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Spatial distribution of low birthweight infants in Taubaté, Sao Paulo, Brazil

Distribuicdo espacial dos recém-nascidos com baixo peso em Taubaté, S&do Paulo

Distribucion espacial de los recién nacidos con bajo peso en Taubaté, Sao Paulo

Luiz Fernando C. Nascimento’, Thais Moreira Costa’, Maria Stella A. da C. ZélIner’

ABSTRACT

Objective: To identify the spatial pattern of low birth weight
infants in the city of Taubaté, Sdo Paulo, Southeast Brazil.

Methods: Ecological and exploratory study, developed
with the data acquired from the Health Department of
Taubaté, regarding the period from January 1 2006 and
December 31 2010. Birth certificates were used to obtain
the data from infants weighing less than 2500g. A digital
basis of census tracts was applied and the Global Moran
index (I)) was estimated. Thematic maps were built for the
distribution of low birth weight, health centers and tracts,
according to the priority care (Moran map). The adopted
statistical significance was 0.=5% and TerraView software
conducted the spatial analysis.

Results: There were 18,915 live births during the study
period, with 1,817 low birth weight infants (9.6%). The low
birth weight infants’ prevalence during the period ranged
from 9.3 to 9.8%. A total of 1,185 infants with known
addresses, compatible with the digital base (65.2% of low
birth weight infants), were included. The L, for low birth
weight was 0.12, with p<0.01; regarding the health centers
distribution, I, was -0.07, with p=0.01. The Moran map
identified 11 census tracts with high priority for interven-
tion by health managers, located in the outskirts of the city.

Conclusions: The spatial analysis identified the low birth
weight distribution by census tracts and the sectors with a
high priority for intervention.

Key-words: infant, low birth weight; primary health
care; geographic information systems.

RESUMO

Objetivo: Identificar o padrdo de distribuicdo espacial
de recém-nascidos (RN) com baixo peso no municipio de
Taubaté, Sdo Paulo.

Métodos: Estudo epidemiolégico do tipo ecolégico e
exploratério, com dados da Secretaria Municipal de Satde
de Taubaté, relativos ao periodo de 1° de janeiro de 2006 a
31 de dezembro de 2010. Utilizou-se a declaragdo de nas-
cidos vivos para obter os dados de nascimentos com peso
inferior a 2500g e uma base digital de setores censitdrios
para a andlise. Calculou-se o Indice de Moran Global (L,
construindo-se mapas temdticos para a distribuicdo dos
RN com baixo peso, dos postos de satide e dos setores, de
acordo com a prioridade de atendimento (Mapa de Moran).
A significincia estatistica adotada foi o.=5%. Efetuou-se a
andlise espacial pelo programa TerraView.

Resultados: Verificaram-se 18.915 nascidos vivos no
periodo de estudo e 1.817 apresentavam baixo peso (9,6%).
A prevaléncia de baixo peso ao nascer no periodo variou de
9,3 2 9,8%. Incluiram-se 1.185 RN que tinham enderegos
conhecidos e compativeis com a base digital (65,2% do
total com baixo peso). O I, para neonatos com baixo peso
foi de 0,12, com p<0,01; para a distribui¢do dos postos de
satide, obteve-se I,,=-0,07, com p=0,01. O Mapa de Moran
identificou 11 setores censitdrios que devem ser objeto de
intervengdo pelo gestor de saide, os quais se situam na pe-
riferia da cidade.

Conclusdes: A andlise espacial identificou a distribuicio
dos RN com baixo peso por setores censitirios e os setores
com alta prioridade de intervencédo.
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RESUMEN

Objetivo: Identificar el estdndar de distribucién espacial
de recién nacidos (RIN) con bajo peso en el municipio de
Taubaté, Sao Paulo.

Métodos: Estudio epidemioldgico de tipo ecolégico y
exploratorio, con datos de la Secretarfa Municipal de Salud
de Taubaté, relativos al periodo de 1 de enero de 2006 a 31
de diciembre de 2010. Se utilizé la declaracién de nacidos
vivos, para obtencién de los datos de nacimientos con peso
inferior a 2.500g, y una base digital de sectores censitarios
para el andlisis. Se calcul6 el Indice de Moran Global I)s
construyéndose mapas temadticos para la distribucién de los
RN con bajo peso, de los puestos de salud y de los sectores,
conforme a la prioridad de atencién (Mapa de Moran). La
significancia estadistica adoptada fue 0.=5%. Se efectud el
andlisis espacial por el programa TerraView.

Resultados: Se verificaron 18.915 nacidos vivos en el
periodo de estudio y 1.817 presentaban bajo peso (9,6%).
La prevalencia de bajo peso al nacer en el periodo vari6 de
9,3 2 9,8%. Se incluyeron 1.185 RN que tenfan direcciones
conocidas y compatibles con la base digital (65,2% del total
con bajo peso). E1 I para neonatos con bajo peso fue de 0,12,
con p<0,01; para la distribucién de los puestos de salud, se
obtuvo I, =-0,07, con p<0,01. El Mapa de Moran identific6 11
sectores censitarios que deben ser objeto de intervencién por
el gestor de salud, que se ubican en las afueras de la ciudad.

Conclusiones: El andlisis espacial identificé la distribu-
cién de los RN con bajo peso por sectores censitarios y los
sectores con alta prioridad de intervencién.

Palabras clave: recién nacido de bajo peso; atencién
primaria a la salud; sistemas de informacién geogrifica.

Introduction

Low birth weight refers to the neonate weighing less than
2,500g", due to a shorter pregnancy, intrauterine growth
retardation, or association of these two conditions®. Other
factors such as smoking, low maternal education, younger
maternal age, marital status, slight weight gain during
pregnancy, hypertension, and genitourinary tract infection in
pregnancy, parity, and fewer prenatal consultations may also
be associated with low birth weight. Likewise, socioeconomic
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variables, such as family income lower than minimum wages,
education up to 8 years, demographic and reproductive vari-
ables, such as maternal age <19 years, other children with low
weight and history of miscarriage and gestational variables,
such as hypertension, bleeding, and weight gain up to 10kg,
have been reported as associated with low birth weight®*.
Finally, environmental factors, such as maternal exposure to
air pollutants, are also associated with this condition®. Low
birth weight is probably one of the leading causes, alone, of
infant mortality®. In 2010, its prevalence was of 8.3%, and,
in the state of Sdo Paulo, of 9.1%7.

The disease mapping, using geoprocessing, is a basic
tool in the field of Public Health and recently yielded many
advances in analytical techniques, to product maps whose
construction should be free from “random noise” or artifacts
related to the length of geographical areas and the population
of the focused regions®. When a special pattern is visualized,
it is important to translate it into objective considerations:
is the observed pattern random or does it have a defined ag-
gregation? May this distribution be associated to measurable
causes? Are there groups of areas with different patterns
within the study area? The spatial study of prematurity in
the urban space aims to identify geographical areas with
high rates of specific illness, in this case, of preterm births.
Occasionally, this approach may also identify factors associ-
ated with the issue in question.

Morais Neto ez 2/, in the municipality of Goiania, state
of Goids, used spatial analysis to assess areas of risk for neo-
natal death, emphasizing the importance of this study for
possible interventions in healthcare. Nascimento ez 2/'?, in
a study on the same topic conducted in the Paraiba Valley,
indicated the presence of spatial clusters and pointed to the
need for municipal interventions. Paulucci e #/'" identified
high-priority areas of intervention, to minimize the occur-
rence of premature births in the municipality of Taubaté,
state of Sdo Paulo, using spatial analysis.

In this context, the aim of this study was to identify the
spatial distribution of low birth weight in the municipality
of Taubaté, correlating it with the distribution of health

care centers.

Method

This was an epidemiological, ecological, and explor-
atory study, with data obtained at the Municipal Health
Secretariat of Taubaté, regarding the period of January 1st,
2006 to December 31st, 2010. Taubaté has a population of
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about 270 thousand inhabitants, located on the banks of the
Dutra Highway (Rodovia Presidente Dutra), in the Paraiba
Paulista Valley (Vale do Paraiba Paulista), 120km from the
municipality of Sdo Paulo.

The Statement of Live Birth (SLB) was used for the
analysis, separating only the cases of live births weighing
less than 2,500g. The SLB comprises address data (street,
number, neighborhood, and ZIP code) inserted in the table
analyzed by the TerraView program (available at http://www.
dpi.inpe.br/download). Twin newborns (NB), or those with
birth weight lower than 500g were excluded from the study.

The TerraView software uses a digital base of census tracts
and enables spatial analysis, providing the Global Moran’s
Index (MI), which estimates the spatial correlation between
the polygons. In the present case, these polygons are rep-
resented by census tracts. The MI can vary from -1 to +1 e
and the computer program used also provides the statistical

significance of this index (p-value). Thus, possible clusters
of the occurrence of low weight births may be evidenced,
according to the census tracts.

The size of the census tract varies inversely with
population density, containing approximately 300 house-
holds. The digital map of Taubaté was obtained, with
census tracts, at the website of the Brazilian Institute of
Geography and Statistics (Instituto Brasileiro de Geografia
e Estatistica — IBGE) (http://www.ibge.gov.br/home/
mapa_site/mapa_site.php#download). Figure 1 shows
the census tracts of the municipality, the locations of the
railroad (Estrada de Ferro), Presidente Dutra Highway,
and Osvaldo Cruz Highway (Rodovia Osvaldo Cruz). The
following maps were built: thematic maps (coropletes)
regarding the occurrence of low weight newborns, the Map
of Moran, which identifies censor tracts that should be ob-
ject of intervention, and the Kernel Map, which identifies
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Figure 1 - Map of the muncipality of Taubaté with its 313 census tracts and highways
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regions with the highest densities of low weight newborns.
The thematic map was built with four ranges of values,
according to the distribution of low weight newborns in
the tracts. The level of significance was established at 5%.

Results

There were 18,915 live births in the study period, of
which 1,817 were underweight (9.6%). The prevalence
of this condition in the period ranged from 9.3 to 9.8%. It
included data on 1,185 infants who had known addresses com-
patible with the digital base (65.2% of total underweight).

The IM for newborns with low birth weight was 0.12,
with p<0.01, which reveals a significant positive correla-
tion, i.e., there are census tracts forming clusters, with the
occurrence of low-weight newborns (Figure 2). The number
of cases per census tract ranged from zero to 30.

There was a higher cluster in the east and west of the
municipality (SZo Paulo in the direction of Rio de Janeiro,
along the Dutra Highway) and further clusters of census
tracts south of the Dutra Highway. The corridor bounded
by the railway line and the Dutra Highway concentrated the
tracts with the lowest number of cases (Figure 2).

The Moran Map showed 11 census tracts that should be
object of intervention by the secretary of health, located on
the outskirts. On the other hand, tracts with low priority of
intervention were located in the central region and are located
between the Dutra Highway and the railroad (Figure 3).

The addresses of 40 Health Centers (HC) were included
in the study. Their distribution through the city favors
tracts that are away from the central region. The MI for this
distribution was of -0.07 (p=0.01), suggesting that there
are tracts with HCs surrounded by others without these
centers (Figure 4).
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Figure 2 - Distribution of occurrence of newborns with low birth weight, in absolute numbers, according to census tracts, Taubaté,

state of Sao Paulo, Brazil, 2006-2010
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Discussion

The prevalence of low birth weight was close to the val-
ues for the state of Sao Paulo, ranging from 9.3 to 9.8%.
This study identified areas with high incidence of low birth
weight, which are located, most often, on the outskirts of
the municipality. The occurrence of low birth weight has a
radial distribution, increasing from the central region to the
outskirts, and presents significant positive spatial correla-
tion, as indicated by the value of MI. The tracts involved by
the railroad and the Dutra Highway, located in the central
region, are those with the lowest numbers for low weight (up
to five). In this study, it was considered that the composi-
tion of census tracts was homogeneous, with no differences
between central and peripheral tracts, for analysis purposes.

The highest incidence of low birth weight on the most
peripheral areas can relate to the fact that these tracts possibly

house people with lower income. Since low birth weight is
associated to families with monthly income lower than three
minimum wages” and low maternal education, which may
be a marker of socioeconomic status?, this distribution can
be understood. In this line, the most central tracts, which
are probably housing people with higher education and,
consequently, with the best conditions, had a lower incidence
of this outcome.

As it was assumed that the composition of the tracts
was homogeneous, i.e., the age groups were similar in
all tracts, whether they were located centrally or periph-
erally, the proportion of adolescents would be similar.
Thus, births from teenage mothers should occur with this
distribution, both in the central region and in the areas
distant from the center. There is still no consensus on

the association between low birth weight and adolescent
motherhood®-19.
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Figure 3 - Map of Moran identifying census tracts with high and low priority of intervention and those which are not significant

Taubaté, state of Sdo Paulo, Brazil, 2006—2010
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Would the cases of low birth weight decrease if there were
adequate care for these mothers in prenatal care? It is known
that the ideal number of pre-natal visits recommended by
the Ministry of Health (more than seven) is associated with
adecrease in the number of low weight births*!® but there
is disagreement as to the protection conferred'”. What seems
clear is not the quantity, but the quality of the visits. Another
important fact is the late onset of prenatal care, which may
compromise the outcome of pregnancy. On the other hand, a
greater number of pre-natal visits may arise from situations
of risk to the mother or the newborn. A smaller number
of visits can also be associated to the difficulty of access to
health services.

The Health Centers (HC) are distributed in larger
quantity in the outskirts than in the center of town. This
distribution is significant and spatially autocorrelated, with
tracts containing HCs surrounded by tracts without them,

hence the negative value of MI. It is noteworthy that there
are still tracts with more than one health center.

It is interesting to compare the maps of the distributions
of low weight events and the distribution of HCs. There are
tracts with a high number of low-weight newborns, but
containing HCs, and two tracts, which presented 15—-30 NBs
in this condition, had at least one HC. We should consider
the type of care provided to pregnant women, because it is
possible that there is no prenatal care program or that there
is a lack of professionals to care for these mothers at these
centers, a fact that must be corrected.

Regarding the analysis of the Moran Map, 11 tracts were
identified where interventions are prioritized. These tracts
have their own dynamics and, by decreasing the occurrences
of low-weight newborns in these places, there will be a drop in
adjacent tracts. These tracts are located in regions that are more
distant from the city center. On the other hand, the Moran

B Health Centers
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Figure 4 - Distribution of Health Centers in the census tracts of Taubaté, state of Sdo Paulo, Brazil, 2006—2001
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map identified tracts where interventions have low priority.
These tracts are located, preferably, in the central region.

The 11 high-priority tracts, both located in the northeast
and in the southeast region of the municipality, have medi-
cal care provided by an obstetrician and gynecologist. On
the other hand, they are tracts with a low level of social and
economic development, besides being having reports of drug
trafficking and prostitution.

The strength of this study lies in its extent of duration
(5 years), which reduces the chances of data fluctuation —
such as, for example, the large occurrence in a given sector,
in a given year. Over time, if this number is not repeated,
its importance fades. Another strength of the study is the
possibility of assisting the local government to intervene
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