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Abstract

Objectives: To investigate the association between per capita pesticide consumption and infant mortality rates from CNS
and CVS congenital malformations in microregions in the South and Southeast Region of Brazil. Material and Methods:
An ecological study was conducted using data on pesticide expenditure in 1985 and 1996, and deaths caused by CNS and
CVS malformations in infants under 1 year old in 1986-1990 and 1997-2001, respectively. Per capita pesticide consump-
tion and infant mortality rates were calculated for each microregion. Microregions were grouped according to quintiles of
pesticide consumption, taking the first quintile as reference. The association between pesticide consumption and infant
mortality was examined by calculating Spearman correlation coefficients (r) and mortality rate ratios (RR), stratifying by
gender and type of microregion (urban or rural). Results: Significant and positive correlations between per capita pesticide
consumption and rates of mortality due to CNS and CVS defects were observed in rural but not urban microregions. In
general, mortality RRs for the 2 types of malformations in rural microregions were significantly higher in each quintile
of pesticide consumption compared to the lowest quintile in the 2 study periods, with elevations ranging between 10%
and 30%. Likewise, mortality RRs in these microregions showed significant trends of increase across quintiles of pesticide
consumption in both study periods. In urban areas, however, mortality RRs from both CNS and CVS malformations were
weak and not statistically significant, and a trend of increase of mortality with increasing pesticide usage was not observed.
Conclusions: The results show the relevance of pesticide exposure in rural areas with intense agricultural activity, suggest-
ing that such prenatal exposures may be related with the occurrence of certain congenital defects.
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INTRODUCTION

About 5% of newborn babies worldwide are affected
by birth defects, which contribute significantly to infant
mortality rates across different ethnic groups [1-3]. In
the USA, birth defects are the main cause of infant mor-
tality, being responsible for 20.1% of the total number of
deaths [4]. In Latin America, congenital anomalies are
responsible for 25% of pediatric hospital admissions and
they represent the 3rd cause of mortality among infants
in the 1st year of life [5]. In Brazil, after the decrease of
deaths from infections-related diseases, infant mortality
from congenital defects increased proportionally, going
from the 5th to the 2nd most important cause of infant
mortality [6]. Nevertheless, prevalence of birth defects is
commonly underestimated due to underreporting, which
is particularly high in developing countries [7,§].
Congenital anomalies of the cardiovascular system (CVS)
are the most common type of serious birth defects among
live births [9] and are a major cause of postnatal deaths
from congenital anomalies. The most common subtypes
of CVS malformations include atrial or ventricular septal
defects, transposition of the great vessels, persistent trun-
cus arteriosus, teratology of Fallot, and coarctations [10].
Malformations of the central nervous system (CNS) are
the 2nd most common type of major congenital anomalies.
Most CNS malformations are related to the defects of the
neural tube, which usually fuses 18-26 days after ovula-
tion. Failure of closure of the neural tube may lead to an-
encephaly, encephalocele, spina bifida, or spina bifida oc-
culta. In Brazil, major birth defects represent over 70% of
the total birth defects [8]. Despite the importance of these
malformations, the causes of most cases of CVS and CNS
malformations are not known. Etiologic factors that have
been identified include genetics, maternal illnesses, di-
etary factors, maternal drug exposures, and maternal and
paternal environmental exposures [11-13].

It is well known that the fetus is extremely sensitive to
environmental exposures during certain critical windows

of development [14]. Animal studies have shown that
many pesticides have an impact on production, release,
transport, metabolism, and elimination of hormones that
regulate homeostasis and other developmental process-
es [15], raising concern for possible teratogenic effects
among exposed human populations. Thus, numerous
epidemiological studies have examined the possible asso-
ciation between parental exposures to pesticides and the
occurrence of congenital anomalies [3,16-20]. Regard-
ing CNS malformations, parental exposure to pesticides
was associated with excess of anomalies such as spina bi-
fida, hydrocephaly, and anencephaly in cohort and case-
control studies [17,21-23]. Epidemiological evidence of
a link between parental exposure to pesticides and CVS
is scarcer [24-26)].

Developing countries account for 1/3 of global pesti-
cide consumption. In Latin America, Brazil is current-
ly the most important country in pesticide usage and
the 3rd largest consumer of pesticides in the world [27].
One previous ecological study in Brazil reported a positive
correlation between the state pesticide use in 2000 and
deaths from congenital anomalies in 2001 [28]. The pres-
ent study aimed to explore the association between pes-
ticide consumption and infant mortality caused by CNS
and CVS congenital malformations in microregions of the
South and Southeast Region of Brazil, using the national
information systems.

MATERIAL AND METHODS

Design and study population

An ecological study was conducted to examine the associa-
tion between per capita consumption of pesticides in 1985
and 1996 in microregions of the South and Southeast
Region of Brazil (Figure 1) and rates of infant mortality
due to CNS and CVS congenital malformations in subse-
quent periods, i.e. 1986-1990 and 1997-2001. The study
population included all deaths among infants under 1 year
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of age reported in both periods. Considering that Brazil

Fig. 1. Regions of Brazil

has experienced a steady rise in pesticide use through the
last decades, it was hypothesized that women giving birth
in 1986-1990 and 1997-2001 were exposed to pesticide
levels similar or higher than exposure levels occurring
in 1985 and 1996, respectively.

Data collection

Pesticide consumption

Data on pesticide expenditures in pesticide sales estab-
lishments in the study area in the years 1985 and 1996
were collected from the Agricultural Census, which is
conducted every 10 years by the Brazilian Institute of
Geography and Statistics (IBGE). Per capita consump-
tion of pesticides in 1985 and 1996 was calculated by di-
viding pesticide expenditures (in cruzeiros, Cr$, in 1985
and in reais, R$, in 1996) by the population in each mi-
croregion. Data on the population count of each micro-
region were obtained from the IBGE. The total number
of microregions in the study area was 250 (182 rural
and 68 urban).

[JOMEH 2014;27(3)

Mortality data

Information was collected on all deaths from CNS
and CVS congenital malformations among inf-
ants < 1 year of age registered in the South and South-
east Region of Brazil. This information was obtained
from the Mortality Information System (SIM) of the
Health Information Department of the Unified National
Health System (DATASUS), Ministry of Health [29].
These morbidities have been included in chapter XVII of
the International Classification of Diseases 10 (ICD-10)
of the World Health Organization (WHO) as “congeni-
tal malformations, deformations and chromosomal ab-
normalities” since 1996. For the period 1979-1995, CNS
and CVS malformations are included in Chapter XIV of
ICD-9 as “congenital anomalies”.

Thus, data on infant mortality due to CNS malforma-
tions (items 740-742 in Chapter XIV of ICD-9 and
items Q00-Q07 in Chapter XVII of ICD-10) and CVS
malformations (item 747 in Chapter XIV of ICD-9 and
items Q20-Q28 in Chapter XVII of ICD-10) were ob-
tained for each microregion according to the study period.
Mortality rates for the malformations under study were
estimated by dividing the number of deaths due to the re-
ferred malformations in infants under the age of 1 year
by the total population in this age range per microregion.
The population of infants < 1 year old in the middle of
each study period was obtained from the DATASUS [29].
Rates were expressed in terms of deaths per 1000 live
births per year.

Statistical analysis

Spearman correlation analysis was conducted between
per capita consumption of pesticides and mortality rates
of CNS and CVS malformations in each microregion.
Subsequently, the microregions were grouped into quin-
tiles of per capita pesticide consumption. Mortality rate
ratios (RR) and their corresponding 95% confidence in-
tervals (CI) were computed for each quintile, taking the
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first quintile as reference. Linear trend analysis was per-
formed by using the Chi® test. All analyses were conducted
according to the study period, with no stratification, and
stratified by gender and according to the microregion type
(urban or rural).

For the 1st study period, i.e. 19861990, mortality rates
according to the ICD-9 were examined in relation to per
capita consumption of pesticides in the year 1985, whereas
for the 2nd study period, i.e. 1997-2001, the ICD-10 clas-
sification and the pesticide consumption data in 1996 were

Cr$ 38.48, Cr$ 77.59 and Cr$ 295.93, respectively. In 1996,
the mean value of pesticide consumption in the lowest
quintile was R$ 0.77, and it was R$ 5.05, R$ 14.18, R$ 29.23
and R$ 70.02, respectively, in the following quintiles.

The total number of 29 915 deaths caused by CNS
and CVS malformations among infants < 1 year of age was
registered in the study periods in microregions in the South
and Southeast Region of Brazil. In 1986-1990, 16 004 deaths
were registered, corresponding to 4% of the total mortality
in that age range. In 1997-2001, the number of registered

used. deaths due to the studied malformations was 13 911, which
represented 6.5% of the total number of deaths. Infant
mortality rates per 1000 live births were higher in the 1st
RESULTS

The average of per capita pesticide expenditure in 1985
was Cr$ 64.33 (around R$ 0.02) in urban microregions and
Cr$ 94.58 (R$ 0.03) in rural microregions. Pesticide con-
sumption in 1996 increased up to R$ 11.07 and RS 28.56,
respectively (Table 1). In 1985, the mean per capita con-
sumption of pesticides in the lowest quintile was Cr$ 4.10,
while in 2nd, 3rd, 4th and upper quintiles it was Cr$ 15.90,

study period, and were higher for CVS malformations (Ta-
ble 2). In general, mortality rates for CNS anomalies were
higher in female infants, whereas mortality rates for CVS
were higher among male infants (Table 2).

The analysis of the correlation between per capita pes-
ticide consumption and infant mortality due to CNS
and CVS malformations is shown in Table 3. The correla-
tions for the totality of microregions were weak and not

Table 1. Pesticide expenditure in microregions in the South and Southeast Region of Brazil, 1985 and 1996

Microregion Population Per capita pesticide expenditure
year / category n (n) M min, P20 P40 P60 P80 max

1985¢

urban 68 63188670 64.33 0.06 2.69 11.62 3222 75.18 870.63

rural 182 34354544 94.58 0.41 11.72 28.89 59.15 119.81  1031.46

all microregions 250 97543214 79.95 0.06 8.97 24.03 53.99 108.99  1031.46
1996°

urban 68 58754381 11.07 0.01 0.27 1.78 7.83 16.73 83.13

rural 182 32394353 28.56 0.18 3.76 13.11 25.01 47.32 146.28

all microregions 250 91148734 19.81 0.01 2.10 9.04 20.14 40.37 146.28

“Pesticide expenditure is given in cruzeiros, Cr$ (100 Cr$ = 0.03 R$).
b Pesticide expenditure is given in reais, R$.

M - mean; min. — minimum value; max — maximum value.

P20, P40, P60, P80 — 20th, 40th, 60th and 80th percentiles.
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statistically significant in both study periods and for both
malformations. In rural microregions, positive and statis-
tically significant correlations (p < 0.001) were found for
deaths from CNS malformations in the 1st study period
(Spearman coefficient, r = 0.22) and for deaths from CVS
malformations in the 2nd study period (r = 0.29), both
in boys and girls. In contrast, urban microregions showed
statistically significant negative correlations between
per capita pesticide consumption and female mortality
from CNS anomalies in the Ist study period (r = -0.33,
p = 0.003) and from CVS malformations in the 2nd study
period (r = -0.29, p = 0.008).

When all microregions were analyzed together, mortality
rate ratios (RR) from CNS and CVS defects in quintiles
of per capita consumption of pesticides were, in general,
lower than unity and statistically not significant, taking
as reference the Ist quintile of consumption (Table 4).
However, a significant linear trend of increase of mortal-
ity RRs was observed across quintiles of pesticide usage.
This increasing trend was seen for both malformations
and in the 2 study periods, except for CNS malformations
in 1997-2001, which showed slightly elevated RRs (higher

than unity), but a non-significant linear trend of increase.

When mortality RRs were calculated separately for ur-
ban and rural microregions, results revealed a signifi-
cant trend of increase of mortality due to CNS and CVS
malformations in the rural area according to quintiles
of consumption in both study periods (Table 5). In
general, RRs in rural microregions were higher than
unity and elevations in ratios ranged between 10%
and 30%. These elevations were particularly higher
for CNS malformations in 1986-1990 (e.g. RR = 1.29,
95% CI: 1.12-1.49 in the 4th quintile compared to the
Ist quintile of pesticide use), and for CVS malformations
in 1997-2001 (e.g. RR = 1.22, 95% CI: 1.10-1.35 in the
3rd quintile). In urban microregions, mortality RRs for
both CNS and CVS malformations were in general weak
and not statistically significant in the 2 study periods, and
a trend of increase of mortality with increasing pesticide
consumption was not observed.

The trend of increase of RR described for rural micro-
regions in the 1st study period remained statistically
significant for male and female mortality due to CNS
malformations, and for female mortality caused by CVS
malformations (Table 6). In this period, RRs were particu-
larly higher for males and CNS defects (RR = 1.34, 95%
CIL: 1.08-1.66, in the upper quintile) and for females

Table 4. Infant mortality from CNS and CVS malformations in microregions in the South and Southeast Region of Brazil, according

to quintiles of per capita consumption and the study period

- 1986-1990 1997-2001
P ecslgii‘tii?e‘fe CNS Cvs CNS cvs

n RR(%C) n  RR(%C) n  RR(O5%C)  n  RR(95%CI)
1 2701 1 6002 1 2540 1 5668 1
2 685 082(0.76-089) 1485 080(0.76-089) 542 102(093-112) 1026  0.87 (0.81-0.93)
3 592 0.84(0.77-091) 1426 091(0.86-096) 529  1.05(0.96-1.12) 1011  0.90 (0.84-0.9)
4 80 093(085-1.02) 1237 090 (0.84-095) 499  1.06(0.96-1.16) 1024 097 (0.91-1.04)
5 42 091(082-101) 907  090(084-097) 368 105(094-117) 725 093 (0.86-1.00)
p for trend 0.003 < 0,001 0.143 0.009

n - number of infant deaths; RR - rate ratio; CI - confidence interval. Other abbreviations as in Table 3.

[JOMEH 2014;27(3) 419
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Table 5. Infant mortality from CNS and CVS malformations in microregions in the South and Southeast Region of Brazil
in 1986-1990 and 1997-2001, according to quintiles of per capita pesticide consumption, stratified by the type of microregion

CNS
Period (RR (93% CI) (RR (95% CT))
urban rural urban rural

1986-1990: pesticide use quintiles 1985

1 1 1 1 1

2 0.92 (0.83-1.02) 0.90 (0.77-1.06) 0.86 (0.80-0.92) 1.05 (0.95-1.16)

3 0.92 (0.83-1.02) 1.02 (0.88-1.18) 0.88 (0.82-0.95) 1.07 (0.97-1.18)

4 0.80 (0.69-0.93) 1.29 (1.12-1.47) 0.78 (0.71-0.87) 1.19 (1.08-1.30)

5 0.87 (0.74-1.02) 1.18 (1.01-1.37) 1.00 (0.90-1.11) 1.10 (0.99-1.21)

p for trend < 0.001 < 0.001 0.106 0.004
1997-2001: pesticide use quintiles 1996

1 1 1 1 1

2 1.01 (0.92-1.10) 0.97 (0.82-1.14) 0.96 (0.91-1.02) 0.89 (0.78-1.00)

3 1.16 (1.01-1.33) 1.12 (0.97-1.29) 0.98 (0.88-1.08) 1.22 (1.10-1.35)

4 1.11 (0.95-1.28) 1.14 (0.98-1.34) 0.91 (0.82-1.01) 1.16 (1.03-1.30)

5 1.03 (0.88-1.21) 1.12 (0.96-1.31) 0.99 (0.89-1.10) 1.15 (1.03-1.29)

p for trend 0.123 0.037 0.218 < 0.001

Abbreviations as in Table 3.

and CVS defects (RR = 1.39, 95% CI: 1.21-1.60,
in the 4th quintile). Regarding the 2nd period, the in-
creasing trend of mortality across pesticide use quintiles
in rural microregions was statistically significant for CNS
malformations among boys and for mortality due to CVS
defects in both sexes. In this period, mortality RRs were
particularly high among boys born in microregions in the
2nd quintile of pesticide consumption, i.e. RR = 1.28
(95% CI: 1.04-1.59) and RR = 1.30 (95% CI: 1.13-1.50)
for CNS and CVS malformations, respectively.

DISCUSSION

The worldwide decrease of deaths from infectious-related
diseases has led to a proportional increase in infant mor-
tality from congenital defects in the last decades. In Brazil,
such an increase in mortality from birth defects has occurred
in parallel with a pronounced rise in pesticide consump-
tion. Between 1988 and 1999, pesticide use in the country

[JOMEH 2014;27(3)

increased by 53%, and in 2008, Brazil overtook USA as the
largest consumer of pesticides [30]. To test the hypothesis
of a relationship between pesticide use and occurrence
of CNS and CVS congenital malformations in Brazil, we
conducted an ecological study in the South Region and in
the Southeast Region of the country, which constitute the
most developed area of Brazil and thus underreporting of
birth defects in this area is expected to be lower than in the
North, Northeast and Central-West Regions.

The findings showed that per capita consumption of pesti-
cides in rural microregions in 1985 and 1996 was positively
correlated with infant mortality rates related with CNS mal-
formations in 1986-1990 and CVS anomalies in 1997-2001,
respectively, whereas in urban microregions these correla-
tions were only observed among girls. Likewise, the risk of
mortality due to the 2 types of congenital defects showed
a significant trend of increase with increasing per capita con-
sumption of pesticides in rural microregions, in the 2 stu-
dy periods. Such an increase in mortality rates was not
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observed in urban microregions, suggesting that pesticide
exposure may play an important role in the geographical
distribution of mortality from congenital malformations
only in rural areas. In urban environments, other risk fac-
tors of birth defects may prevail, including exposure to
other environmental chemicals such as pesticides different
than those used in field crops or rural activities.

The relationship observed in the rural microregions is of
particular concern taking into account that, although ag-
ricultural workers in the South and Southeast Region of
Brazil might have a higher risk perception from pesticide
exposure [31,32] compared to other regions, it has been
shown that knowledge and awareness of pesticide risks do
not always lead to safety practices among Brazilian farm-
ers [33,34]. Moreover, lower pesticide risk perception has
been shown among women in agricultural population in
Brazil [20,34], which may lead to a higher pesticide expo-
sure even during pregnancy.

The main crops that are grown in the region under study
are: sugar cane, coffee, soybean, corn, cotton, rice, wheat,
orange, black beans and potato. Between the decades
of 1980s and 1990s, the production of soybean increased
greatly in the South and Southeast Region of the coun-
try, rising the amount of insecticides used in field crops.
Through the decade of 1990s, the use of organophosphate
pesticides, such as herbicide glyphosate (largely used in
soybean crops) and insecticides methamidophos, acephate
and carbendazim, underwent an appreciable increase in the
study area. Pyrethroids insecticides such as cypermethrin
were also introduced in Brazil during the 1990s. Exposure
to different types of pesticides through the years under the
study may explain some of the differences observed be-
tween the study periods, e.g. the association with pesticide
use in the first period seemed to be stronger for CNS mal-
formations, while the associations were stronger for CVS
defects in the 2nd one. More detailed information about
the specific types of pesticides used in individual microre-
gions would provide a further insight into this relationship.
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According to our knowledge, previous ecological stud-
ies found associations between pesticide use and CVS
and/or CNS congenital malformations. In the USA, the
occurrence of circulatory/respiratory malformations in
high-wheat counties, an indicator of chlorophenoxy herbi-
cide exposure, was significantly higher compared to low-
wheat counties [35]. In addition, there was a stronger effect
noted for infants conceived in spring, when pesticides were
typically applied. A study also conducted in the USA re-
ported higher rates of several birth defects, including spina
bifida and CVS malformations, in infants conceived in the
months with highest surface water concentrations of pesti-
cides such as atrazine [4].

Regarding individual-level epidemiological studies, a case-
control study in California found that women occupation-
ally exposed to pesticides during pregnancy presented an
increased risk of having a baby with a neural tube defect,
among other anomalies [36]. The same research team
reported that maternal residential proximity to areas of
application of several specific pesticides during early ges-
tation increased the risk of neural tube defects [23]. Anen-
cephaly or spina bifida subtypes were also associated with
exposure to different pesticides [23]. Women’s pesticide
exposures through household gardening, professional ap-
plication or living in close proximity to agricultural crops
were associated with increased risks of their offspring hav-
ing neural tube defects and limb anomalies [36].

In Texas, Mexican women who reported using pesticides
in their homes were 2 times more likely to have a live birth
with spina bifida or anencephaly than non-exposed wom-
en [17]. Women with a neural tube defect-affected baby
were also more likely to report living in the proximity to
cultivated fields than control women [17]. Another study
among Mexican women reported that working in agricul-
ture around the time of conception was associated with
a greater risk of anencephaly in the offspring [22]. More
recently, a positive association has been found between
placental concentrations of different organochlorine
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pesticides and increased risk of spina bifida or anence-
phaly [37].

Although CVS malformations are among the most com-
mon severe birth defects, epidemiological evidence of
a link with pesticide exposure is limited. Thus, associa-
tions were noted between exposure to herbicide atrazine
and excess of CVS defects [25], and between pesticide use
and patent ductus/coarctation of the aorta [26]. Maternal
exposure to domestic pesticides during the 1st trimester of
pregnancy was associated with transposition of the great
arteries in the offspring, particularly for exposure to her-
bicides and rodenticides [24].

Several other epidemiological studies also reported as-
sociations between pesticide exposure and a variety of
congenital anomalies, particularly in the offspring of agri-
cultural workers, in infants born to women living in the
proximity of pesticide application areas or in babies
conceived in a particular season [3,16-18,20,22,23,36].
In Brazil, one study found a greater risk of congenital de-
fects in births to parents exposed to pesticides at work or
due to proximity to an application area [20].

The concerns about fetal exposures to environmental haz-
ards come from increasing understanding that the fetus
is extremely sensitive during certain critical windows of
development, and windows of sensitivity exist for many
systems, such as the respiratory, immune, reproductive,
nervous, cardiovascular, and endocrine systems [14]. Sev-
eral animal studies have shown that numerous pesticide
compounds may exert teratogenic effects, leading to re-
productive outcomes such as congenital defects. In rela-
tion with the malformations under the study, some types
of fungicides and insecticides have been shown to inhibit
neuroepithelial cell development and neural tissue differ-
entiation during neurulation [38-40], while some types of
herbicides may induce teratogenic effects including ven-
tricular septal defects among laboratory animals [41,42].
However, epidemiological evidence reported to date cor-
roborating the link between prenatal pesticide exposure

and risk of CNS, CVS and other birth defects is limit-
ed [11,13]. Overall, further individual-level epidemiologi-
cal studies are needed examining this relationship. Future
studies should address specific questions related with: par-
ticular windows of susceptibility for the developing fetus;
specific pesticides that increase the risk; dose-response re-
lationships, as suggested by Rull et al. (2006) [23]; gender
differences; and genetic susceptibility.

Besides pesticide exposure, there are several known risk
factors for CNS and CVS malformations. In the present
study, data were obtained from the national mortality in-
formation system, which does not register individual data
on the socioeconomic, health or lifestyle factors such as
education, cigarette smoking, alcohol and drug consump-
tion, health history, pregnancy illnesses, and vitamins in-
take. The lack of information on these potential risk fac-
tors represents a limitation of this study since it could have
produced biased risk estimates.

The mortality data in our study are another potential source
of bias. Birth defects are typically underreported when us-
ing birth certificates, in part because not all defects are ap-
parent at birth, and because birth defects are not always ac-
tively assessed in the 1st year of life, which is the best meth-
od for fully ascertaining congenital malformations [43].
In Brazil, many deaths from congenital defects in the
Ist year of life are considered as labor complications, not
being registered as congenital malformations. A study ex-
amining the quality of notification of congenital malforma-
tions in the city of Campinas (Sao Paulo state, Southeast
Brazil), based on the SINASC (Live Births National Infor-
mation System), observed underreporting of 46.8% for all
congenital defects and 36.4% for major birth defects [§].
Studies in the city of Rio de Janeiro (Southeast Brazil) also
showed underreporting of birth defects from birth certifi-
cates based on the SINASC [7,44]. Considering that under-
reporting in rural areas may be higher than in urban areas,
mortality ratios in this study might have been underestimat-
ed rather than overestimated.
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On the other hand, using mortality data to investigate the
association with pesticide exposure could have also led
to underestimated risks in the present study, since many
congenital malformations do not lead to death, such as
certain cases of spina bifida or transposition of the great
arteries, which can undergo surgical treatments at spe-
cialized centers. Nevertheless, a high proportion of cases
of CNS defects and most cases of CVS malformations
are severe and incompatible with life. Taking into ac-
count that a high proportion of the Brazilian population
does not live in economic conditions sufficient to access
specialized health centers, mortality data may provide
a good measure of the occurrence of these types of mal-
formations, particularly for CVS defects, which are a ma-
jor cause of postnatal deaths from congenital anomalies.
In addition, it is noteworthy to mention that access to
health care in Brazil is quite unequal, being lower in ru-
ral populations. Consequently, mortality due to congeni-
tal malformations in rural areas is very likely to be higher
than in urban areas. This fact could have contributed to
increase the estimated rate ratios observed in rural mi-
croregions compared to the urban ones.

An additional potential source of bias in this study is ex-
posure misclassification since women getting pregnant
through the 1st study period (e.g. 1986-1990) may have
experienced different exposure levels. Nevertheless, as-
suming that pesticide use increased steadily through the
study periods, exposure levels might have also increased
from 1985 to 1990 and from 1996 to 2001. Thus, if ex-
posure levels were higher than those used in this study,
i.e. the sales in 1985 and 1996, mortality risk ratios (RR)
might have been underestimated rather than overestima-
ted. Finally, data on pesticide “consumption” may also be
biased for 2 reasons: first, sales establishments’ employers
could have misreported information on pesticide expen-
diture; second, because there is a strong illegal market of
pesticides in Brazil due to the lack of control by competent
authorities [45].
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CONCLUSIONS

Birth defects have an important public health impact in de-
veloping countries. In Brazil, the proportion of birth defects
in infant mortality, previously obscured by infectious diseases,
assumed great relevance with the epidemiologic transition.
A causal link between pesticide exposure and CNS and CVS
birth defects is plausible, but not proven by this ecological
study. Nevertheless, findings from the present study suggest
that pesticide exposure is related with the occurrence of CNS
and CVS congenital malformations in rural areas in the South
and Southeast Region of Brazil with intense agricultural activ-
ity. However, since underreporting of congenital malforma-
tions is common and might be particularly relevant in rural
areas, these findings should be interpreted with caution.
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