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ABSTRACT

Objective: analyze the pattern of spatial distribution of the prevalence rate of births
with congenital disorders and its relationship with social, economic, health care and
environmental indicators in Parana, Brazil, from 2008 to 2015. Method: ecological study
with variables extracted from secondary banks, related to the births of children of mothers
residing in Parana, in two quadrennial (2008-2011 and 2012-2015). The analysis of the rates
was performed with univariate spatial (Moran) and multivariate approach (Ordinary Least
Squares and Geographically Weighted Regression). Results: the occurrence of congenital
disorders presented a significant association (p<0.05) with: registration in primary care of
pregnant women over 20 years of age; urbanization degree; consumption of pesticides;
and balance of female formal employment. Conclusion/Final considerations: social,
health care and environmental variables showed a non-stationary spatial pattern in the
analyzed period and influenced positively and negatively the rates.

Descriptors: Congenital Disorders; Population Spatial Distribution; Epidemiologic Method;
Spatial Regression; Newborn.

RESUMO

Objetivo: Analisar o padrao de distribuicao espacial da taxa de prevaléncia dos nascimentos
com anomalias congénitas e sua relacdo com indicadores sociais, econdmicos, de atencédo a
saude e ambientais no estado do Parana, Brasil, de 2008 a 2015. Método: Estudo ecoldgico
com variaveis extraidas de bancos secundarios, relativas aos nascimentos de filhos de
maes residentes no estado do Parand, em dois quadriénios (2008-2011 e 2012-2015). A
analise das taxas foi realizada com abordagem espacial univariada (Moran) e multivariada
(Ordinary Least Squares e Geographically Weighted Regression). Resultados: A ocorréncia
de anomalias congénitas apresentou associacao significativa (p<0,05) com: cadastramento
na atencao primaria de gestantes maiores de 20 anos; grau de urbanizagao; consumo de
agrotoxicos; e saldo de emprego formal feminino. Conclusao: As variadveis sociais, de
atencao a saide e ambientais demonstraram padrao espacial ndo estacionario no periodo
analisado e influenciaram positiva e negativamente as taxas.

Descritores: Anormalidades Congénitas; Distribuicdo Espacial da Populagdo; Aplicagdes
da Epidemiologia; Regressao Espacial; Recém-Nascido.

RESUMEN

Objetivo: Evaluar el patron de distribucién espacial de la tasa de prevalencia de los
nacimientos con anomalias congénitas y su relacién con los indicadores sociales, econdmicos,
medioambientales, de atencién a la salud en el estado de Parang, Brasil, de 2008 a 2015.
Método: Estudio ecoldgico con variables de bancos secundarios, relativas a los nacimientos de
hijos de madres residentes en el estado de Parana, en dos cuatrienios (2008-2011y 2012-2015).
Se hizo el andlisis de las tasas desde el andlisis espacial univariada (Moran) y multivariante
(Ordinary Least Squares y Geographically Weighted Regression). Resultados: La presencia de
anomalias congénitas presentd una asociacion significativa (p <0,05) con: el registro en la
atencion primaria de gestantes mayores de 20 afos de edad; el grado de urbanizacién; el
consumo de agrotoxicos; y el saldo de empleo formal femenino. Conclusién: Las variables
sociales, medioambientales y de atencion a la salud demostraron haber un patrén espacial no
estacionario en el periodo analizado, ademas influenciaron positiva y negativamente las tasas.
Descriptores: Anomalias Congénitas; Distribucion Espacial de la Poblaciéon; Usos de la
Epidemiologia; Regresion Espacial; Recién nacido.
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INTRODUCTION

According to the World Health Organization (WHO), the
congenital disorder (CD) comprises any malformation found in
the newborn, intrauterine or after birth, whether of a structural,
functional or metabolic nature™. Internationally, CD affect 3% of
live births (LB)? and become the leading cause of child deaths
in developed countries such as the United States and Japan®*.

From 1990 to 2015, Brazil presented a 70.7% drop in the infant
mortality rate (47.1 to 13.8 deaths/1000 LB). However, CD have
moved from fifth to second place among the causes of death since
1999 In Parana, CD were the second leading cause of child deaths
in the period from 2007 to 2016©. Thus, its prevalence became
a significant public health problem despite the improvement in
the general health indicators of the population®.

In recent years, international geospatial analysis studies identi-
fied spatial patterns of CD in Israel® and the association of CD
with low birth weight in the USA®). The spatial distribution of
some specific types of CD, such as gastroschisis"® and neural
tube defects, was also analyzed™. In Brazil, only one study was
identified, in Mato Grosso, with the purpose of identifying the
spatial pattern of CD"?. Thus, the analysis of the pattern of spatial
distribution of the prevalence rate of births with CD in association
with social, economic, health care and environmental indicators
is an innovative approach in the Brazilian scenario.

OBJECTIVE

Analyze the pattern of spatial distribution of the prevalence
rate of births with CD and its relationship with social, economic,
health care and environmental indicators in Parana, Brazil, from
2008 to 2015.

METHOD

Ethical aspects

Freire MHS, Barros APMM, Andrade L, Nihei OK, Fontes KB.

de Informag6es de Atengdo Bdsica (SIAB - Basic Care Information
System)(®), from 2012 to 2015, all provided by DATASUS by the
system Tabwin’. The data related to the economic variables
were obtained from the database BDEweb’, of the Instituto
Paranaense de Desenvolvimento Econémico e Social (IPARDES
- Parana Institute for Economic and Social Development)‘®,
research institution associated with the Secretaria de Estado
do Planejamento e Coordenacgédo Geral do Estado do Parand
(SEPL - State Secretary of Planning and General Coordination
of Parand). The base is supplied with data from the last census
of the Brazilian Institute of Geography and Statistics (IBGE), of
2010. Finally, we used data available from Agéncia de Defesa
Agropecudria do Parand (ADAPAR - Agricultural Defense Agency
of Parand)"”from 2013 to 2015. The agency establishes norms,
standards, and procedures for measures to prevent and preserve
the health of Parand’s agricultural production.

All data were collected between November 2017 and Feb-
ruary 2018 and reviewed in a double-checking process. The
period covered, which runs from 2008 to 2015, was divided
into two quadrennial: from 2008 to 2011 (15t qd) and from 2012
to0 2015 (2" qd).

The place studied was Paran4, located in the southern region
of Brazil (latitude 22°30'58" and 26°43'00", longitude 48°05'37"
and 54°37'08"). Parana has 399 municipalities, 91.2% of which
have less than 20,000 inhabitants"®. The municipalities are dis-
tributed in 10 geographical mesoregions, in an area of 199,305
km?2. In 2010, Parana had 10,444,526 inhabitants. The fact that
it has the fifth best Human Development Index of Brazil, with
an HDI of 0.749 (Figure 1)19, contrasts with important regional
economic differences: the north, west and metropolitan regions
are more developed, and the central and southern regions less
developed. These regional differences are important to under-
stand the findings of this study.

This study complied with the standards of
Resolution 466/2012 of the National Health
Council™, being reviewed and approved by
the Comité de Ftica em Pesquisa (CEP - Research
Ethics Committee) of the Universidade Federal
do Parana (UFPR) and the Secretaria Estadual
de Satde do Parand (SESA - State Secretariat of
Health of Paranad).

23°0'0"S

25°00"S

Design, period and place of study

This is a retrospective ecological study
that used public databases to filter second-
ary data on births, mortality and primary
care registration. The banks surveyed were:
Sistema de Informag6es sobre Nascidos Vivos
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(SINASC - Live Birth Information System)‘4
and Sistema de Informagdes sobre Mortalidade
(SIM - Mortality Information System) ©, relating
to the period from 2008 to 2015; and Sistema

Source: IPARDES, 2010.

Figure 1 - Map of administrative regions and Human Development Index levels of municipali-
ties in Parang, Brazil, 2018

Rev Bras Enferm. 2020;73(3):e20180741 2 of 9



Geospatial analysis of births with congenital disorders, Parana, 2008-2015: ecological study

Population or sample; inclusion and exclusion criteria

Data were included for all live births (LB) and fetal deaths/
stillbirths, in the period from 2008 to 2015, of mothers living
in Parand who had their live birth certificates (LBC) and death
certificates (DC) completed and registered in SINASC and SIM.

Study protocol

The guidelines of Strengthening the Reporting of Observational
Studies in Epidemiology (Strobe) were followed to organize the
study from its methodological design®. We adopted the WHO
guideline that recommends counting, in addition to live births
with and without CD, stillbirths, or fetal deaths, with and without
CD, multiplying the result by 10,000 LB, to calculate the preva-
lence rate of births with congenital disorders (PRBCD) in the 399
municipalities of the state®. These are the independent variables.

Analysis of results and statistics

In the exploratory analysis of spatial data, the empirical Bayesian
estimator was used to minimize possible random fluctuations of
the rates derived from municipalities with small populations2",
since the estimator calculates a weighted rate considering re-
gional variances®*2?%, The matrix of queen weights in the GeoDa
software (v. 1.10.0.8), which considers all the neighborhoods,
was used for this@'23),

Spatial autocorrelation was analyzed according to PRBCD and
based on the Moran Global Index, which varies between -1 and
+1.Values higher or lower than expected by the Moran Index (E (1)
=-1/(n-1)) indicate positive or negative autocorrelation, respectively.
From this perspective, a positive spatial autocorrelation indicates that
neighboring areas present similar values to those of the analyzed
area, and a negative spatial autocorrelation indicates that neighbor-
ing areas present different values in relation to the analyzed area. A
Global Moran Index close to zero indicates spatial independence.

The Moran Global Index can hide local patterns of spatial
association, considering that values close to zero do not neces-
sarily indicate no spatial correlation at the local level. Therefore,
the analysis of local indicators of spatial association (Lisa) was
performed in the GeoDa software, allowing the evaluation of rates
relative to neighborhood, detecting the presence of significant
spatial clusters according to PRBCD, visualized by choropleth
maps and with data divided by quartiles®*?>. With this analysis,
the detected spatial clusters presented the following patterns:
high-high (municipalities with high rates and neighbors with high
rates); low-low (municipalities with low rates and neighbors with
low rates); high-low (municipalities with high rates and neighbors
with low rates); e low-high (municipalities with low rates and
neighbors with high rates).

The global and local spatial autocorrelation coefficients were
considered significant when p<0.05. Both the Moran Global Index
and the Lisa analysis focus on detecting spatial patterns and
systematic variation of the phenomenon by location®, being
used in this study for univariate analysis.

In relation to the multivariate spatial regression models, the
independent PRBCD variable (representative only of the 2"qd)

Freire MHS, Barros APMM, Andrade L, Nihei OK, Fontes KB.

was analyzed for each municipality, due to the obtaining of the
most recent secondary data (namely: availability of the last Census
of 2010), and dependent, social, economic, environmental and
health care variables, using the Ordinary Least Squares (OLS) and
Geographically Weighted Regression (GWR) models.

The OLS method generates a linear regression model that seeks
to explain the global relationship between the independent vari-
able and the dependent variables®?2?9, The GWR method, in turn,
has its coefficients estimated locally, from the spatial variability
in each area. Thus, initially, the coefficients of each variable that
were significant in the general model (OLS) were tested in the
local model (GWR)®'27),

In order to reduce multicollinearity and favor the performance
of the multivariate analysis model, an iterative sensitivity analysis
was conducted. The model was chosen based on the Akaike (AIC)
information criterion and the best adjusted R? classic methods
of selection of dependent variables in the multivariate regres-
sion model®, Finally, after analyzing several variables, only the
predictors with the greatest potential to explain the births of
babies with CD in the municipalities were included in the model,
namely: pregnant women over 20 years old registered in pri-
mary care (we chose to work from this age, as it was the period
of higher fertility of the woman, when more births occur)@®2%;
urbanization degree (percentage of residents in urban areas);
formal female employment balance (admitted and dismissed);
and consumption of pesticides (volume traded).

To evaluate the performance of OLS (classic) and GWR (spatial),
these models were compared considering as parameters the
adjusted R?, the AIC and the lowest variability of the resulting
residues of each model@'3%, The OLS model was processed in
the GeoDa program, version 1.10.0.8 (Spatial Analysis Labora-
tory, University of Illinois at Urbana-Champaign, USA). The GWR
model was implemented with the GWR program, version 4.02%
2730 The choropleth maps were generated in the QGIS software,
version 2.146",

RESULTS

Comparing the quadrennial in study, 15'qd and 2"qd, it was
verified that the median of PRBCD was 78.3 and 78.8/10,000 LB,
respectively, and the maximum PRBCD increased from 145/10,000
LB (1%'qd) to 182/10,000 LB (2"qd) (Figure 2). From one period
to another, the western, north-central and southwestern regions
presented a higher number of municipalities with high rates. The
opposite occurred in the northwest, midwest, east-central and
north-pioneer regions (Figure 2).

In the global analysis of univariate Moran according to PRBCD,
significant positive spatial autocorrelation was identified in the
whole state, both for the 1*\qd (I=0.6133; p<0.0001) and for the
2qd (1=0.7263; p<0.0001).

The Lisa analysis indicated the presence of six high-high type
clusters, covering 65 municipalities with high PRBCD, located
predominantly in the western, center-south, southeastern, north-
pioneer and metropolitan regions (Figure 3). In the 2"qd, six
high-high clusters were also identified, with 64 municipalities
located predominantly in the western, center-south, southwestern,
north-central and metropolitan regions (Figure 3).
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Figure 2 — Maps with birth prevalence rates with congenital disorders according to mesore-
gions, Parana, Brazil, 2008 to 2011 (1*'qd) and 2012 to 2015 (2"qd)
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relationship between the 2"qd PRBCD (2012
to 2015) and the dependent variations tested,
highlighting those with greater predictive power
of local variations of the PRBCD according to the
GWR model: the number of pregnant women
over 20 years old registered in primary care,
urbanization degree, the use of pesticides and
the balance of female formal employment.

In Figure 4A and 4B about the local spatial
association between PRBCD and the variable
“pregnant women > 20 years old, registered in
primary care”, it was verified that the determi-
nation coefficients (R?) between the observed
values and the values of the GWR model are
heterogeneous in Parana. The highest posi-
tive coefficients were observed in the cities of

A 2008 - 2011 B

24°6'0"S  22°36'0"S

25°36'0"S

LISA clusters: TMF (999 perm)
[ NS EEAA (BB WNBA WEAB

27°6'0"S

LISA clusters: TMF (999 perm)
[ NS EEAA ['BB [NBA NNAB

the midwest region, and the highest negative
coefficients were observed in the northwestern
and north-central regions (Figure 4A). And the
“t-value’, which indicates the level of adjustment
of each independent variable in the GWR model,
demonstrated that the parameter estimates were
reliable. This analysis shows that the independent
variable influences the PRBCD positively (dark
green areas) in the metropolitan region and in

24°6'0"S  22°36'0"S

25°36'0"S

27°6'0"S

53°30'0"W
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Figure 3 - Maps with the spatial distribution of the prevalence rate of births with CD (PRBCD
and TMF) according to clusters, in Parana, Brazil, 2008 to 2011 (1%'qd) and 2012 to 2015 (2"qd)

Table 1- Results of the analyses of the global regression model (OLS) and the local weighted
regression model (GWR) in relation to dependent variables, in the municipalities of Parana,

Brazil, 2012-2015

50°30'0"W

4000w some municipalities in the western, southeastern,

and midwest regions; and negatively (light green
areas) in municipalities in the northern part of
the northwestern region and northwestern
segment of the north-central region (Figure 4B).

The information generated in the analysis
indicated that in the metropolitan region the

(o] B GWR
T (Est/SE) Minimum Medium Maximum

Estimated SE

registration of pregnant women > 20 years of
age is related to increased occurrence of CD.

Value However, in the northwest and north-central
Interception 715317 57427 124561 349501 747625 114.2936 regions, this variable proved to be protective,
Pregnantwomen >20'  —0.0043  0.0039 -1.1051 -0.1237 -0.0187  0.1399 the PRBCD was reduced.
uD —0.1143  0.0487 -23471 -03734 00776  0.6808 Regarding the association between PRBCD
Employment- fem. 0.0016 0.0078  2.0979 -0.0531 0.0134 0.0851 9 g p L ”
PE 00085  0.0033 25645 —0.0465 00028  0.0420 and the variable “urbanization degree” (UD)
R? adjusted? 0.0497 0.4521 (Figure 4C and 4D), the positive determination
AIC 3592.8 3407.1

coefficients were higher, as well as the positive t

Note: T = test T; SE = standard error; Est= estimate; UD = urbanization degree; Fem = female; PE = Pesticides; AIC =
Akaike's information criteria; ' Pregnant women over 20 years old registered in primary care;? Coefficient of determina-

tion (R?) adjusted.

Six clusters of low-low type were identified in the 1*qd, framing
64 municipalities with low PRBCD, with predominance of munici-
palities in the northwest, north-central and midwest regions. In the
2"qd, four clusters of low-low type were identified, containing 85
municipalities located mostly in the northwest, midwest, north-central,
north-pioneer, eastern-central and southeastern regions (Figure 3).

Two clusters of the high-low type and two of the low-high
type with few municipalities were also detected in 15'qd. In 2"qd,
two clusters of the high-low type were detected, also with a very
small number of municipalities (Figure 3).

Table 1 shows the results of the GWR spatial regression model
(adjusted R? = 0.4521), of greater suitability compared to the
OLS model (adjusted R? = 0.0497), for the analysis of the spatial

values (>1.96) were found predominantly in cit-
ies in the northwest, midwest and north-central
regions, with lower significance in the west
and center-south regions (Figure 4C). This information indicates
the directly proportional relationship between the UD and the
PRBCD, which means that the higher UD, the higher the PRBCD.
Negative coefficients and negative t values (<-1.96) were located
in a few cities in the western region and between the midwest and
center-south regions, where the lowest UD is related to high PRBCD.
As shown in Figures 4E and 4F, small coefficients were found in
the association between PRBCD and the variable “use of pesticides’,
which may indicate the influence of other dependent variables on
local spatial variations. There was significance and positive t-values
(>1.96), with emphasis on regions with high PRBCD and high
consumption of agricultural pesticides, relating the municipalities
of the western, northwestern and midwest regions (Figure 4F).
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Coefficients

T Values
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four clusters of the west and midwest regions,

> 20 years

‘

Pregnant women

-0.12 - -0.06
-0.06 - 0.01

= 0.01-0.07

= 0.07-0.14 < -1.96

-1.96 —1.96 = > 1.96

which indicates the presence in these areas of
high rates of female employment related to
high PRBCD (Figure 4H).

DISCUSSION
In Parand, considering a period of 8 years,

the maximum PRBCD were 145/10,000 LB and
182/10,000 LB respectively, and the medians

Degree of
Urbanization

>

0.37--0.11
-0.11-0.15

m 0.15-0.42

= 0.42-0.68 <196

2

-1.96—1.96 = >1.96

ranged from 78.3 to 78.8/10,000 LB.

The maximum values are close to those of
the municipality of Sdo Paulo (Brazil), which
was 160/10,000 LB®?, but lower than those
of the United States (300/10,000 LB in 2006)
63), Chile (390/10,000 LB in 2010)®* and China
(780/10,000 LB in 2012)©4. In this reading, it is
important to think about the differences in the
calculation of rates, since in none of the studies

Pesticides

(4

-0.05 - -0.01
-0.01-0.01

= 0.01-0.01

= 0.01-0.04 <196

-1.96 —1.96 = > 1.96

were accounted for fetal deaths, as indicated
by the WHO and followed in this research.
Positive spatial autocorrelation according
to PRBCD was significant in the municipalities
and confirmed by Lisa’s analysis, which de-
tected a predominance of high-high clustersin
both periods, in the western and metropolitan
regions, as well as low-low clusters also pre-

dominated in both periods, in the northwest,

Women’s Formal Job
é |

-0.05-0.01
0.01 -0.02

= 0.02-0.03

= 0.03-0.09 <196

=

-1.96 —1.96 = > 1.96

north-central and central-western regions. This
scenario points to the heterogeneity of PRBCD
in Parand, what can be explained by several
factors, such as exposure to teratogenic agents,
maternal age, exposure to pesticides, access
and adherence to prenatal care and reference
hospitals, among others.

Also regarding the heterogeneity of preva-

Note: A and B = "pregnant women > 20 years old”; C and D = “urbanization degree”; D e F = “pesticide use”; G e H: “formal

female employment”.

Figure 4 — Maps with results of the GWR analysis and indication of the determination coefficients
and t values of the relationship between prevalence rate of births with congenital disorders
(PRBCD) and variables, Parana, Brazil, in the period from 2012 to 2015 (2"qd)

The coefficients of negative determination, among the mu-
nicipalities with values of t lower than -1.96, in which there was
low PRBCD regarding the use of pesticides, include all of the
metropolitan region, much of the southeast and part of the
midwest and eastern-central regions. In conclusion, the pre-
dictive variable “pesticides consumption”is associated with the
high PRBCD in the western, northwestern and central-western
regions of the state (Figure 4F).

In the association between PRBCD and the variable “formal
female employment balance’, the highest relative positive deter-
mination coefficients were verified, especially in the municipalities
of the western, central-western, south-western, south-central,
southeastern and in part of the northwestern region (Figure
4GQ). In addition, the positive t values (>1.96) were evidenced in

lence rates found in Parana, the possible un-
derreporting is noteworthy, since the median
rates in some municipalities present much
lower results than those of previous studies.
Authors point out that, despite the devel-
opment and improvement of SINASC over
the years and the inclusion of a block on CD
notification since 1999, there may still be failures characterized
by the non-identification of some types of cardiac CD, such as
late diagnosis or less severe. These are factors for this possible
underreporting: lack of a team prepared to make the diagnosis
or even a neonatologist in the delivery room and professionals
trained to fill the LBG; resistance of parents regarding the regis-
tration of the event in the child’s document, especially in private
institutions; and stage of development of fetal medicine, since
early diagnosis of CD can motivate illegal abortion®®3, Other
factors related to differences in PRBCD values will be discussed
later using spatial regression.

In the GWR multivariate spatial regression model, one of the
predictor variables that was associated with CD birth was“preg-
nant women > 20 years of age registered in primary care’, being
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this the period (from 20 to 34 years of age) of higher fertility and
higher occurrence of births according to a national survey in
2017%7. In Brazil, the monitoring and quality of prenatal care and
childbirth care is currently recognized as an important strategy
to prevent and reduce the risk of mortality, both for pregnant
women and children®7-3®) Thus, the registration of pregnant
women in a timely manner, with guaranteed access to the health
system and adequate monitoring, including the performance of
protocol exams for the detection of diseases and risk stratifica-
tion, with subsequent referral to specific services is pointed out
as essential. These conditions can ensure adequate prenatal and
childbirth facilities®”39.

In the model analyzed, high registration was associated with
high PRBCD, which may be due to the demographic-population
characteristics of the regions. As an example, it is pointed out the
metropolitan region, the most populated in Parana, presenting
in almost all its territory positive determination coefficients. The
fact may also be associated with better and faster diagnoses, in
addition to more effective recording in SINASC of the findings
arising from the diagnosis of CD, which is an explanation associ-
ated with the heterogeneity of the PRBC in the state.

Another predictor variable that was associated with birth
with CD, according to the multivariate spatial regression model
GWR, was the “urbanization degree” (UD). It is noteworthy that
the UD of Parana is 85.3%, considered high, however 91.2% of
its municipalities have less than 20,000 inhabitants"®. In this
aspect, a study conducted with 800,000 Danish children, bornin
the period from 1993 to 2005, associated the autistic spectrum
disorder to the UD, highlighting the greater effectiveness and
availability of diagnosis in urbanized areas*“.

Considering the positive determination coefficients for UD, we
associated our findings with evidence that malformed newborns
living in less populated areas or with lower UD are at risk of having
a late diagnosis compared to newborns living in more densely
populated areas. In these areas of lower UD, there may still be
verbal diagnosis but failures in registration, as pointed by other
studies that also used SINASC data‘3¢.

Considering its diversified territorial dimension, Brazil is still
in industrial growth despite the economic crisis. It is expected,
therefore, that regions will suffer from increasing exposure to risks
to embryonic-fetal health arising from contamination inherent to
industrial activities“".

Another predictor variable that was associated with PRBCD in
the GWR model was“pesticide consumption,” corroborating data
related to economic activity in Parand. Agriculture and ranching
stand out in the economy of Parand as the second sector of oc-
cupation of the population according to IPARDES®“2,

In a Brazilian study, Parana ranked second among the states that
most use pesticides, consuming 135 million liters in 2015, losing
only to Mato Grosso“?. The high consumption of pesticides may
be associated with an increase in CD cases. In this perspective,
in the future, CD may become the main cause of child mortality
in Parang, as occurs in some developed countries.

A survey conducted in Mato Grosso identified four times more
CD among newborns of mothers working in agriculture compared
to mothers working in other activities“?. A case-control study,
developed in the Brazilian northeast, pointed out that the direct

Freire MHS, Barros APMM, Andrade L, Nihei OK, Fontes KB.

orindirect exposure of women to substances present in pesticides
increases the risk of CD“.

Another predictor variable associated with PRBCD in the GWR
model was “formal female employment”. Some epidemiological
studies about this relationship have been developed in order to
evaluate the association between maternal occupational expo-
sure and adverse reproductive outcomes, including increased
occurrence of CD“*7, |n a study conducted in New York City with
female workers exposed to metals, chlorinated hydrocarbons and
other hydrocarbons during the period of organogenesis, at least
five cases of newborns with cardiac disorders were observed“®.

It is also emphasized that the mother who works formally (a
scenario widely current in Brazil), while providing better living
conditions for her child, may be more exposed to various terato-
genic agents in the occupational environment. Despite the lack
of research that elucidates this relationship, considering social,
economic and cultural differences, there is a research of the National
Birth Defects Prevention Study, conducted in the USA in the period
from 1997 to 2011, associating occupational exposure to aromatic
hydrocarbons with higher risk of anencephaly and spina bifida“.

Study limitations

Itis necessary to point out that the main limitation of this research is
the inexistence of worldwide standardization for calculation of PRBCD.
Inthis study, the calculation recommended by the WHO was adopted,
since the number of fetal deaths proven to have occurred due to CD
is considered relevant. Thus, the comparison between rates should
be made with caution. Another limitation is the fact that the research
uses secondary data; even if they belong to good quality databases,
some information may be underreported, leading to biases. And,
finally, it is worth mentioning the unavailability of more recent data for
some indicators, since the information used is from the 2010 Census.

Contributions to the area of nursing, health and public
policies

Knowledge about risk factors for CD can support strategic plan-
ning with political-administrative management tools that impact
on the services of the maternal and child care network, enabling
the assessment of gaps that have persisted and determining child
morbidity and mortality. From this point of view, it is important to
create a reliable monitoring and analysis service of the occurrence
and outcome of CD in the child population, both in Parana and in
other Brazilian states, under recommendation and federal supervision.

Faced with this scenario, the nurse stands out, a professional
who has a large field of action in the area of maternal and child
health, acting in management and in all levels of complexity.
Thus, it is necessary to improve the training and qualification
of these professionals to act in the prevention, treatment and
rehabilitation of children with CD, who suffer from numerous
comorbidities that may affect their lives for many years.

FINAL CONSIDERATIONS

PRBCD has increased, presenting an unequal spatial distribution in
the different regions of Parana. Social, health care, and environmental
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indicators also showed a non-stationary spatial pattern in the analyzed
period. The predictor or dependent variables (“number of pregnant

"o

women>20 years of age registered in primary care’, “urbanization
degree’, “use of pesticides” and “formal female employment”) were
significant to explain the spatial differences of PRBCD in Parana.The

GWR approach was relevant for allowing the identification of both
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positive and negative local spatial influences on prevalence rates,
indicating the complexity of the state under study.

This research partially reveals the public health situation
related to births with congenital anomalies, seeking to raise the
development of an extensive research considering the variables
analyzed as predictors.
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