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Abstract

Objectives: to analyze the spatio-temporal distribution of maternal mortality in Brazil from 2000
to 2019.

Methods: an ecological, longitudinal study of space-time analysis of maternal deaths in Brazil from
2000 to 2019, using the 450 health regions as the spatial unit. Data available from Datasus were used.
Analyses were conducted using Satscan v9.7 software, considering the discrete Poisson probability
model.

Results: five clusters of high maternal mortality were identified, predominantly in the North and
Midwest regions, as well as in the state of Rio de Janeiro and parts of the Northeast. Five low-risk
clusters were identified, mainly along the northeastern coast and in states in the South and Southeast.
Temporal analysis revealed a low-risk cluster from 2000 to 2007 (RR=0.92; p<0.001), indicating
significant advances in maternal health during this period.

Conclusions:the North region of the country showed high MMR values, concentrating high-risk
clusters in the spatiotemporal analysis, with high MMR between 2000 and 2009, showing a correlation
of maternal mortality with the country s socioeconomic inequalities.
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Introduction

Maternal mortality is a persistent and crucial challenge
for public health in Brazil. This country has complex
dynamics that affect women’s health during pregnancy,
delivery and postpartum. In spite of the significant
advances in healthcare in the last decades, maternal
mortality still being a main concern.!

The 10" Revision of the International Classification
of Diseases (ICD-10) defines maternal death as “death
of a woman while pregnant or within 42 days of
termination of pregnancy, irrespective of the duration
and the site of the pregnancy, from any cause related
or aggravated by the pregnancy or its management, but
not from accidental or incidental causes”.? The main
epidemiological indicator used to measure this datum
is the Maternal Mortality Ratio (MMR), which assess
the risk of death in a single pregnancy or birth.?

The comprehension of the factors that contribute to
this problem, as well as the identification of effective
solutions, are necessary to grant health and wellbeing
of Brazilian mothers. For such, several strategies were
adopted to enhance the registry of deaths in Brazil,
including the creation of Commissions of Investigation
of Perinatal and Maternal Mortality in state and
municipal health secretariats, by the Ministry of Health
(MS - Portuguese acronym) from 1994 onwards.
Such measures aimed to include information related
to pregnancy, abortion, delivery and puerperium in
the national death certificate and in the Information
System on Mortality (SIM — Portuguese acronym), as
well as the mandatory notification of maternal death
within 24 hours after death. These efforts, carried out
by the Brazilian Ministry of Health, with participation
of National Commissions, state health secretariats and
State and Municipal Committees for Maternal Death
Surveillance, have been effective in reducing maternal
mortality in the last years. However, the COVID-19
pandemic onset in 2020 had and still having significant
impact in this mortality indicator.*?

A study, which used data from SIM, assessed
maternal deaths in the period from March 2020 to May
2021 by means of generalized additive models. The
results revealed a significant 70% increase of deaths,
regardless of the region of the country. The regions
North, Northeast and South registered such increase in
all age groups, which stood out as a consistently elevated
phenomenon.® Other studies indicated that eight out of
ten maternal deaths by COVID-19 registered worldwide
occurred in Brazil.* Events of great magnitude, such as
COVID-19 pandemic, highlight the vulnerabilities of
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health systems and increase the gaps in the access to
services, resulting in an increase of the MMR."#

The emergency of this new threat to maternal health
highlights the imperious need for a continuous analysis
of factors subjacent to maternal mortality. These factors
comprise a group of variables, including advanced
maternal age, lower levels of schooling, occupation,
reduced frequency of prenatal consultations, among
other critical determinants.”!°The search for effective
solutions to mitigate these deaths are imperative for
developing countries. Many studies have been limited to
percentage comparisons and not using the most adequate
indicator: the MMR.

Moreover, the analysis of spatio-temporal
distribution of maternal mortality in Brazil is still
underexplored, in spite of its potential in clarifying the
determinants of regional variations on these events. Due
to the regional diversity of the country, the use of health
regions is essential to comprehend maternal mortality,
allowing identifying standards and specific challenges
in different areas, to direct public policies in a more
effective manner, to assess specific interventions and
mobilize local actions to improve maternal assistance.
In this way, the objective of this study was to assess
regional differences in the distribution of maternal
deaths in Brazil, by means of the spatio-temporal
analysis of MMR between 2000 and 2019.

Methods

The main epidemiological indicator used to measure this
datum is the MMR, defined as the number of maternal
deaths in a population divided by the number of live births,
expressed by 100,000 in a giventime period and space.!

We conducted an epidemiological cross-sectional
study, of ecological type, with analysis of spatial and
temporal clusters, using secondary data available
at SIM and at the Live Birth Information System
(SINASC — Portuguese acronym), both accessed
with the information platform of the Ministry of
Health: Datasustabnet. An ecological study aims at
the comparative analysis between groups, and not
individuals. Due to this reason, there is absence of
detailed information at individual level about the
joint distribution of variables within these groups.
The variables in ecological studies generally include
aggregate measures, such as environmental data, or
more global and embracing measures.'?> Data were
accessed in the “vital statistics” icon, selecting the
option “Mortality — 1996 to 2019m by ICD-10” and
“Live births — 1994 to 2019”. Data concerning maternal



death were collected in the topic “Death of women of
childbearing age and maternal deaths”.

The spatial units of analysis selected were the
Health Regions (REGS — Portuguese acronym). The
decree number 7508, from July 28, 2011, which
looks after the organization of the Unified Health
System (SUS — Portuguese acronym), defines health
region as “a geographic continuous space composed
of clusters of neighboring municipalities, delimited
from shared cultural, economic and social identities
and communication and transport structure, aiming
to integrate organization, planning and execution of
actions and health services.”'> We then collected the
coordinates corresponding to the centroids of each
REGS in the form of decimal degrees of latitude and
longitude from the Brazilian Institute of Geography and
Statistics — IBGE (Portuguese acronym), resulting in
450 REGS in the entire national territory, distributed
into 46 in the North, 133 in the Northeast, 38 in the
Midwest Region, 165 in the Southeast Region and 68
in the South.

The minimum analysis units were the REGS. These
regions were selected due to their relevance for the
analysis of maternal mortality, since they reflect the
organization of the health system and the geographic
distribution of health services and they may vary
significantly in extension and complexity.

The MMR calculation uses as numerator the number
of maternal deaths per location of residence, also as
denominator the number of live births per location of
residence of the mother, generating a ratio of deaths per
100 000 live births, per year, per health region.

We conducted a broad analysis of maternal
mortality in Brazil using the technique of spatial,
temporal and spatio-temporal scanning. We used the
SaTScan sv9.720 software to identify clusters of health
regions with maternal mortality ratio above or under
the expected. These primary clusters, in which maternal
mortality had less probability of being random, were
identified and assessed based on probability values.
Moreover, secondary clusters were identified in spatial
and spatial-temporal analyses. We used the “relative
risk” (RR) to assess the susceptibility of different areas
to maternal mortality.'*

Values above 1 indicate clusters with a mortality
ratio above the expected (called risk cluster), whereas
values under 1 indicate clusters with observed mortality
ratios under the expected (called protection clusters).
For the assessment of significance to the level of p<0.05
in the model, we used the Monte Carlo simulation.
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Besides the spatial and spatio-temporal analyses,
we performed purely temporal analyses, with annual
precision, aiming to identify significant temporal trends,
also using p<0.05."

Results

Table 1 shows the distribution of the absolute number of
deaths, the percentage and the MMR in Brazilian regions.
It is noted that the North region demonstrates a mean
MMR of 107.06 deaths/100,000 LB, the highest within
the five regions.

The purely spatial analysis, performed posteriorly
with an adjustment of the circular window to 10%, found
ten clusters with statistical significance (p<0.05), five
clusters with MMR higher than expected (high-risk)
and five clusters with MMR lower than expected (low
risk), represented in the maps in Figure 1. The first
high-risk cluster, named cluster A, comprises the states
of Maranhdo and Piaui, the Northeast of Tocantins
and West of Ceara; it was found a ratio deaths found/
expected of 1.47 and Relative Risk (RR) of 1.54,
p<0.001. The second high-risk cluster (A) comprises
most of the state of Rio de Janeiro and the Southeast
of Minas Gerais; ratio deaths found/expected of 1.31
and RR of 1.35, p<0.001. The third high-risk cluster
(C) comprises a significant part of the state of Bahia
and Sergipe and the Northeast of Minas Gerais; with a
ratio of deaths found/expected of 1.19 and RR of 1.22,
p<0.001. The fourth high-risk cluster (D) comprises
the entire state of Mato Grosso do Sul and the South
of Mato Grosso, with ratio of deaths found/expected of
1.21 and RR of 1.21, p<0.001.

The low risk clusters found were: the first (F),
located in the Northeast of the state of Sdo Paulo and
South of Minas Gerais, comprising the capital Sédo
Paulo, the municipalities of Campinas and Ribeirao
Preto; ratio of deaths found/expected of 0.65 and RR
0f 0.62, p<0.001. The second cluster (G), with smaller
geographic scope, is also located in the state of Minas
Gerais, however in the central region, comprising the
capital Belo Horizonte and neighboring municipalities;
this location had a ratio of deaths found/expected of
0.66 and RR of 0.74, p<0.001.The third cluster (H)
is located in the South of the country, comprising the
states of Santa Catarina and Rio Grande do Sul and
the South of the state of Parana, including the capital
Curitiba; the ratio deaths found/expected was 0.76 and
RR of 0.74, p<0.001. The fourth low risk cluster (I),
comprised a really small area of Sdo Paulo, specifically
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Table 1
Distribution of the absolute number of maternal deaths, percentage and maternal mortality ratio per region of Brazil, in the period from 2000
to 2019.
Region Ne of deaths % MMR
North 4036 12.29 107.06
Northeast 11,386 34.68 65.61
Midwest 2222 6.76 59.60
Southeast 11,445 34.8 47.23
South 3741 11.39 47.81

MMR= Maternal Mortality Ratio.

Figure 1

Maps generated by the purely spatial analysis and spatio-temporal analysis highlighting risk and protection clusters for maternal mortality in Brazil,
between 2000 and 2019.
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the municipality of Sdo Bernardo do Campo, ratio of
deaths found/expected 0.81 and RR of 0.8, p<0.001.
Finally, the fifth low risk cluster (J) is located in the
Northeast of Brazil, near the coastline, comprising
the East portion of Pernambuco, Paraiba, Alagoas and
Rio Grande do Norte, where the capitals and their
neighboring municipalities are located; with a RR of
0.9 and ratio of deaths found/expected of 0.9, p<0.001.
(Table 2).

The purely temporal analysis (Figure 1) found only
one cluster with statistical significance, situated in the
period from 2000 to 2007, with mean MMR of 53.5
deaths/100 000 live births, ratio of cases expected/
found of 0.95 and RR of 0.92, p<0.001. The spatio-
temporal analysis found seven clusters (Table 3),
all with statistical significance and p<0.001, six
clusters having high-risk and only one with low risk,
demonstrated in the maps of Figure 1. The high-risk
clusters found were the following: the first cluster
(cluster 1) comprises the states of Maranhdo, Piaui
and Ceara, encompassing the period from 2000 to
2009, presented a relation of number of cases found/
expected of 8.77 and RR of 9.4, p<0.001. The second
cluster (2) included the state of Rio de Janeiro, the
Southeast of Minas Gerais and the Northeast of Sdo
Paulo, encompassing the period from 200 to 2009, with
a ratio of observed deaths/expected of 7.42 and RR of
7.84, p<0.001. The third cluster comprises the North
of the state of Minas Gerais, part of Espirito Santo and
Bahia, also situated in the period from 2000 to 2009,
with ratio of deaths found/expected of 6.95 and RR of
7.35, p<0.001. The fourth cluster comprises the state
of Parand, part of Santa Catarina and North of Rio
Grande do Sul, in the period from 2000 to 2006 , ratio
of observed deaths/found of 10.53 and RR of 10.91,
p<0.001. The fifth cluster (5) comprises the states of

Table 2
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Amazonas and Rondénia, part of Amapa, Para and
Mato Grosso, in the period from 2000 to 2009, with
aratio of observed cases/found of 6.38 and RR of 6.66,
p<0.001. The sixth cluster (6) found has a significantly
smaller geographic scope, located in Sdo Paulo, in
the municipality of Sdo Bernardo do Campo, in the
period from 2000 to 2009, with a ratio of cases found/
expected of 4.84 and RR of 5.0, p<0.001. The only low
risk cluster (7) found in the spatio-temporal analysis is
located in the Northeast of Sdo Paulo, encompassing
the capital and the municipalities of Campinas and
Ribeirdo Preto, in the period from 2013 to 2019, with
ratio of observed/expected cases of 0.31 and RR of
0.30, p<0.001.

Figure 1 highlights the high-risk clusters in the
first image, that is, the locations where the calculated
MMR was higher than expected. Despite the similarity
of distribution of these clusters, there is no perfect
overlap comparing the localization of clusters. This
difference (Figure 1) is more evident in the South
region, which in the purely spatial analysis, presents
low risk clusters, and in the spatio-temporal analysis,
concentrates high-risk clusters. The North region
of the country presented high values of MMR and
concentrated high-risk clusters both in spatial analysis
and spatio-temporal analysis, with high MMR from
2000 and 2009. The Midwest region concentrated
high-risk clusters for maternal mortality between
2000 and 2019 in our study. Figure 2 demonstrates a
thorough analysis of the period between 2000 and 2019,
focused on maternal mortality in Brazil. We observed
that between 2000 and 2007, there was a notable
decrease of the relative risk of maternal mortality
(relative risk <1), suggesting a period of protection
and significant improvements in maternal health
during this interval.

High-risk and low-risk clusters produced in the purely spatial analysis of maternal mortality in Brazil, in the period from 2000 to 2019.

Clusters Type of cluster N° of cases/expected MMR (per 100 thousand LB) Relative Risk p

Cluster A High-risk 1.47 82.6 1.54 <0.001
Cluster B High-risk 1.31 73.7 1.35 <0.001
Cluster C High-risk 1.19 67.2 1.22 <0.001
Cluster D High-risk 1.25 70.1 1.26 <0.001
Cluster E High-risk 1.21 67.8 1.21 <0.001
Cluster F Low risk 0.65 36.4 0.62 <0.001
Cluster G Low risk 0.76 42.9 0.74 <0.001
Cluster H Low risk 0.66 37.0 0.65 <0.001
Cluster | Low risk 0.81 45.7 0.80 <0.001
Cluster J Low risk 0.90 50.3 0.89 <0.001

MMR= Maternal Mortality Ratio; LB= Live Births.
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Table 3

High-risk and low risk clusters produced in the spatio-temporal scanning of maternal mortality in Brazil, in the period from 2000 to 2019.

MMR (per 100

Clusters Type of cluster Period N° of cases/found thousand LB) Relative Risk P

Cluster 1 High-risk 2000 - 2009 8.77 493.2 9.40 <0.001
Cluster 2 High-risk 2000 - 2009 7.42 417.2 7.84 <0.001
Cluster 3 High-risk 2000 - 2009 6.95 390.9 7.35 <0.001
Cluster 4 High-risk 2000 - 2006 10.53 592.4 10.91 <0.001
Cluster 5 High-risk 2000 - 2009 6.38 359.0 6.66 <0.001
Cluster 6 High-risk 2000 - 2009 4.84 272.4 5.00 <0.001
Cluster 7 Low risk 2013 -2019 0.31 17.5 0.30 <0.001

MMR= Maternal Mortality Ratio; LB= Live Births.

Figure 2

Purely temporal analysis of maternal mortality in Brazil from 2000 to 2019
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number of expected cases based on the probabilistic method of temporal scanning (15).

Discussion

Maternal mortality is a crucial indicator of the quality
of reproductive health in the country and an important
reflection of social and economic inequalities. In Brazil,
the spatio-temporal analysis of maternal mortality
between 2000 and 2019 reveals both advances and
persistent challenges. Between 2000 and 2019, Brazil
experienced a decrease in MMR. However, this reduction
was not uniform in the entire country. More developed
regions, such as Southeast and South, presented lower
MMRs, whilst less developed regions, such as North and
Northeast, still had significant challenges. The Northeast
and Southeast regions are responsible for the highest
percentages of maternal deaths that occurred in Brazil,
although the region with the highest MMR in the period
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is the North region. The World Health Organization
(WHO) classifies regions according to the MMR values,
into “recommended”, “low”, “moderate”, “high” and
“extremely high”. None of Brazilian regions presented
a MMR in the level recommended by WHO during the
period, that is, between 20 and 35 deaths/100 000 live
births. In spite of that, all regions stood in the “low”
classification, that is, a MMR between 20 and 99; except
for North region, whose MMR is “moderate”.?

This decrease in the country’s MMR may be
associated with improvements in maternal health during
this period, a progress related to several policies and
public health programs. The Program of Humanization
of Prenatal and Birth (PHPN — Portuguese acronym),
for example, emphasized the importance of maternal

deaths related to high-risk pregnancy.! Mota et al.!”



demonstrated that the dissemination of Maternal Mortality
Committees, the National Policy of Integrative Care to
Women’s Health (PNAISM — Portuguese acronym) and
the Stork Network influenced the decrease of the MMRs
in Brazil in the beginning of the decade, mainly for
women from 30 to 49 years old, with a less significant
reduction for younger women.!” Moreover, the expansion
of access to health services, such as SUS (Portuguese
acronym for Unified Health System), played an essential
role in the improvement of maternal health indicators.

However, some significant challenges persist for
the reduction of maternal mortality in Brazil. First,
regional inequalities are still a critical problem. Poorer
and remote regions still experience impairments in
the access to health services of quality and in the
qualification of health professionals, which contributes
to higher maternal mortality ratios.'* An example of
this challenge is represented by the linking of pregnant
women to a maternity hospital, which is provided for by
law since 2005, although the compliance with this law is
not reachable for all Brazilian women, mainly in poorer
regions, such as the North and Northeast."

A significant limitation of this study refers to the
quality and scope of death registries in Brazil. However
the SIM was established in 1976 and had achieved a
coverage of 82% up to 1999, challenges related to regional
variations of coverage persist. The introduction of the
term “garbage code” in the national literature reflects
the concerns with misclassification of deaths, especially
in the maternal mortality area, hindering the clarity and
accuracy of data.”® Although it is relevant to highlight
recent improvements, such as the establishment of the
Commissions of Surveillance of Perinatal and Maternal
Mortality, the inequalities and imprecisions persist,
mainly at a regional level.

The occurrence of a maternal death is profoundly
tragic and demands meticulous investigations. Errors
such as the garbage codes and other problems associated
with underdiagnosis and under-registration may lead to
underreporting, resulting in a distorted representation of
the real magnitude of the challenges to maternal health.?!
Being aware of and approaching these limitations is
essential for the reformulation of effective preventive
strategies.

The scarcity of studies on determinants of maternal
mortality in the North region of the country, which
concentrates the highest MMRs and even with rates
extremely higher than those recommended by WHO,
demonstrates the importance of deepening the investigation
on the subject. Several studies demonstrated the spatial
correlation between maternal mortality, the Social
Vulnerability Index (IVS — Portuguese acronym) and
income inequality.?? The North region of the country
presented, between 2000 and 2010, an IVS in the scale of
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high and very high. From 2011 up to 2013, the vulnerability
started to decrease, stabilizing in “average”.?

The finding of high-risk clusters for maternal
mortality in the North region of Brazil may be intrinsically
related to adversities associated with income distribution
and precariousness of infrastructure in that location
compared to other regions of the country. Moreover,
geographic characteristics peculiar to the North region
stand out as additional challenges to the access to health
services, among other factors that contribute to this
problem. This occurs because socioeconomic inequalities
play a preponderant role in both quality of and access
to health services, which becomes more evident when
maternal health is analyzed. Women that are part of more
vulnerable socioeconomic strata often face significant
barriers to access healthcare services of quality during
pregnancy and delivery period. It is alarming to observe
that MMR is considerably higher for black and indigenous
women compared to white women. It is worth highlighting
that this inequality is not solely related to socioeconomic
issues, but is strongly linked to challenges perpetuated by
the structural racism that is rooted in the health system.>2*

Another important question to be considered is the
distribution of race/color in Brazil. According to what the
National Household Sample Survey (PNAD — Portuguese
acronym) of 2022, published by the Brazilian Institute
of Geography and Statistics (IBGE), the population
self-declared as black or brown is predominant in the
North and Northeast regions, corresponding to 78.4%
and 73.9%, respectively. In comparison, the South region
has 26.3% of its population identified as such, whilst the
Southeast has 49.9%, and the Midwest, 62.6%. Moreover,
it is important to highlight that the North region houses
44.48% of the indigenous population of Brazil.?* States
such as Mato Grosso and Maranhio also have a significant
concentration of indigenous people. This demographic
distribution, with the predominance of groups historically
more vulnerable in the North and Northeast regions, may
be one of the factors that explain the inequalities of MMR
between the different regions of the country.

Albuquerque et al.* characterized the health regions
of Brazil according to a typology that considered the
level of socioeconomic development and the offer and
complexity of health services. The Midwest region
demonstrated average and high levels of socioeconomic
development, however they kept a low offer and
complexity of local health services. The South and
Southeast regions presented, in the same study,
higher concentration of areas of high socioeconomic
development and average to high concentrations of local
health services, being also consistent with our findings,
since such regions, mainly the state of Sdo Paulo,
concentrated the clusters of the lowest risk of maternal
death in the country.?®
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In order to overcome these challenges, Brazil needs
to keep investments in maternal health policies that
contemplate the needs of more vulnerable populations.
This includes improving the access to health services of
quality, qualifying health professionals and promoting
sexual and reproductive education.!’Besides, the fight
against racism and discrimination in the health system
is essential to reduce inequalities in maternal mortality.

In spite of the relevance of this subject, the scarcity
of broad studies on maternal mortality that compare
the different regions of Brazil is evident. In 2011, a
study conducted by Morse et al.”’ clarified this gap
with a scientific literature review focused on maternal
mortality in the country in the last three decades. The
results revealed that most articles published on the team
concentrated significantly the Southeast region of Brazil,
with predominance of descriptive approaches.?’” This
predominance in the scientific production limited to one
region, mainly of a strictly descriptive nature, does not
reflect the complexity and diversity of the panorama of
maternal mortality in the entire country. It is particularly
concerning the lack of studies focused on the analysis of
MMR in the North region of the country, since this region
consistently has higher values for this indicator than the
national averages.?® This scarcity of surveys dedicated
to comprehend the particularities and challenges of the
North region highlights the imperious need for promoting
broader and more detailed discussions on this subject.

The third Sustainable Development Goal, Good
Health and Well-being, preconizes the reduction of
maternal mortality in countries where high rates of deaths
related to delivery and puerperium are still being a severe
public health problem. Brazil is one of these countries
where maternal mortality is still unacceptably high, despite
its causes being mostly avoidable when screened early and
treated adequately.This article aimed to contribute to the
available literature on the theme by means of a spatio-
temporal analysis of the distribution of these deaths in
the country in the last 20 years, using public data, easily
accessible. We found a distribution of clusters of high-risk
for maternal mortality with predominance in the North
region, part of the Northeast and Midwest and low risk
clusters in the South and Southeast regions and in the
Northeast coastline. Such distribution is consistent with
regional inequalities peculiar to the country, in the income
distribution and access to health services. We even found
a temporal cluster with MMR lower than expected in the
first years of the analyzed period (2000-2007), which may
reflect the impact of policies established in the beginning
of the century. It is important to highlight that surveys that
assess maternal mortality in Brazil are and will be even
more essential in the next years, especially considering
the impacts of Covid-19 pandemics in maternal mortality.
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