ORIGINAL ARTICLES

Infant mortality in a Brazilian Northeast State between 2009 and 2018: a temporal
space approach

Aline Vanessa da Silva ' Amanda Patricia da Silva 3
https://orcid.org/0000-0001-5119-1378 https://orcid.org/0000-0001-8128-7426

Emilia Carolle Azevedo de Oliveira ? Amanda Priscila de Santana Cabral Silva 4
https://orcid.org/0000-0002-0957-1542 https://orcid.org/0000-0003-2337-9925

14 Centro Académico de Vitoria. Universidade Federal de Pernambuco. Rua Alto do Reservatorio, s.n. Bela vista. Vitoria de Santo Antéo, PE, Brazil. CEP: 55.608-680. Email:
vanessal2aline@gmail.com

? Instituto Aggeu Magalhdes. Fundagdo Oswaldo Cruz. Recife PE, Brazil.

3 Centro Universitario da Vitoria de Santo Antdo (UNIVISA). Vitdria de Santo Antdo, PE, Brazil.

Abstract

Objective: to present the epidemiological profile of infant mortality and neonatal and post neonatal
components, in addition to the temporal dynamics of these events in Pernambuco State between 2009
and 2018.

Methods: descriptive, ecological, temporal space study of infant mortality in Pernambuco between
2009 and 2018. Epidemiological and temporal space characteristics were described using the Sistema
de Informagdo sobre Mortalidade (Mortality Information System) and the Sistema de Informagdo sobre
Nascidos vivos. (Information System on Live Births) as data sources.

Results: there were 19,436 infant deaths in the period; 13,546 (69.7%) in the neonatal period and
5,890 (30.3%) in the post neonatal period. Male (55.4%), non-white children (74.7%) with low birth
weight (63.5%) predominated,; mothers were aged between 20 and 29 years (46.6%,), with 8-11 years
of schooling (43.9%) and preterm pregnancy (65.2%). Although the infant mortality rate decreased
during the analyzed decade, high rates persisted in cities in the Sertdo (backwoods) and Vale do Sdo
Francisco and Araripe macroregions of health services.

Conclusions: even though infant mortality declined over the years studied, it is necessary to achieve
better rates and confront inequalities and other obstacles that perpetuate the event in Pernambuco
State.

Key words Infant mortality, Epidemiological surveillance, Vital statistics, Spatial analysis, Linear
regression
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Introduction

Infant mortality (IM) is considered a serious public health
problem and is directly related to living conditions, access
and quality of maternal and child healthcare, and is mostly
preventable. In this sense, it is a strong indicator of access
and quality of care provided to the maternal and child
population.!

The children’sdeaths under one year of age are a
consequence of biological, sociocultural, economic aspects,
failures in the health system, and other social determinants
of health. Therefore, actions to reduce this problem involve
various society sectors as structural changes are required
from the social sphere to the strengthening and qualification
of maternal and child care actions, through the creation and
implementation of public health policies.’

IM integrates two components, neonatal mortality and
post-neonatal mortality, referring to deaths occurring in
children under one year of age, between 0 and 27 days of life
and between 28 and 364 days of life, respectively. In neonatal
mortality, the causes of death are associated with the quality
of healthcare, while in post-neonatal mortality there is
a relationship with the environment in which the child
grows and interacts. Even in environments with precarious
contexts, there is evidence that better healthcare decreased
infant mortality, further highlighting the importance of the
mother’s access to pregnancy planning, quality inprenatal
care, assisted childbirth, and care until the first year of life
to ensure survival, growth, and development.?

In Brazil, from 1990 to 2015, a decline in the infant
mortality rate (IMR) was identified, going from 47.1 to
13.5 deaths/1,000 live births (LB), respectively.* When
observed by regions, the highest rates were identified in
the North (21 deaths/1,000 LB), followed by the Northeast
(19 deaths/1,000 LB).> In 2016, PernambucoState showed
an IMR of 13 deaths/1,000 LB.¢

Although Brazil has achieved the reduction in infant
mortality proposed by the 2015 agenda of the Objetivos
de Desenvolvimento do Milénio (ODM) (Millennium
Development Goals), there are still challenges facing this
public health problem, which demonstrates the need for
commitment to achieve the Objetivos de Desenvolvimento
Sustentdvel (ODS) (Sustainable Development Goals),
which presents a global agenda to be achieved by 2030,
aiming to reduce neonatal mortality to at least 12/1,000 LB
and mortality of children under five years of age to at least
25/1,000 LB.”

The association between infant mortality and territorial
inequalities reinforces the need to analyze how this
phenomenon is geographically distributed. In this sense,
spatial analysis has been incorporated into epidemiological
studies to reveal regions with higher risks for the occurrence
of infant deaths.® The methods of this analysis in public
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health have been used mainly in ecological studies,
through the detection of spatial or spatio-temporal clusters,
evaluation and monitoring of this environment.’

The aim of this study is to present the epidemiological
profile of infant mortality and the neonatal and post-neonatal
components, as well as the spatial and temporal dynamics
of these events in Pernambuco, between the years 2009
and 2018.

Methods

This is a descriptive and ecological temporal space series
study on infant mortality and its components. The study
location, Pernambuco State, had in 2019 a population of
9,557,071 inhabitants'® and of these, 133,359 were under
one year of age.!! The State is composed of 185 cities
administratively distributed in twelve Health Managements
Regionaggregated in the Metropolitan, Agreste, Sertdo
(Backwoods), and Vale do Sdao Francisco (Valley) and
Araripe Health Macroregions, according to Figure 1.1

The study population corresponded to live births
residing in Pernambuco in the period between January 1,
2009 to December 31, 2018. We used the databases of the
Sistema de Informagdo sobre Mortalidade (SIM) (Mortality
Information System) and the Sistema de Informagoes sobre
Nascidos Vivos (Sinasc) (Live Births Information System)
through the website of the Departamento de Informdtica
do Sistema Unico de Saiide (DATASUS)(Department of
Informatics of the Public Health System).

For the epidemiological profile and spatial analysis of
two five-year periods were considered, the first consisting
of the years 2009 to 2013 and the second consisting of the
years 2014 to 2018.

The epidemiological profile of infant, neonatal and
post neonatal deaths was described by means of absolute
and relative frequencies of the variables related to the child:
sex (male/female), color/race (white/non-white), birth
weight (low weight - less than 2500g; underweight - 2500g
to 2999g; adequate weight - 3000g to 3999¢g or overweight
4000g or more) and, the variables concerning the mother
of the child were age group (<15 years; 15-19 years; 20-29
years; 30-39 years; 40 and more), schooling (none; 1 to 3
years; 4 to 7 years; 8 to 11 years; 12 and more years of study)
and gestation duration (preterm - 36 weeks and six days or
less; full-term - 37 to 41 weeks and six days or post-term -
42 weeks or more).

For the time trend analysis, the neonatal, post-neonatal,
and infant mortality rates were calculated for each year.
Subsequently, linear regression was performed, with
mortality rates as the dependent variable (Y) and the year
of death as the independent variable (X).

For the spatial analysis, the crude infant, neonatal and

post neonatal mortality rates were calculated for each city



Figure 1

Infant mortality in a Brazilian Northeast State: temporal space approach

Pernambuco according to regional and Macroregional Health Management.
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per five-year period.For this purpose, it was considered, for
each five-year period, the total number of deaths (infant or
neonatal or postneonatal) in the five-year period divided
by the total number of live births in the five-year period
multiplied by 1,000. Recognizing that crude mortality
rates can be influenced by small population numbers or
underreporting, smoothing of the rates by means of the local
empirical Bayesian estimator was adopted in order to control
for possible random fluctuations not associated with risk."

Subsequently, the risk ratio (RR) was calculated, being
the smoothed rate of the second five-year period divided by
the smoothed rate of the first five-year period. If RR > 1.0
indicates an excess risk of infant mortality; if RR < 1.0 points
to a reduction in infant mortality, while a RR=1.0 reports
no change in the infant mortality scenario.

Spreadsheets and Epiinfo 7software, Terraview
4.2.2 and QGIS 2.18 were used. The cartographic base of
Pernambuco State by cities of residence was made available
on the website of the Instituto Brasileiro de Geografia e
Estatistica (IBGE) (Brazilian Institute of Geography and
Statistics). Due to the public nature of the data, it was not
necessary to submit a research project to the Research Ethics

Committee.

Results

In Pernambuco, 19,436 infant deaths occurred between 2009
and 2018, with 10,476 (53.9%) in the 1* five-year period
and 8,690 (46.1%) in the 2™ five-year period, corresponding
to an IMT of 14.9 and 12.9 deaths/1000 LB, respectively.
Of the total number of deaths, 13,546 (69.7%) were
neonatal; of these, 7,203 (10.3 deaths/1000 LB) occurred
in the first five-year period and 6,343 (9.1 deaths/1000

LB) in the second five-year period. The postnatal period
accounted for 30.3% of all deaths (n=5,890), with 3,281
(4.7 deaths/1000LB) recorded in the first five-year period
and 2,609 deaths (3.8 deaths/1000 LB) in the second five-
year period.

The epidemiological profile of infant deaths had
a similar pattern, whether in the neonatal or post-
neonatal period, for the characteristics related to the child
(predominance of male gender, non-white color/race and
low birth weight) and the mother (age range of the mother
between 20 and 29 years, schooling between eight and 11
years of study). Among the deaths in the neonatal period,
preterm births were more common (Table 1).

The temporal trends of infant, neonatal, and postneonatal
mortality rates presented themselves in a decreasing form
in the analyzed period (Figure 2). The IMT was highest in
the first year of the series (2009) with 17.1 and lowest in
2017 with 12.1. The neonatal IMT was the highest in 2009
(11.6) and reached 8.7 deaths/1000 LB in 2018. In a smaller
magnitude, the post neonatal IMT started the series with
5.5 deaths/1000 LB in 2009 and reached the lowest level in
2017, with 3.5 deaths/1000 LB (Figure 2). Regarding the
variability of the data, the linear model explains 76.5% of
the variance of the infant mortality rate in relation to time,
as well as the neonatal (68.7%) and post neonatal (75.6%)
mortality rate (Figure 2).

Although the temporal analysis revealed a decline in the
IMT and its components, the spatial distribution reveals that
the reduction of indicators takes place in a heterogeneous
way in the Pernambuco territory (Figure 3 and 4). In the
first five-year period, high IMT were observed, higher than
the state average (14.9 deaths/1000 live births), especially
in cities located in the Macroregions Sertdo (Backwoods)

Rev. Bras. Saude Mater. Infant., Recife, 23: €20220032

3



Silva AV et al.

&4 801 ST 00¢ €8'C 80¢ L€ 9l ot 18 v"€ €8 6L 474 0'¢ 6LL 8l 14} (310w 40 6000Y) IYBIEMISAO

(¥4 [Z4°%3 L'0c 7z9'L 6°1¢ 000°C (343 el 343 589 9"gg 658 €91 £€69°C S'SlL 6€6 0Ll Ll (6666€ 01 6000E) yBroMm 3|qelng

o€l oree 9L vio'L el 9zT'lL 86l LL8 €6l 68€ (414 88Y L"0L 29€’L €0L S29 oLl LEL (B6662 01 B00SZ) WbrRMIBPUN

S€9 0€6°01L 879 1zz’s 29 60L'S 9Ly wse'lL 9Ty LS8 80 586 1L 880°6 L YoEy 0L veLy (6 005Z ueYyl s53] UBIP|IYD) IYBIPM YUIg MO
YBIam yuig

[ S8l 1L €8 Tl ol 8l [44 6l [43 8l (0]4 60 €Ll 60 LS 0L 29 9IOW JO SHI3IM Z7 — WIS} 350d

9'€g SLE'S S'LE €LET S'SE 290°€ €'€S 980°'C LS €98 9'vS €cTl 1WA4 68C°€ 9'sC ost'L L'8C 6€8°L skep 9 pue $399M |7 03 L€ — WISL IV

799 €lvol '[9 127484 €€9 69t°'S (%744 6SL°L L9 €8L 9’y 9.6 8'LL 7598 S'€L 9L’y €0L 17474 $53] 40 sAep xIs pue $39M 9¢ - WId3-3id
uoneysab ay) jo uoneing

ool 669°L L 788 1’6 L18 €8 1:13 1’6 06l S S6l JA]S viEL 8Ll 769 L6 [44°] 3Jow pue z|

6'EY 6Cv'L L6t L06°€ €'6€ 8¢S'E 0°LE veLL (4374 668 0ze 14} 99 S0L'S €18 200 [4ray4 £€0LC LL-8

L°0€ €0C'S 1'8¢ €€CTT (%33 046'C ove 88G°L 0'LE 9 S'9€ 6 £'6¢ S6S°E 89¢C 695°1L L'LE 920°C L-V

86 159°L 8L 29 vl L20°'L 9L 889 SoL :1%4 €vl 0L€E L'8 €90°L 0L 90t €0l LS9 €-1

9'S 156 6°€ oLE L'L L9 1’8 08¢ 9 6ClL L6 314 L'y LLS 3 181l 19 06€ SUON
(s4e3A) Buljooyds s JaYy10N

8'€ 199 €Y 0S€ 133 LLE 144 €1e L's oLl 6°€ €0l S'€ 144 oY ove (%3 80¢ aJow pue of

(%14 V6EY 99¢ €L1T 0've Lzee L'v¢ 9Ll L'vT %3] 9°€C 0€9 9'sT 0€TE [WA4 6€9°1L 0've 16S°L 6€-0€

99 9€1L'8 9's¥ 6CL€ iy LOV'Y €8y SEET (VA4 L10°L 154 8LEL 6°SY 108°S (974 [4Yx4 99 680°€ 62-0C

LTe 996'€ LT 9LL'L S€C 061L°C |44 £90°L 6°'lC 17474 zee £€6S 6CC 668'C L1z z0€’L |74 L6S°L 6l-S1

8l LLE 8l 9L 8L Ll 1L 99 €1l 6C ol LT 1’z 192 6l LLL [ 24" SL>
(sseah) abueus abe s,JayloN

L'yl SarEL 99, 89€°9 L€L L80°L S'L9 S9L°€ 789 00L°L 0,9 S90°C 6°LL 8896 08 899% 6°'SL 020°'s SHYA UON

114 SSS'Y v'ee V6L 6'9¢ z19¢C Sze oLg’L 8'LE L6L (IR 6L0°'L 1ze LT 86l zslL (74 6571 SHYM
9oel/10j0D

9y 065'8 0'sy ¢86'€ 12474 8091 S'ay S/9'¢C A°14 [4xa* 8y el a4 €16°S A4 0/LL°C 3474 EvL'E dews

7'ss SL9°0L 0°sS L8V LSS 108'S SvS L0T’E 9'€S vl 'sS S08°L 8'sS €9'L 9'sS LLY'E 6°SS 766°€ 9.
X35

% u % u % u % u % u % u % u % u % u

|eyor 8L0Z-¥L0C €102-600C |eyor 8L0Z-vL0C €102-600C |ejoL 8L0Z-¥10C sa|qelien

Ayjeriow jueyu)

fy1jeriow jeyeuoauysod

Ayjeriow |ejeuoanN

'8102-6007 ‘0dNquieuldd “Aljejow |erjeuosu 3sod pue |ejeuosu ‘juejul Jo ajiyoid |edibojolwapid]

L 9|qeL

Rev. Bras. Saude Mater. Infant., Recife, 23: €20220032

4



Infant mortality in a Brazilian Northeast State: temporal space approach

and Vale do Sdo Francisco and Araripe (Figure 3A). In the of the State (Figure 3B), and this behavior is confirmed by

second five-year period, we notice a reduction in the IMT, the risk ratio (Figure 3C), which reveals the reduction or
especially in the cities located in the Sertdo (Backwoods) maintenance of the rates observed in the study period.
Figure 2
Temporal trend of infant mortality rates and neonatal and post neonatal components. Pernambuco, from 2009 to 2018.
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Figure 3

Infant mortality rate, smoothed by local empirical Bayesian estimator, according to the city of residence. Pernambuco, 2009 to 2018.
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A) Infant mortality rate 2009 to 2013; B) Infant mortality rate 2014 to 2018; C) Risk ratio of the smoothed infant mortality rate.
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Figure 4

Neonatal and post neonatal infant mortality rates, smoothed by the local empirical Bayesian estimator, according to the city of residence. Pernambuco, 2009 to 2018.
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A) Neonatal infant mortality rate 2009 to 2013; B) Neonatal infant mortality rate 2014 to 2018; C) Risk ratio of the smoothed neonatal infant mortality rate; D) Post neonatal
infant mortality rate 2009 to 2013; E) Post neonatal infant mortality rate 2014 to 2018; F) Risk ratio of the smoothed post neonatal infant mortality rate.

Similarly, the spatial pattern of neonatal IMT shows
rates higher than the average observed in Pernambuco in
the 1% five-year period (10.3 deaths/ 1000 LB), tending to
decrease when the period between 2014 and 2018 is observed
(Figures 4A and 4B). However, the analysis of the risk
ratio reveals a persistence of mortality, especially in cities
concentrated in part of the Agreste Macroregion, South of
the Metropolitan Macroregion, and West of the Vale do Sao
Francisco and Araripe Macroregion (Figure 4C).

Between 2009 and 2013, postneonatal infant mortality
rates was higher than the average State (4.7 deaths/1000
LB) were concentrated in cities in the central region of
the State (part of the Macroregions Agreste and Sertdo
(Backwoods) and in part of the Western Pernambuco
(Macroregion of Vale do Sao Francisco and Araripe)
(Figure 4D). Although a reduction in the number of cities
with high rates was observed in the 2™ five-year period
(Figure 4E), the analysis of the risk ratio reveals the
existence of cities in which rates increased - located in
the Macro-region Agreste and to the West of the State, in
the Macroregions of Vale do Sdo Francisco and Araripe
(Figure 4F).

Discussion

The present study identified that 19,436 infant deaths
occurred in the period, 13,546 (69.7%) in the neonatal
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period and 5,890 (30.3%) in the post neonatal period.
There was a predominance of male children (55.4%), non-
white (74.7%), with low birth weight (63.5%), mothers
aged between 20 and 29 years (46.6%), with schooling
between 8 and 11 years (43.9%), and preterm pregnancy
(65.2%). There was a decrease in IMT during the decade
analyzed, however, high rates persisted in cities of the
Macroregions of Sertdo and Vale do Sdo Francisco and
Araripe.

This behavior is aligned with the findings of the
research of Souza et al.,'* who investigated infant mortality
in all Brazilian States between the years 1990 and 2015,
throughout the 26 years analyzed, the reduction of IMT
was perceived throughout the country, being more
impactful in the States of the Northeast Region.

The literature recognizes as positive for improving
this indicator. The improvement of living conditions, such
as access to basic sanitation, food and nutritional security,
and vaccination,” in addition to income transfer programs,
such as the Bolsa Familia Program.'® The strengthening of
health policies, such as the expansion of the Family Health
Strategy, the implementation of the Politica Nacional de
Atengdo Integral a Saude da Crian¢a (National Policy for
Comprehensive Care of Child Health), and the creation of
the Rede Cegonha (Stork Network) a possible influence
on coverage and care quality in the prenatal care, birth,



and childbirth, and the form of care and management in
women and children’s health care.!¢'®

However, literature points out that after a long
period of reduction of the IMT, an increase of 2.4% was
identified in Brazil, corresponding to 12.7 deaths per 1000
LB in 2016. This behavior can be partially explained by
the decrease in the number of LB in the period and the
increase in postneonatal deaths. This period is related to
the worsening of living conditions and access to health
services,'” the occurrence of the Zika virus epidemic in the
years 2015 and 2016 with concomitant cases of Congenital
Zika Virus Syndrome,?’ corroborating the results verified
in the present study, which identified an increase in IMT
and its neonatal and postneonatal components in 2016.

The predominance of infant deaths in male children,
with low birth weight, premature, and children of
young adult mothers as identified in the present study
are characteristics found in other studies.?'?* Low birth
weight is related to the risk of malnutrition, infections,
and respiratory problems in the first year of life.?? As for
the males, it may be related to the pulmonary maturation
of the babies of this sex that occurs later, favoring the
emergence of respiratory problems, which represents one
of the main causes of death in this age group.?

In Pernambuco, the highest proportion of neonatal
and postneonatal deaths occurred in children with young
adult mothers (20 to 29 years) and with eight to 11 years
of'schooling. Since over the years a strong relationship has
been identified between the occurrence of infant mortality
and low maternal schooling?* and extreme maternal
age groups,??* the findings of the present study need
to be better investigated, with a more robust analytical
approach, relating it to other factors such as access to
health services, number of prenatal visits, occupation,
and family income, among others.

As for the higher proportion of deaths in non-white
children, similar results were found in most Brazilian State
capitals.? Picoli ef al.® state that color or race alone would
not be risk factors for the occurrence of infant death, but
when they interact with other indicators of social position
(schooling, income and sex), race or color can expose the
group to situations of vulnerability, given their adverse
social insertion.

The spatial analysis allowed us to identify the
heterogeneous pattern of infant mortality in Pernambuco
territory. High rates were concentrated in cities located
in the Health Mesoregions of Vale do Sdo Francisco and
Araripe and in Sertdo (Backwoods), in regions more distant
from the capital city of Recife. In Espirito Santo State,
an investigation adopting spatial analysis on preventable
infant mortality between 2006 and 2013 revealed spatial

clusters in locations more distant from urban centers and

Infant mortality in a Brazilian Northeast State: temporal space approach

with a greater lack of services. Such services - especially
those of high complexity - in general located in greater
concentration in the Metropolitan Regions of the States,
indicate possible shortages in immediate specialized care
for newborns, an essential component in the survival of
children under one year of age.?*?’

In the present study, the aggregates of high mortality
rates may be related to population size, income,
socioeconomic development, operation and locality
of services. However, it is worth noting the reduction
in infant mortality rates during the decade analyzed,
identified by means of the risk ratio. The expansion of
primary health care in the cities may have provided the
reduction of access barriers, while its qualification may
have increased its resolutivity and the articulation between
interventions of surveillance and assistance.?

During the period, the strengthening of infant death
surveillance committees in States and cities was also
expanded and encouraged.?” This instance has in its
practice actions aimed at identifying the causes and factors
that contribute to death, in addition to recognizing what
has worked and what can be improved in relation to the
care provided.*® In this sense, the strengthening of infant
death surveillance is essential to plan actions aimed at
reducing infant mortality.®

Among the limitations of this study are the use
of secondary data from SIM and SINASC, which may
present inaccuracies, especially related to data quality.
It is also noteworthy that smaller units of analysis, such
as neighborhoods, would allow greater accuracy in the
detection of priority regions for infant mortality. However,
the use of cities is relevant due to the availability of these
data in the information systems, in addition to the easy
understanding and interpretation of this spatial level. To
correct possible random fluctuations arising from the
adopted analysis unit, the data were aggregated in five
years concomitant with the application of rate smoothing
estimator as a way to stabilize and minimize this effect.

The results show a scenario of decreasing infant
mortality and its components, reflected in the temporal
trend that may be a reflection of the strategies carried out
over the years, indicating improvement in the quality of
maternal and child care.

Studies with robust methodologies for temporal
and spatial analysis are recommended at academic level
and in health services, given the ability of Sistemas
de Informagdes Geogrdficas (Geographic Information
Systems) to assist in understanding the context. Finally,
identifying the profile of deaths and the spatial pattern of
IM may contribute to the prioritization of interventions
in healthcare and surveillance, especially in the most

vulnerable territories.
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