and NB variables. The
number of neonatal deaths was 24 in 2012 and reached
29 cases in 2022. The global NMR in Niter6i, maintained
itself stable in the period, with oscillations.

The NMR was higher in the age extremes — adolescent
mothers and those with 35 years or more, both with an
increasing trend. It was also always more elevated in the
range of low schooling, the only in which was observed an
increase in the period. On the other hand, since 2014, NMR
in mothers with intermediate schooling decreased. There
was a change in NMR profile by color/race of mothers,
which concentrated the highest value of neonates of black
women, which, at the end of the period, possessed the
lowest NMR. There was an increasing trend in the NMR
among neonates of white women (Figure 1).

The NMR was higher as the ranges of birth weight
and gestational age were lower. The trend was increasing
in the range of <1,500g (very low birth weight - VLBW)),
between 2012 and 2017, and the range >2,500g, in the
entire period.

In 2020, there was an increase in the absolute number
of deaths, without relevant changes in the total of live
births, inversely, in 2021 and 2022, the absolute number
returned to the pre-pandemic level, although the birth rate
decreased in the municipality (data not shown in table).
The profile of avoidability was maintained in the range
>2,500g, with predominance of congenital malformations
as death cause.

Discussion

Women from Niteroi that had LB were predominantly
of the 20-34 years old range, with high/intermediate
schooling, white color and high attendance to prenatal
consultations. In the study period, there was a decrease
of pregnancy in adolescence and an increase in schooling.
The total neonatal mortality rates were stable, being
around 70% of them avoidable, mainly due to adequate
assistance during pregnancy. For adolescent mothers and
those with 35 years or more, white and those with low
schooling, there was an increase in NMR.
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Table 3

Temporal trend of neonatal mortality rate per 1000 live births (NMR) according to avoidability (LBE). Niterdi, RJ, 2012 - 2022.

Groups and subgroups of causes (rzlg;i) (gggg) Period MPA (C195%) AC Trend
1. Avoidable causes 3.0 3.9 2012-2022 3.0 (0.7; 5.3) -0.55 Increase

1.2 Reducible by adequate care to women in

pregnancy, delivery, fetus and to the newborn
1.2.1 Care to women during pregnancy 1.7 2.7 2012-2022 3.1(-1.7; 8.2) Stability
1.2.2 Care to women in delivery 0.2 0.6 2012-2022 11.7 (3.0; 21.0) -0.47 Increase
1.2. Care to fetus and newborn 1.0 0.6 2012-2017 8.5(1.9; 15.5) -0.73 Increase

2017-2022 -34.9 (-52.3; -11.2) Reduction

Source: Mortality Information System (SIM); AC = autocorrelation; MPA = Mudanca Percentual Anual (Annual Percentage Change); LBE = Lista Brasileira de Causas de

Mortes Evitaveis (Brazilian List of Causes of Avoidable Deaths).

Table 4

Neonatal mortality rate and temporal trend, according to maternal and newborn variables. Niteroi, RJ, 2012 - 2022.

Variable 2012 (n=24) 2022 (n=29) Period MPA (CI95%) AC Trend
Total 42 6.0 2012-2022 1.3 (-1.6; 4.4) Stability
Maternal
Age (years)
<19 6.1 12.7 2012-2022 2.7 (0.3; 5.2) -0.77 Increase
20-34 3.1 4.4 2012-2022 0.5(-3.2; 4.9) Stability
> 35 5.8 8.6 2012-2022 7.7 (2.5;13.3) -0.55 Increase
Schooling (years)
<7 6.3 27.6 2012-2022 9.7 (0.7; 19.4) -0.31 Increase
611 20 i 2012-2014 27.6 (-21.8; 108.2) a1 Stability
2014-2022 5.7 (9.7;-1.5) Decrease
>12 2.5 47 2012-2022 1.3 (-5.9; 9.0) Stability
Color/race
White 3.2 6.3 2012-2022 3.4 (0.9; 5.9) -0.74 Increase
Black 5.3 0.0 NA
Brown 3.9 6.3 2012-2022 0.0 (-4.5; 4.7) Stability
Neonatal
Birth weight (g)
2012-2017 10.1 (1.1; 20) Increase
<1500 233.3 293.1 -0.70
2017-2022 5.2 (-13.0; 3.3) Stability
<2500 42.0 58.2 2012-2022 0.5 (-3.4; 4.5) Stability
>2500 0.8 1.6 2012-2022 4.2 (1.4;7.0) -0.41 Increase
Gestational age (weeks)
<32 166.7 250.0 2012-2022 3.2 (-1.4; 8.1) Stability
32-36 10.7 12.6 2012-2022 -5.5(-14.2; 4.2) Stability
<37 28.4 46.6 2012-2022 2.1(-2.6; 7.0) Stability
>37 0.8 2.0 2012-2022 5.5(-0.7; 12.1) Stability

Source: Live Birth Information System (Sinasc) and Mortality Information System (SIM); AC= autocorrelation; MPA= Mudanca Percentual Anual (Annual Percentage

Change); NA= Not applied.

The reduction of proportion of adolescents and the
increase in proportion of pregnant women with 35 years or
more were already reported in the municipality, in the time
series 0f 2000 to 2009." The report Saiide Brasil 2022also
exposes, in a national level, the reduction of the fertility
rate of women aged 10-19 and an increase in the 40-49

Rev. Bras. Saude Mater. Infant., Recife, 24: €20230273

years old range.? According to the document, these are
reverberations of the trend of delayed childbearing, which
is compatible, mainly, with the demographic transition
Brazil is going through since the 90s.2

The decrease of pregnancy in adolescence is
beneficial, since pregnancy in this stage of life is generally
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Figure 1

Neonatal mortality rate (NMR) per 1000 live births (LB) (logarithmic scale) according to maternal characteristics.
Niteroi, RJ, 2012-2022.

Source: Live Birth Information System (Sinasc) and Mortality Information System (SIM).
A) Age (years); B) Color; C) Schooling (years of schooling).

associated with more severe maternal, perinatal and infant Analyzing prenatal care, we observed that, despite
outcomes.'® Likewise, the increase in pregnant women the high percentage of pregnant women that attended
with 35 or more, which is considered an age change that seven or more consultations, this category demonstrated a
follows development and educational level, may lead decrease, which is concerning. It is worth highlighting that
to a higher risk of unfavorable perinatal and maternal the inadequacy and/or absence of prenatal consultations
outcomes.!”!8 are risk factors for neonatal mortality."”
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Compared to the LBW prevalence in the 2000-2009
period, the current prevalence was lower."> In 2017, the
LBW prevalence in Brazil was 8.5%, with the Southeast
region demonstrating the higher values of the country, and
the State of Rio de Janeiro demonstrated 9.0%.2° On the
other hand, the proportion of preterm NB, even with the
drop observed in the period from 2012 to 2016, was higher
than that observed in the 2000-2009 time series, when
it was under 8%.'° In Brazil, the estimate for the period
from 2011 to 2018 was 9.4%.% It must be remembered
that the gestational age variable suffered modification in
the certificate of live birth, prioritizing the date of the last
menstruation, although it still has validity problems.?!

The NMR in Niter6i was stable in the analyzed
period, inferior to the national level, increasing in some
specific groups. At the national level, there was a drop of
NMR from 13.6 in the year 2000 for 8.5 per 1,000 LB in
2018.%4 In the municipality of Rio de Janeiro, from 2000
to 2018, the NMR was decreasing, reaching 7.8/1,000
LB in the last year observed.?” If considered neonatal
mortality due to avoidable causes, at national level, from
2000 to 2018, the reduction was 10.9 to 6.8 per 1,000
LB.? In Niterdi, there was an increase of the avoidable
causes rate of 3.0 to 3.9/1,000 LB, although it must be
considered that it is already a significantly low level. The
state with the lowest NMR due to avoidable causes was
Santa Catarina, however, with a higher value (4.8) than
Niter6i.® The disruption of health services, due to the
outbreak of COVID-19 pandemic, may have also affected
the different moments of the prenatal and perinatal care
of the municipality, although our study did not perform a
profound analysis of the quality of care.

Corroborating the literature, the lower the weight
and/or gestational age, the higher the NMR.!"? In a
study of 15 countries of high/medium income, between
2000 and 2020, the NMR for the VLBW was 207/1000
LB and for the range of GA <32 weeks, 141/1,000 LB.%
In Niteroi, the values stood, respectively, around 275 and
215/1,000 LB, with an increasing trend for VLBW. It is
worth highlighting that most studied countries had a very
low NMR, under or equal to 3/1,000 LB, which indicates
excellent socioeconomic conditions and perinatal care.

Besides the biological variables, already corroborated
in the literature, sociodemographic conditions were
observed to be associated with mortality, revealing
inequality in the “neonatal death” outcome in the
municipality. It should be considered that, in the period
analyzed, two great epidemics affected the national birth
rate, Zika virus in 2015 and COVID-19 in 2020.2* In this
manner, the increase of the rate for the analyzed period
may be explained, partially, because of the diminish of
the denominator and not only the absolute increase in the
number of deaths.?
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Similar results were observed in studies of national
range, such as the high NMR values in the age extremes
and in the low schooling population.? It is relevant to note
the increase in NMR for non-low birth weight newborns,
however, without alterations in the avoidability profile.
This fact should be interpreted as a sentinel event, since
these deaths can be avoided with simple and low cost
interventions, in both labor and delivery. In 2018, among
the neonatal deaths in the country, low birth weight and
prematurity predominated, and for the early neonatal
component (0-6 days), extreme low weight prevailed.?

The NMR was higher between adolescents and women
aged 35 years or more, both with an increasing trend. In
Brazil, between 2006 and 2016, the highest NMR values
were concentrated similarly in the groups of mothers with
10-14 and 45-49 years (10.4 and 10.5 deaths/1,000 LB),
with values twice higher than those found between mothers
with 25-29 and 30-24 years (4.7 and 4.9 deaths/1000 LB).*
In the state of Rio de Janeiro, in the period from 2004 to
2010, children of adolescent mothers and those aged >35
years also demonstrated higher chance of death compared
to mothers in the age range of 20-34 years.?® Veloso et al."”
identified maternal age range equal or above 35 years as
an important risk factor for neonatal mortality.

Among adolescent mothers, the risk of neonatal
mortality is increased, but cannot be analyzed independently
or even with a purely biological characteristic, since
pregnancy in adolescence occurs in a context of
multifactorial vulnerability and is intimately associated
with socioeconomic conditions of the population.?> There
was a decrease in the percentage of adolescent mothers
among the live births in Niterdi, but this group seem to
maintain an elevated risk. Although 80% of women from
the city had attended seven or more prenatal consultations,
a study of the period from 2000 to 2009 demonstrated that
adolescent mothers from Niteroi did not reach this value.”’

The highest NMR are observed in NB of mothers with
low schooling and it still was observed an increasing trend,
in opposition to the range of 8 years or more of schooling,
which demonstrated a decreasing trend. In Brazil, from
2006 to 2016, the NMR was higher between the NB of
mothers without any schooling (6.7 deaths/1,000 LB)
and had the lowest value between mothers with 12 or
more years of schooling (4.3 deaths/ 1,000 LB).? In the
period from 2000 to 2018, in the municipality of Rio de
Janeiro, the NMR analysis related to maternal schooling
demonstrated concentration and increase in the group
of women with low schooling, which reinforces the
inequality in the care provided to this group from the
population.?

Schooling is intimately associated with the age of
puerperal women and demonstrates an isolated risk for
the chance of neonatal death, however it is associated



to age extremes as well.*The interaction between low
schooling and advanced age is significant, considering
that this is a group characterized by the exposition to
multiple risk factors all over the life.?® In Brazil, for the
age ranges of 10-19 and 20-34, the increase of schooling
corresponded directly to the reduction of NMR, whilst
among mothers with age >35 years, the NMR was higher
for those with 1-11 years of schooling, followed by those
without schooling, and lastly, those mothers with 12 years
or more of schooling.?

In Nitero6i, the NMR among white women demonstrated
an increasing trend, and kept stable among brown mothers.
It was not possible to evaluate the NMR trend between
black women, due to the low absolute number of deaths.
It was perceived that NMR, formerly higher in LB of
black mothers, got closer to values of the white and brown
population. That is, the inequality between racial groups
diminished in the last years, partially, due to differences
in the self-declaration.?® Between 2012 and 2018, the
neonatal mortality in Brazil was 37% higher (CI195% =
1.34-1.40) in children of black mothers compared to those
of white mothers.?

Socioeconomic vulnerability, represented by low
schooling and black or brown skin color, was also reported
as an important determinant of neonatal death in other
national studies.?**°

The occurrence of only two deaths by ill-defined
cause is a positive advance for the quality or basic
cause certificate of neonatal deaths. On the other hand,
a limitation of the study regards the completeness of the
fields of death certificates referring mainly to maternal
color and schooling, that still need to be improved.
Another limitation is inherent to data sources. In spite of
the information systems used possess several amounts of
information, it was not possible to analyze the quality of
healthcare services and identify changes, for example,
which occurred in the hospital assistance, in the study
period. It was also not possible to assess the subgroup of
late preterm newborns, since the categories of gestational
age from Sinasc are 22-27, 28-31, 32-36, 37-41 and >42
weeks. Lastly, the autocorrelations demonstrated to be
negative, being optional to include the respective AC
terms in the model. We opted to include to highlight
trends that, in the model without autocorrelation, were
identified, however without achieving significance in
some categories.

In the city of Niteroi, in spite of good perinatal
indicators, we observed stagnation of the neonatal
mortality rate (NMR), inequality and the increase of
avoidable causes. Although the magnitude of the neonatal
mortality rate (between 4.2 and 6.0/1,000 LB) is not high,
the proportion of avoidable causes reveals the potential of
reduction. It is still possible to reach lower values, even

Neonatal mortality in Niteroi/RJ, 2012 to 2022

for extreme weight and gestational age ranges. In these
last 11 years, NMR was unequal between the population
groups and increased among adolescents and older women,
those with low schooling and white women. Only the
racial inequality was diminished, and groups of higher
vulnerability, related to maternal age and schooling,
persisted. The health actions should aim at population
groups of higher risk, searching for equity.
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