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Abstract

Objectives: to analyze the spatial distribution for stillbirth and spatial association with women s
health and social vulnerability indicators in the city of Sdo Paulo, Brazil.

Methods: ecological study of administrative districts of the city of Sao Paulo, from 2014 to 2021.
The outcome is the stillbirth rate, and covariates are mother's age, inadequate prenatal care, the
Paulistan Social Vulnerability Index (PSVI), women in childbearing age, mortality rate and birth rate.
Exploratory spatial analyses included crude and Bayesian stillbirth rates. Spatial autocorrelation was
tested using t Moran's index and Geary s coefficients. Local Indicator of Spatial Association and Moran
scatterplot were used to identify the risk areas. The Lee coefficient was used to correlate the indicators
with stillbirth.

Results: a total of 39 low-risk clusters were identified in the central region, while 40 high-risk
clusters were identified, primarily in the eastern region (p<0.05). Higher social vulnerability, higher
proportions of adolescent mothers, and higher mortality rates among women of childbearing age were
significantly correlated with higher stillbirth rates (p<0.05).

Conclusions: the analysis identified the areas where higher social vulnerability, higher proportions
of adolescent mothers and higher mortality rates of women of reproductive age are correlated with
higher stillbirth rates.
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Introduction

According to Chou et al.,! the global stillbirth rate in 2019
was 13.9 per 1000 births, down from 21.4 per 1000 born
in 2000, indicating a decrease of 35.1% over nearly two
decades. Recent data show around 1.9 million fetal deaths
worldwide in 2023,> down from 2.6 million in 2015,?
continuing this downward trend.

The literature reveals the importance of measures
concerning stillbirth prevention and reduction. However,
this subject has been neglected* and was included in the
global health agenda only in 2014, with Every Newborn
Action Plan (ENAP), which aims to eradicate preventable
maternal, fetal, and neonatal deaths by 2030. In the state
of Sdo Paulo (SP), significant disparities exist, with 42%
of cities reporting higher stillbirth rates than neonatal
mortality. Projections suggest that stillbirths may surpass
neonatal mortality across Brazil in the medium to long
term, driven by recent improvements in neonatal care and
the increasing focus on stillbirth prevention.’

Regional contrasts for fetal and neonatal mortality
rates in Brazil are associated with coverage, utilization,
and access indicators of the national Unified Health
System services (SUS — Portuguese acronym), pointing
to a higher frequency of system failures of childbirth and
puerperium care in the North and Northeastern regions of
the country.® These results highlight the importance of the
use of spatial-temporal monitoring in identifying patterns
for better organization of maternal and child programs.

Measures of spatial correlation to identify these
associations have been employed in identification of
patterns. Canutto et al.” showed the increasing gradient
of the index of social deprivation with the increase of
the stillbirth rate, ranging from 8.0-10.7 per 1000, in the
mesoregions of Sdo Francisco and Sertdo, in the state
of Pernambuco. Marques et a/.® found an association
of avoidable causes of fetal deaths and three clusters of
social vulnerability obtained from the Paulistan Social
Vulnerability Index (PSVI) distribution in the districts
of the city of Sao Paulo, from 2007-2017. Venancio et
al? identified perinatal mortality patterns in the state of
SP by the Moran’s index, identifying municipalities with
the highest risk. Nascimento et al.!° evaluated the spatial
dependency for the perinatal mortality in areas with lack
of pregnancy care, in 63 areas in the city of Salvador, by
Global and Local Moran’s index and Geary’s coefficient,
in 2007. Silva et al." identified that fetal mortality in the
city of Recife was correlated to the Social Vulnerability
Index (SVI) that considered three factors: “income and
work”, “urban infrastructure” and “human capital”. Silva
et al."? evidenced a spatial correlation between fetal
mortality rates and health districts, highlighting regional
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disparities and the need to identify these areas for targeted
health policies.

The city of Sdo Paulo, a metropolis of 12.2 million
inhabitants, with large socioeconomic disparities between
the 96 administrative districts (AD) and concentrates
28.9% of the stillbirths of the state of SP from 2014-2021.
In the state of SP, the stillbirth rates are an increasingly
important component of perinatal mortality with the
continuing decrease in early neonatal mortality.®

In this paper, we present the analysis focusing on
using the indicators obtained from the districts, without
aggregating them in clusters that would comprise large
areas and population, which would cause a higher
heterogeneity. Most of the papers found approached spatial
correlation in larger areas, especially to stillbirth.

This study aims to identify high-risk areas for fetal
mortality and use regional indicators as key tools for
public policy planning, enabling targeted actions to reduce
preventable fetal deaths.

Methods

The study design is an ecological and exploratory study
that assessed live births and stillbirths from mothers
residing in the city of Sdo Paulo from 01/01/2014 to
12/31/2021. The administrative districts of the city were
defined as the unit of analysis in the present study. In the
analysis, the residents from 2014 to 2021 were considered
and data without any information were excluded.

The outcome variable is the stillbirth rate for each
district, it was obtained from the Mortality Information
Improvement Program (PRO-AIM — Portuguese acronym)
of the Coordination of Epidemiology, and Information
(CElnfo) of the Municipal Health Department of Sdo Paulo
through the TabNet.!* The stillbirth rate is the number of
stillbirths per 1000 live births.

The exposure variables considered the following
indicators:

a) Percentage of inhabitants in medium, high, or

very high social vulnerability conditions: The
PSVIis an index to measure social vulnerability
and classifies the districts of the city into
6 clusters that range from very low to very
high vulnerability, carried out by the State
Data Analysis System Foundation (SEADE
— Portuguese acronym),' in 2010. The index
reflects economic and social performance data,
comprising income, education, access to public
services, opportunities for social mobility and
admission conditions in the job market. The PSVI
is an ordinal qualitative variable comprising
seven social vulnerability groups: extreme low,

very low, low, medium, high (urban), very high



and high (rural), using available information on
the frequency distribution of the inhabitants of
each district in the defined groups. A function
was constructed from the sum of the relative
frequencies for the medium, high, and very high
groups.

b) Percentage of adolescent mothers: ratio of the
number of women aged 19 years or less who have
had at least one live birth per the total number
of women who had children. Source: Live Birth
Information System (SINASC — Portuguese
acronym),® from the Ministry of Health of
Brazil.

c) Percentage of mothers with inadequate prenatal
care: ratio of the number of mothers who did not
undergo prenatal care or who went to less than
seven prenatal consultations per total number of
women who have had children. Source: SINASC.

d) Mortality rate of women in childbearing age:
ratio of the number of deaths of women aged 15-
49 per total number of women in the age group.
Source: PRO-AIM. Data available from 2014 to
2019.

e) Birth rate: ratio of the number of live births per
total population, multiplied by 1000. Source:
SINASC.

All variables were calculated using the average
between 2014 and 2021, while the PSVI was constructed
using variables related to 2010.

The digital SP network per district was obtained at
the Geosampa online platform, available free of charge
by the Sdo Paulo Municipal Government in shapefile
format (shp).'s

The exposure variables considered indicators relied
on other perinatal studies, such as education and mother’s
age, a socioeconomic variable as PSVI. The birth rate is a
proxy for the size of the district and the presence of health
services in the district. We also included the mean monthly
income as a traditional economic variable.

Statistical methods: the crude and empirical Bayesian
stillbirth rates were calculated for the districts, followed
by construction of thematic maps for each rate. Global
Empirical Bayesian stillbirth rates aim to minimize
random fluctuations in crude mortality rates observed in
the analysis units. The Local Empirical Bayesian Estimator
considers the rate adjustment of each district by the rates
of its neighbors, applying a neighborhood matrix. The
empirical Bayesian method considering information of
the neighborhood and relations between close areas in
small populations, by allowing a better control of the
variability of rates through the reduction in variance.'® A
Queen type neighborhood matrix was used for the spatial
analysis, which considers adjacent districts with at least
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one common border point as neighboring, regardless of
the direction of the points.'®

The Global Moran’s index and Geary’s coefficient
were calculated to verify evidence of spatial autocorrelation
concerning fetal deaths in SP: the first uses the difference
between each point and the global average, while the
second uses the difference between pairs of points. The
Global Moran’s index ranges from -1 to 1 and has similar
interpretation as the Pearson correlation. Global Geary’s
coefficient ranges from 0 to +2, with values between 0
and +1 indicating positive spatial autocorrelation and
values between 1 and +2 indicating negative spatial
autocorrelation.!’

The Local Indicator of Spatial Association (LISA)"
deconstructs the global indices, detects non-stationary
regions and groups neighboring areas with similar
indices to find significant clusters. The local Moran
Index identifies risk areas for stillbirth. A thematic map
of the standardized index (z-score LISA), by district,
and a thematic map highlighting the districts with their
respective significant indices are presented.

The Moran scatter plot!®!” allows for the identification
of four types of spatial linear association of coverage
areas: high-high (HH), high-low (HL), low-low (LL), and
low-high (LH). This graph is obtained by the distribution
of the crude stillbirth rates by the respective spatial first-
order lag rates. LL clusters identify low-value stillbirth
rate districts surrounded by low-value stillbirth rates, as
well as the opposite, districts with high rates surrounded
by high rates represent HH municipalities. The transitional
clusters LH and HL stand for low-rate districts with
neighboring higher value areas and higher rates but with
low-rate neighbors, respectively.

Finally, the correlations between each secondary
indicator and the crude stillbirth rates were calculated
by the Lee coefficient, as bivariate spatial association,'”
combining the Moran’s index and Pearson’s correlation
definitions. The Lee coefficient ranges from -1 to +1,
with interpretation equivalent to the Pearson’s coefficient.

The thematic maps and data analyses were processed
in the software R 4.2.2.

The research protocol was approved by the
Research Ethics Committee of the University of Sédo
Paulo, belonging to the Public Health School, CAAE
87655518.6.0000.5421, approval number 2.667.915, on
May 22, 2018.

Results
From 2014 to 2021, 10,263 stillborns and 1,294,412 live

births were registered in SP, with a crude stillbirth rate
of 8.24/1000 births.
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The percentage of missing data due to the absence
of the administrative district was 0.16%. For those with
information about the district there were no missing
values. No fluctuations or trends over time of the stillbirth
rate were observed, with the lowest rate observed in 2018
(7.54/1000 births) and the highest, in 2021 (8.40/1,000
births), with mean of 7.88 and standard deviation of 0.27.
Considering this small variation and the fact that stillbirth
is a rare event, we considered the sum of the data from
2014 to 2021 (Figure 1A). The crude rate variance was
reduced, reflecting the reduction of random fluctuations
concerning risk for stillbirth in the districts (Figure 1B).
Local empirical Bayesian stillbirth rates, which are also
smoothed, and the neighborhood-weighted rates are
displayed in Figure 1C.

The crude, the global and the local Bayesian rates
follow similar geographic distribution (Figure 1), where
the stillbirth rates increase towards the more peripheral
districts, forming high-risk clusters in the Eastern and
Southern regions, and low risk clusters in the central
region. According to the global Bayesian rates (Figure
1B), the districts with the highest rates of fetal death,
between 9.27 and 10.2/1000 births, are Cidade Tiradentes,
Vila Jacui, Iguatemi, Itaquera, Itaim Paulista, Lajeado and
Jardim Helena, located in the eastern zone and Socorro,
located in the south zone of the municipality. In contrast,
the lowest rates of global empirical Bayesian stillbirth
- between 4.8 and 5.7/1000 births, were observed at

Pinheiros, Jardim Paulista, Perdizes, Itaim Bibi and Lapa,

Figure 1

in the western zone; and Carrao, Vila Mariana and Moema,
in southeastern.

The Global Moran’s index and Global Geary’s
coefficient were calculated using crude rates, with
estimates of 0.5822 (p<0.05) and 0.4346 (p<0.05),
respectively, which evidence of spatial autocorrelation
among districts in relation to the stillbirth rate. The
standardized Local Moran’s index (Figure 2A) identified
the district clusters with significant spatial dependence
and ranged between -1.55 and +4.45, corresponds to
p-values between 0.96 and <0.0001, and a value of 1.99
relates to a p-value of 0.05. Figure 2B displays a cluster
in the Eastern region and another in the Western region,
with significant rates (p<0.05), comprising 28 districts,
12 with a high prevalence of stillbirth rate — so that 11
in Eastern region, and 16 characterized by low stillbirth
rates — so that 12 in Western region.

The high-risk cluster identified by the LISA index
comprises the following districts: Cidade Tiradentes,
Guaianases, Iguatemi, [taim Paulista, Itaquera, José
Bonifacio, Lajeado, Parque do Carmo, Ponte Rasa, Sdo
Miguel and Vila Curugd, located in the Eastern Zone of
the municipality, and Cidade Dutra, in the Southeastern
Zone. The low-risk cluster comprised Consolagdo, in
the Central Zone, Alto de Pinheiros, Butanta, Itaim Bibi,
Jaguara, Jaguaré, Jardim Paulista, Lapa, Morumbi, Perdizes,
Pinheiros and Vila Leopoldina, in the Western Zone, Moema,
Satade and Vila Mariana, in the Southeastern Zone, and
Campo Belo and Santo Amaro, in the south zone (Figure 2).

Thematic map of crude and empirical Bayesian stillbirth rates per administrative district. City of Sdo Paulo, from 2014 to 2021.

Crude Rate
[2.9,5.8]
58,71
[7.8]
8,91

Km [9, 1] Km

Global Bayes Rate Local Bayes Rate
[2.9,5.8] [2.9,58]

[5.8,7] [5.8,7]

7.8 (7. 8]
(8, 9] 0 0 20 [8,9]
19, 1] Km [9, 11]

Rev. Bras. Saude Mater. Infant., Recife, 24: €20220138



Figure 2

Spatial distribution of fetal mortality in Sao Paulo city, Brazil

Thematic maps of the standardized index by administrative district and highlighting the districts with their respective significant indices. City of Sao

Paulo, from 2014 to 2021.
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The Moran scatterplot (Figure 3A) evidence spatial
autocorrelation, presenting spatial associations and
concentration patterns. Figure 3B shows all types of
clusters, LL and HH clusters. This indicates that low-
value stillbirth rate districts are surrounded by low-value
stillbirth districts and vice versa. A total of 40 districts
were in HH clusters, located in the peripheral regions at
the East, Eastern, North, South regions (Figure 3B). The
LL cluster concentrated 39 districts in the Southeast and
West regions of the city.

Clusters considered as transition groups were formed
by low-rate districts with neighboring areas presenting
higher values (LH), totaling six districts, each belonging
to a different region of the municipality - North, South and
Southeast - and those comprising districts with higher rates
but adjacent to low (HL) districts, located in the North,
South, Southeast and Center regions, totaling 11 districts.

Figure 4 presents the thematic maps of each of the
six district indicators in SP. High distribution values of
inhabitants in conditions of medium, high, or very high
social vulnerability were noted in the peripheral regions
of the municipality. Similar patterns were observed
concerning the distribution of percentages of adolescent
mothers and mothers with inadequate prenatal care,
birth rates, and mortality rates in women of childbearing
age. However, an inverse spatial pattern was observed
regarding average monthly income, with higher indices
in the central regions.

Table 1 presents the Global Moran’s index for
each indicator, with estimates ranging from 0.304 to
0.700, all significant (»p<0.05), showing the evidence of
spatial autocorrelation between districts in relation to all
secondary indices. These results suggest a correlation
between stillbirth rates and secondary indicators. Initially,
Pearson correlation coefficients were calculated between
each indicator and crude stillbirth rates. Table 1 shows that
indicators positively and moderately correlated to crude
stillbirth rates were “proportion of adolescent mothers”,
“proportion of mothers with inadequate prenatal care”,
“mortality rates in women of childbearing age” and
“proportion of inhabitants with average, high or very
high PSVI” and crude stillbirth presented positively and
weak correlation with “birth rates”. However, Pearson
correlation coefficients do not consider the spatial
effect, so values cannot be adjusted by the neighborhood
matrix. Therefore, Lee coefficients, that incorporate data
spatial structure, were calculated, and indicated that the
“proportion of inhabitants with average, high or very high
PSVI”, “mortality rates in women of childbearing age” and
“proportion of adolescent mothers” were most strongly
associated with crude stillbirth rates.

Thus, Lee coefficients demonstrate that higher
social vulnerability, higher mortality rates in women of
childbearing age and higher proportion of adolescent
mothers are associated with higher stillbirth rates,
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Figure 3
Moran scatter plot and the thematic map representing the respective clusters. City of Sao Paulo, from 2014 to 2021.
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considering the cutoff point of 0.50, this value is arbitrary
and can be chosen by the researchers (Table 1).

Discussion

This study identified the areas with higher stillbirth rates
and indicated that the vulnerability index PSVI, adolescent
mothers and mortality in women of childbearing age
were the most correlated to stillbirth rates amongst other
indicators. This study was able to identify significant
differences between crude stillbirth rates between 2014
and 2021 with the respective values of 7.65 and 8.40
stillbirths/1000 births, indicating a slight increasing trend
over the years. Therefore, about fetal death, a decrease in
behavior and number of cases over time in the city of Sdo
Paulo has occurred.

The city of Sdo Paulo has a public policy focused on
pregnant women, based on the Network for Protection of
Paulistan Mother, since 2006, as a strategy of the SUS.
This program provides health care and support to all
pregnant women in the municipality from the pregnancy
onset, guaranteeing a minimum of seven prenatal
consultations, as well as consultations during childbirth
and the puerperium, up to the second year of the child’s
life'®. Although the coverage of actions and health services
concerning pregnant women has increased over time, some
more peripheral districts in the municipality still present

high proportions of inadequate prenatal care, with fewer
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than seven prenatal visits, corroborating the findings
reported herein."

Studies reporting stillbirth in the spatial context
have been underexplored in Brazil, and few studies
were identified in the examined literature. The studies
focusing on perinatal mortality without separating the
fetal component found evidence of spatial dependence
in 645 areas of the state of SP and in 63 areas of the city
of Salvador.!® Silva et al."" identified in Recife, state of
Pernambuco, areas with significant social inequalities and
lack of access to prenatal care. Silva et al.'? identified
correlation between stillbirth rates and social vulnerability
in the state of Pernambuco.

In the present study, crude stillbirth rates were
correlated positively and moderately with social
vulnerability, adolescent mothers, inadequate prenatal
care and mortality rate in women of childbearing age. The
assessed social vulnerability indices in the municipality
worsened with increasing distance from the central
region. This pattern was also observed in the proportion
of adolescent mothers and mortality rate in women of
childbearing age. The more peripheral the residence
area, the greater the social vulnerability and the higher
the proportion of adolescent mothers and mortality rate
in women of childbearing age. Consequently, the risk of
stillbirths among pregnant residents increases in these

areas.



Spatial distribution of fetal mortality in Sao Paulo city, Brazil

Figure 4

Thematic map of secondary indicators per administrative district. City of Sao Paulo, from 2014 to 2021*.
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*For Mortality rate in women of childbearing age, data available from 2014-2019; PSVI= Paulistan Social Vulnerability Index.
Table 1
Global Moran's Index and Pearson and Lee correlation coefficients for selected Indicators. City of Sao Paulo, from 2014 to 2021.
Indicator Global Moran’s index Pearson correlation coefficient Lee coefficient
Stillbirth rate 0.582* - -
Proportion of adolescent mothers 0.633* 0.777* 0.529*
Proportion of mothers with inadequate prenatal care 0.580* 0.688* 0.436
Birth rates 0.304* 0.454* 0.344*
Mortality rate in women of childbearing age 0.643* 0.734* 0.529*
Proportion of inhabitants with average, high or very high PSVI 0.700* 0.633* 0.501*

* p<0.05; PSVI = Paulistan Social Vulnerability Index.
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Consistently, it has been observed that a previous
spatial analysis for health indicators showed that in the city
of Sdo Paulo, the pattern of clusters relating the central-
periphery effect is related in several outcome: births,
differences in maternal, gestational, labor and newborn
characteristics;?® social vulnerability and the proportion
of mothers under 18 years old, low maternal education
and fewer prenatal visits, spatial correlations between
the proportion of adolescent mothers and socioeconomic
status for births in the city of Sdo Carlos, located in state of
SP; higher risk for fetal deaths due to avoidable causes and
social deprivation,* The social deprivation was associated
to fetal and infant mortality, in the city of Recife.”? The
proportion of school-age children with dental caries
increases with increasing distance from the central region
towards the peripheral areas of the city, as well as with
the average family income, unemployment rate, household
overcrowding and the income distribution inequality
index.?® The spatial correlation of socioeconomic factors
and other health outcomes were also found in some
studies. In the state of S2o Paulo, spatial patterns of
mortality of low birth weight infants have been analyzed,
revealing a correlation with maternal and socioeconomic
determinants.”* Similarly, Andrade et al.*® examined the
impact of socioeconomic factors and health determinants
on preterm birth rates across Brazil, identifying higher
preterm birth rates in rural and less affluent areas. All these
studies showed the presence of socioeconomic differentials
in spatial distribution and possible associations with health
outcomes. Understanding how these dynamics influence
health outcomes could provide a better management of the
health services. Exploratory analyses are a fundamental
part of the study and are a basis for analysis as spatial-
temporal regressions. Methods to deal with a larger
number of indicators that jointly associate to the outcome
can be implemented as a part of the exploratory analysis. A
better selection of variables is also desired, even though it
is hard to establish a cutoff point for the correlation values.

Prenatal care is the indicator that presented the lowest
correlation coefficient in our study. Despite this result,
several studies have related fetal deaths to inadequate
or absent prenatal care in Brazil,?*?” indicating failures
in health assistance, such as absence, inadequacy and
failure to attend consultations. These findings highlight
the challenge faced by neonatologists, obstetricians, and
the public sector in improving the quality and conditions
of care regarding gestation, delivery, and newborn care
through public policies.?® A modern antepartum and
intrapartum care must be implemented including fetal
monitoring, especially in low-income settings,? in
which the areas identified could be more straightforward
considered to receive such improvements.
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The crude and Bayesian estimates (both global and
local) demonstrated a high degree of similarity, indicating
consistent patterns of identification of the clusters. The
Global Moran’s index and Global Geary’s coefficient
showed evidence of spatial association, while the LISA
identified a low-risk cluster in the Western region of the
municipality, and a high-risk cluster in the Eastern region
of the municipality. The Moran scatterplot classified 40
districts as HH clusters, located in extreme and peripheral
regions, with a concentration of eastern districts, while LL
clusters concentrated 39 districts in the central region. The
LISA results corroborated the Moran’s index. Of the eight
districts presenting the highest overall Bayesian stillbirth
rates (Cidade Tiradentes, Iguatemi, Vila Jacui, Itaquera,
Itaim Paulista, Socorro, Perus and Lajeado), all of them
belong to the high-risk cluster, however, three districts
did not present a significant standardized LISA index.
Amongst the 8 lowest-risk districts (Lapa, Itaim Bibi, Vila
Mariana, Perdizes, Moema, Carrdo, Vila Leopoldina and
Jardim Paulista), all of them belong to the low-risk cluster,
but Carrdo district, in the Southeast zone, did not present
a significant standardized LISA index. These results also
indicate convergence of all the performed analyses.

The limitations of the present study include the use
of secondary data and, even with the use of indicators
from the districts, instead of clustering districts, we
still could not ensure homogeneity. Another issue is the
underreporting of stillbirths that could affect the rates. In
poorest parts of Brazil, underreporting was 10% and this
percentage was higher in smaller municipalities.’* The
Network of Protection for the Paulistan Mother could
minimize this effect by providing access to hospital for
the mothers with fetal loss, although we did not find
information about the underreporting estimation in the
city. The concept of death may be classified by different
criteria according to country or region, restricting
comparisons of the obtained result with other countries.
On the other hand, this study demonstrated the impact
of indicators on stillbirth and their relation to spatial
inequalities. The living conditions of the population
contributes to the disparity of stillbirth in the city of Sao
Paulo, and this study indicates some important indicators
for the public health service managers, especially in
regions presenting high risk for fetal death.

The findings of this study, based on an exploratory
spatial analysis, indicated that the PSVI, adolescent
mothers and mortality in women of childbearing age
were the most correlated to stillbirth rates, amongst
other indicators. The identification of these areas may
be used by the public health services managers to
understand how health services are distributed and which
interventions might reduce stillbirth rates in these regions.



The exploratory spatial analysis as presented here can
contribute to the selection of variables in further analysis.
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