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Abstract

Objectives: To analyze the spatial-temporal patterns of
fetal mortality according to its relationship with social
vulnerability, identifying priority areas for intervention.
Methods: Ecological study conducted in the state of
Pernambuco, Northeast region of Brazil, from 2011 to
2018. The mean fetal mortality rate per city was calculated
for the studied period. A cluster analysis was performed to
select cities with homogeneous characteristics regarding
fetal mortality and social vulnerability, then the Attribute
Weighting Algorithm and Pearson correlation techniques
were employed. In the spatial analysis it was used the
local empirical Bayesian modeling and global and local
Moran statistics.

Results: Twelve thousand nine hundred and twelve thou-
sand fetal deaths were registered. The fetal mortality rate for
the period was 11.44 fetal deaths per 1,000 births. The
number of groups formed was 7, in which correlation was
identified between fetal mortality and dimensions, high-
lighting the correlations between fetal mortality rate and
the Index of Social Vulnerability urban infrastructure
for the municipalities in group 1 and 5, the values of the
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correlations found were 0.478 and 0.674 respectively. The
spatial analysis identified areas of higher risk for fetal
mortality distributed in regions of medium, high and very
high social vulnerability.

Conclusions: The study allowed observing the existing
correlations between fetal mortality and social vulnera-
bility and identifying priority areas for intervention, with a
view to reducing fetal mortality in the state.

Keywords: fetal mortality; social indicators; social

vulnerability; spatial analysis; vital statistics.

Introduction

Worldwide, it is estimated that 2.6 million fetal deaths
occur annually, which are mostly preventable [1]. Fetal
mortality is a serious and complex public health problem
[2]. And although the rates have reduced, their progress is
slower than that observed for neonatal and post-neonatal
mortality [3].

Fetal mortality is an important health indicator for a
population, as it reflects the maternal health situation,
access to and quality of prenatal and intrapartum care [4].
It is used to estimate the risk of a fetus being born without
any sign of life; being calculated through the number of
fetal deaths per thousand total births in a population
residing in a given geographic space [5].

Because of the several existing definitions of stillbirth,
it is still difficult to measure them, leading to erroneous
estimates, which make it difficult to plan public maternal
and child health policies [6]. Another existing barrier in
assessing the occurrence of stillbirths is the underreporting
of fetal deaths [3].

In the pursuit of reducing the fetal mortality rate, the
World Health Organization (WHO) and the United Nations
Children’s Fund approved in 2014 the Every Newborn Action
Plan [7]. Its main goal is to reach, by 2035, the target of 10 or
less newborn deaths per 1,000 births in all countries, and to
put an end to cases of preventable stillbirths [7].

Over the last few years, there is still a lack of research
addressing the relationship between the occurrence of
stillbirths and social determinants, a factor that must be
taken into account when the objective is to reduce fetal
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mortality [8]. As stillbirths are more frequent in regions of
socioeconomic vulnerability, where, for example, access to
health services is ineffective and unequal [9]. Social depri-
vation indices may be used to assess living conditions [10].

Spatial analysis techniques may also be used in studies
related to fetal mortality and social vulnerability [10].
Through spatial resources, it is possible to detect the
distribution of stillbirths, favor the planning of health in-
terventions, and allocation of services to priority areas [11].

This study may help to understand the dynamics of
fetal mortality and social vulnerability. The objective is to
analyze fetal mortality and verify its relationships with
social vulnerability in geographic spaces.

Methods

This is an ecological study whose unit of analysis was the cities of the
state of Pernambuco, which is in the Northeast region of Brazil, has a
land area of 98,312 km? and an estimated population of 9,557,071
million inhabitants in 2019 [12]. The state consists of 184 cities and the
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district of Fernando de Noronha and is divided into five mesoregions:
Sao Francisco, Sertdo, Agreste, Mata, and Metropolitan Area of Recife
(Figure 1). The district of Fernando de Noronha was excluded from the
analysis, as it does not have close neighbor cities, making it impos-
sible to use the spatial analysis method, since the model takes into
account information from adjacent cities.

The population consisted of fetal deaths of residents of the state
that occurred from 2011 to 2018. This study used the following defi-
nition of stillbirth: fetal death as those occurring at or after 22
completed weeks of pregnancy, or 154 days, or a fetal weight of 500 g
or more, or height of 25 cm or higher.

Data were sourced from the Mortality Information System
(SIM), Live Birth Information System (Sinasc), and the Social
Vulnerability Index (SVI), as provided by the Institute of Applied
Economic Research — IPEA. Developed by the Ministry of Health,
the SIM and Sinasc are national vital statistics systems that
contribute to the characterization of birth and mortality conditions
in the country [13]. The SIM is fed with information from Medical
Certificates of Death (DO), while the Sinasc, from Certificates of
Live Births (DNV); these instruments supply these systems with
data that enable the calculation of health, epidemiological, and
demographic indicators [14]. The availability of quality information
enables the analysis of the health situation and planning of actions
aiming at reducing mortality [15].
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Figure 1: Distribution of mesoregions in the state of Pernambuco, Brazil.
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Data from the SIM and Sinasc were used to calculate fetal mor-
tality rates by city. For this purpose, the number of fetal deaths was
used, divided by total births (fetal deaths + live births) multiplied by
1,000. Thematic maps were also prepared to represent the distribution
of the crude fetal mortality rate in the state.

To characterize the vulnerability conditions in the state, we used
the Social Vulnerability Index (SVI) prepared by the Institute
of Applied Economic Research — IPEA, which is composed of 16
indicators clustered into three factors as follows: “income and work”,
which indicators are income of less than or equal to half the minimum
wage, low income and dependents of elderly persons, unemployment,
child labor, and formal occupation without primary and lower
secondary education [16]. “Urban infrastructure” encompasses the
following indicators: waste collection, inadequate water and sewage,
and commuting time [16].

And “human capital” has the following indicators: infant mor-
tality, children aged 0-5 out of school, people aged 6-14 out of school,
young mothers aged 10-17, mothers without primary and lower
secondary education with children up to 15 years old, illiteracy in
people aged 15 or more, children in houses where no one has
completed primary and lower secondary school, and people who
neither study nor work and have low income [16].

The social vulnerability index was analyzed according to the
following proposal: the higher the social vulnerability in a given
territory, the greater the precariousness of the living conditions of
the inhabiting population. Social vulnerability values are ranked
in an ascending order and may be interpreted as follows: very
low (0-0.200), low (0.201-0.300), medium (0.301-0.400), high
(0.401-0.500) and very high (0.501-1.000) social vulnerability [16].

In order to identify the relationship between fetal mortality rate
and SVI, a cluster analysis was carried out and aimed to select clusters
of cities with homogeneous characteristics, and from this segmenta-
tion, we applied the Attribute Weighting Algorithm (AWA) technique
[17]. This technique finds clusters in subspaces, where the variance of
attributes is usually smaller per cluster. Thus, if the variance of some
attributes is smaller, there is a tendency to form much more homo-
geneous clusters. The number of clusters was chosen using the Elbow
chart.

After estimating the clusters, the Pearson correlation was calcu-
lated for each cluster. Cluster analysis was performed using the three
SVI factors and the average fetal mortality rate; all calculations and
graphs were made using the R language version 4.0.3. The significance
level of the tests was set at 5%. Thematic maps were drawn up using
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the program QGis®, version 2.14.3, to spatially identify the cities
belonging to each cluster.

For spatial analysis, local Bayesian estimators were applied to
smooth out the more unstable rates and provide stability to the model.
Based on smoothed rates, the Moran Index was used to detect clusters
of areas at risk for fetal mortality. The variation occurs between -1
(inverse correlation) and +1 (direct correlation). Results close to zero
evidence the absence of significant spatial autocorrelation in neigh-
boring areas [18].

The identification of critical areas using the Moran scatterplot
made it possible to compare the value for each city studied with
neighboring cities and notice spatial patterns. The quadrants generated
by the scatterplot allowed us to classify the cities into quadrants Q1
(positive values, positive averages for neighboring cities), Q2 (negative
values, negative averages for neighboring cities), Q3 (positive values,
negative averages for neighboring cities), and Q4 (negative values,
positive averages for neighboring cities), and were represented by the
Box Map [19].

Then we prepared the Moran Map, which considers the areas with
a positive spatial relationship, identified from the Box Map, with
spatial significance of less than 5%. Cities belonging to class Q1 (high-
high) were deemed to be critical areas. Quadrant Q2 (low-low)
indicates areas with a low level of mortality and quadrants Q3 (high-
low) and Q4 (low-high) are transition areas. The spatial analysis was
performed using the programs TerraView 4.2.2 and QGIS 3.14.1.

In this study, we used secondary data from public domain
information systems, in which it is not possible to identify individuals.
For this reason, the authorization of the Ethics and Research Com-
mittee was not required.

Results

Twelve thousand nine hundred and twelve fetal deaths
were reported from 2011 to 2018 in the state of Pernambuco.
The fetal mortality rate for the period analyzed was 11.44
fetal deaths per 1,000 births. A cluster analysis was per-
formed to verify the relationship between stillbirths and
the SVI.

The result of this analysis is represented in the Elbow
chart (Supplementary Material, Figure 1), where seven

Table 1: Result of the cluster analysis of cities with homogeneous characteristics.

Clusters SVI urban infrastructure SVI human capital SVI income and work Fetal mortality rate®
Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max.
Cluster 1 0.22 0.37 0.58 0.50 0.62 0.79 0.59 0.62 0.64 7.63 13.08 20.20
Cluster 2 0.19 0.31 0.45 0.61 0.66 0.72 0.48 0.54 0.59 7.58 12.70 21.58
Cluster 3 0.09 0.34 0.85 0.50 0.53 0.55 0.43 0.53 0.70 6.10 11.90 20.79
Cluster 4 0.11 0.30 0.48 0.55 0.58 0.61 0.38 0.54 0.73 5.68 12.69 18.39
Cluster 5 0.28 0.37 0.49 0.63 0.67 0.76 0.66 0.69 0.77 9.10 15.00 20.96
Cluster 6 0.17 0.36 0.51 0.29 0.36 0.42 0.34 0.43 0.50 9.50 10.62 12.85
Cluster 7 0.10 0.27 0.58 0.44 0.47 0.50 0.36 0.49 0.57 9.39 12.58 18.74
General 0.09 0.32 0.85 0.29 0.55 0.79 0.34 0.54 0.77 5.68 12.54 21.58

?Refers to the average FMR during the study period (2011-2018).
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Figure 2: Result of the city cluster analysis.
clusters of cities with homogeneous characteristics were After choosing the number of clusters to be gener-

formed, as, for this quantity, the residual sum of squaresis  ated, the AWA algorithm was applied, resulting in the
smaller and an inflection point of the curve. associations whose characteristics are displayed in
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Table 1. The illustration of the clustering is clearer when
we analyze Figure 2, which shows the sets of cities
generated by pairing the SVI factors. It is possible to note
that the variables with the greatest influence are “Human
Capital” and “Income and Work”, as the values for these
factors by cluster varied less in comparison with the SVI
Urban Infrastructure. The striking characteristics of each
cluster presented in Table 1 are:

Cluster 1: similar SVI Income and Work (smallest range
of all clusters, 0.05 points) and an average factor 14%
higher than the general average.

Cluster 2: SVI Human Capital with a range of 0.11
points, where the average is 18% higher than the
general average.

Cluster 3: SVI Human Capital with the smallest range
(range 0.05 points), the values, however, are close to
the general average.

Cluster 4: SVI Human Capital with a small range (0.06
points) and values close to the general average.
Cluster 5: It is the cluster that presents the highest
average values for the SVI Human Capital and SVI
Income and Work, with averages 28% and 21% higher
than the general average and ranges of 0.11 and 0.13
points, respectively.

Cluster 6: It is the cluster that presents the lowest
average values for the SVI Human Capital and SVI
Income and Work, with averages 22% and 35% lower
than the general average and ranges of 0.16 and 0.13
points, respectively.

Cluster 7: It presents average values for the SVI Human
Capital and SVI Income and Work, with averages of
10% and 16% lower than the general average and
ranges of 0.22 and 0.06 points, respectively.

Table 2 shows the correlation coefficients between the SVI
factors and the FMR, where the correlations between the
FMR and SVI Urban Infrastructure stand out for cluster 5
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(with the highest SVI Income and Work and Human Capi-
tal) and between the FMR and SVI Human Capital for
cluster 1 (with the second highest average for SVI Income
and Work), being respectively 0.674 p=0.047 (moderate
positive correlation and statistically significant p-value)
and 0.478 p=0.009 (low positive correlation and statisti-
cally significant p-value) [20]. Thus it’s observed the pres-
ence of a very significant correlation for both. For cluster 5,
for every 0.01 point of SVI Urban Infrastructure, the FMR
tends to increase by 0.32. For cluster 1, for every 0.01 points
of Human Capital SVI, the FMR tends to increase by 0.26.

There is also a general correlation with p-value be-
tween FMR and SVI Income and Work and FMR and SVI
Human Capital, showing respectively p=0.007 and
p=0.002, and correlations of 0.229 and 0.197 (insignificant
correlations) [20].

In Figure 3A, it is possible to view the distributions of
cities in the state according to the clusters formed in the
cluster analysis. Attention is drawn to cluster 1, which is
distributed in the mesoregions of Sdo Francisco, Sertdo,
Agreste, and Mata. And cluster 5, which focused more in
the Agreste region, as these were the clusters with the
highest correlation between the FMR and SVI Urban
Infrastructure, as seen in Table 2.

Of the 184 cities in the state, 19 (10.32%) showed a high
fetal mortality rate (Figure 3B) in the period 2011-2018,
located mainly in the mesoregions of Sertdao, Agreste, and
Sao Francisco Pernambuco. After rate correction by the
Bayesian model (Figure 3C), eight cities (4.35%) showed a
high fetal mortality rate, also concentrated in the afore-
mentioned mesoregions.

The global Moran’s index of smoothed rates for the
fetal mortality variable in the analyzed period was 0.665
(p=0.01). In the Chart Map (Figure 3D), we identified three
clusters located in Q1, totaling 59 cities (32.96%), and
located mainly in the Sertdo, Agreste and Sao Francisco. In
the Moran Map (Figure 3E), two clusters were identified as

Table 2: Analysis of correlation between the dimensions of the SVI and the fetal mortality rate for the generated clusters and all cities in

general.
Clusters FMR vs. SVI urban FMR vs. SVI income and work FMR vs. SVI human capital
infrastructure

Correlation p-Value Correlation p-Value Correlation p-Value
Cluster 1 0.312 0.099 0.151 0.433 0.478 0.009
Cluster 2 -0.053 0.829 0.026 0.917 -0.260 0.282
Cluster 3 -0.068 0.671 -0.021 0.897 0.193 0.221
Cluster 4 -0.121 0.434 -0.107 0.491 -0.110 0.478
Cluster 5 0.674 0.047 -0.059 0.880 -0.200 0.606
Cluster 6 -0.497 0.120 0.431 0.186 0.251 0.457
Cluster 7 -0.036 0.852 0.305 0.101 -0.105 0.581
General 0.014 0.851 0.197 0.007 0.229 0.002
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Spatial analysis of fetal mortality and social vulnerability

A) Thematic map of the relationship between fetal mortality and social vulnerability by cluster
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Figure 3: Spatial analysis of fetal mortality
and social vulnerability.

(A) Thematic map of the relationships
between fetal mortality and social
vulnerability by cluster; (B) thematic map of
fetal mortality rate; (C) thematic map of
Bayesian fetal mortality rate; (D) box map of
Bayesian fetal mortality rate; (E) Moran’s
map of Bayesian fetal mortality rate.
Pernambuco, 2011-2018.
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priority for fetal mortality, totaling 27 cities (14.67%), and
being arranged in the mesoregions of Sertdo (17 cities),
Agreste (5 cities) and Sdo Francisco (5 cities).

Discussion

The fetal mortality rate detected in the state of Pernambuco
was higher than that of Brazil (9.5 fetal deaths per 1,000
births) and lower than that of the Northeast region (12.0 fetal
deaths per 1,000 births) [21]. Which is among the regions that
have the highest stillbirth rates in the country, associated
with increased social vulnerability [22]. And shows the worst
social indicators among the five Brazilian macro-regions [23].

The results found a correlation between the occurrence
of stillbirths and social vulnerability. It can be noticed that,
in the cluster analysis between fetal mortality and the strata
of the social vulnerability index, the cluster that presented
the highest average SVI Human Capital and SVI Income and
Work (cluster 5) was the same where the highest average
fetal mortality rate and the most significant correlation
between stillbirths and the SVI Urban Infrastructure
were identified. This cluster predominates in the agreste
mesoregion, which presents a high index of social depri-
vation. And it is pointed out that situations of social need
related to working conditions, infrastructure, and education
are directly linked to the increase in fetal mortality [24].

Increased stillbirths in clusters 1 and 5 were related to
the SVI urban infrastructure and SVI human capital,
which, among their indicators, cover sanitation conditions
and low education or illiteracy, respectively. The clusters of
cities with the highest correlation between fetal mortality
and the SVI were distributed in areas with high rates of
social need, cities at risk for fetal mortality and social need,
as well as low or medium municipal HDI, which allows
assessing the income, health and education conditions of
these places [24, 25].

Two high priority clusters for intervention were iden-
tified through the spatial analysis of fetal mortality, cor-
responding to places that had high rates of stillbirths and
need to be prioritized in health actions. These clusters are
located in areas of high social deprivation and that present
medium, high and very high social vulnerability [24].

Marked social differences are found in Pernambuco,
as, in 2010, it had one of the lowest human development
indices (HDI) in the country, ranking 19th with an HDI
equal to 0.673 [25]. Although increases related to income
and education have been observed in recent years, social
vulnerability continues to show significant values in the
state [26].
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The findings of this study are similar to what was listed
by an analysis performed in Spain, which found a fetal
mortality rate three times higher among women from
countries with low HDI and low education [27]. A higher
risk for fetal mortality is also identified, especially among
black, low-income women, living in rural areas or disad-
vantaged communities and who use illicit drugs [28-31].

Given the results of this analysis, it is pointed out that
addressing social vulnerability is a way to reduce stillbirths
[30]. Improvements in the care provided by maternal and
child health services, proper care during pregnancy and
labor, adherence to prenatal care, and guaranteed access
to health services may also contribute to the reduction of
fetal mortality [32-34].

The research was based on the SIM and Sinasc records
and has the following limitations: issues inherent in the
use of secondary data, regarding underreporting of fetal
deaths, which may contribute to the underestimation of the
fetal mortality rate. And using the city as a unit of analysis
is also a problem, as it can hide internal inequalities.

Final considerations

This study allowed to observe the correlation between fetal
mortality and social vulnerability. The results of this study
highlight that fetal mortality is still a health problem in the
state and is concentrated mainly in areas of social
vulnerability. The application of spatial analysis allowed
the localization of these areas, which enables the targeting
and development of public policies aimed at reducing fetal
mortality in the identified areas.
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