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BACKGROUND: Latin America and the Caribbean (LAC) are regions with intense pesticide use. Numerous studies have demonstrated the adverse
health effects associated with pesticide exposure. The embryonic and fetal periods are particularly susceptible to xenobiotics, with pesticides exhibit-
ing potentially teratogenic effects.

OBJECTIVES: The objective was to review the scientific literature on outcomes associated with prenatal pesticide exposure, identifying challenges and
gaps in this field.

METHODS: We conducted a scoping review using terms related to pesticides, LAC, and pregnancy across six databases. The final search was con-
ducted on 5 March 2024. The inclusion criteria for the studies were as follows: a) being human observational studies involving pregnant women of
any age or gestational age duration, newborns from these pregnancies, or both; b) reporting any exposure to pesticide and any adverse outcome;
¢) having been conducted in any country of LAC; d) having been published between 1 January 2000 and 5 March 2024; ¢) having the full text avail-
able in English, Spanish, or Portuguese; and f) presenting original results. Nonoriginal research papers, such as qualitative studies, reviews, critical
analyses, and opinion papers, were excluded. The included studies were categorized and presented based on the outcomes they evaluated.

REsuLTS: We included 80 studies conducted in 13 countries; the included studies encompassed obstetric outcomes, anthropometric parameters, con-
genital anomalies, neurodevelopment, respiratory infections, and childhood leukemia, as well as molecular effects. Organochlorines were the primary
type of exposure investigated among the included studies. Many studies relied on indirect measures of pesticide exposure.

DiscussioN: Adverse outcomes associated with prenatal pesticide exposure have been observed in Latin American and Caribbean populations, con-
sistent with the global literature. Significant knowledge gaps remain, especially regarding groups of pesticides other than organochlorines. Less than
half of the countries in LAC have conducted any study on the potential effects of prenatal exposure. Ongoing research into the risks of prenatal expo-
sure is imperative. It is essential to consider the region’s unique characteristics, particularly when investigating the risks associated with pesticides

authorized exclusively in this region. https://doi.org/10.1289/JHP1043

Introduction

Latin America and the Caribbean (LAC) are home to 660 million
inhabitants and encompass a land surface of 2 billion hectares, of
which 38% is dedicated to agriculture.!? The countries within
LAC are major exporters of soybeans, pork, corn, poultry, animal
feed, sugar, coffee, fruits, and vegetables.? Brazil, Argentina, and
Mexico are this region’s largest agricultural and food exporters.?
Substantial agricultural growth has been observed over the past
five decades.? Most of this growth has resulted from productivity
improvements rather than expanding the agricultural land under
cultivation.* At the same time, there has been an increase in the
production and use of pesticides over the last two decades.*% A
pesticide is defined as any substance, mixture of substances, or
microorganisms intended for repelling, destroying, or controlling
any pest.” This includes vectors of human or animal disease and
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unwanted species of plants or animals that cause harm or other-
wise interfere with the production, processing, storage, transport,
or marketing of food, agricultural commodities, wood, and wood
products or animal feed.

Since the 1960s, the scientific community has closely examined
the environmental impact of pesticides. Evidence has shown that
pesticides can persist in soil and water, accumulate in invertebrate
and vertebrate tissues, traverse food chains, and impact apex preda-
tors.® An extensive body of literature examines the link between
pesticide exposure and detrimental effects on human health, includ-
ing type 2 diabetes,” neurological disorders,'® cancer,'"!? respira-
tory diseases,'? and allergies.'* Given the teratogenic potential of
xenobiotics for pregnant women, the impact of pesticides on this
population has received considerable attention. Pesticide exposure
during pregnancy has been associated with an increased risk of
childhood leukemia.'> In addition, potential links to clinical mani-
festations of autism spectrum disorder have been explored,'®
whereas findings regarding association with obesity remain incon-
clusive.!” Furthermore, there is a lack of consistency among the
studies evaluating the association between maternal pesticide ex-
posure and obstetric and neonatal outcomes.!®!® Moreover, a
substantial number of studies assess the effects of prenatal pesti-
cide exposure on congenital anomalies.??-3?

A recent scoping review investigated the current state of
research on the health effects of pesticide exposure in populations
from LAC.?® That review underscored the potential health
impacts of pesticide exposure, gathering findings pertaining to
genotoxicity, neurobehavioral effects, cancer risks, reproduction,
placental outcomes and teratogenicity, birth and child outcomes,
and other effects. Moreover, it delineated significant methodolog-
ical limitations within the scientific output on this subject. To
address these limitations and research gaps within LAC, the
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authors advocated for increased investment in research and devel-
opment, collaborative initiatives within the region, and enhanced
methodological rigor in epidemiological studies. The aforemen-
tioned review has provided a comprehensive depiction of the
research landscape, showing substantial heterogeneity among the
included studies concerning exposure and outcomes. Considering
the susceptibility of embryo and fetus development to xenobiotic
agents throughout gestation and the adverse effects that exposure
can induce, we conducted a scoping review further focused on
prenatal pesticide exposure and adverse outcomes. In addition,
our review expands the search to six databases, including one
dedicated to studies specific to the LAC region, and extends the
time frame to encompass publications on the theme over more
than the last two decades. Our aim is to identify the main chal-
lenges and research gaps in pregnancy-related pesticide exposure
and outcomes within LAC and offer insights for future studies.

Methods

The present study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR).3* A protocol was
prepared prior to the identification step and this protocol has been
registered within the Open Science Framework.3>

The selection of terms for the search strategy was based on
the Population, Concept, and Context (PCC) framework,® and
this search strategy was expanded to include related terms
according to the Medical Subject Headings (MeSH) terms. The
search strategy protocol, including all selected keywords and
index terms, was adapted for each database or information source
(see “Search Terms,” in the Supplemental Material). The devel-
opment of the full search strategy protocol was facilitated by the
assistance of a research librarian.

The following databases were searched to identify potentially
relevant studies: Embase, PubMed, Scielo, Scopus, Virtual
Health Library, and Web of Science. The first search was con-
ducted on 14 November 2022. The final search was conducted on
5 March 2024. The inclusion criteria for the studies were as fol-
lows: a) being human observational studies involving pregnant
women of any age or gestational age duration, newborns from
these pregnancies, or both (population); b) reporting any expo-
sure to pesticide and any adverse outcome (concept); c¢) having
been conducted in any country of LAC (context), as the grouping
of countries presented by the OECD-FAO document?; d) having
been published between 1 January 2000, and 5 March 2024; ¢)
having the full text available in English, Spanish, or Portuguese;
and f) presenting original results. Nonoriginal research papers,
such as qualitative studies, reviews, critical analyses, and opinion
papers, were excluded. To capture the scientific literature con-
cerning prenatal exposure to pesticides and its associated adverse
outcomes, articles that did not gather data on exposure measured
within the context of pregnancy were excluded. This decision
was made because the target population of the study should con-
sist of pregnant women, their newborns, or both. In addition,
articles that did not directly assess adverse outcomes, such as
those focusing on enzyme activity levels, were excluded.

Allidentified articles were collected and uploaded to Rayyan,*’
a web application that provides tools for conducting the initial
screening of abstracts and titles during the article selection process.
We used Rayyan’s tool to identify duplicate articles and then man-
ually reviewed each possible duplicate identified, excluding those
articles that were duplicate records. Subsequently, we conducted a
test of titles and abstracts screening 20 articles, followed by a dis-
cussion to ensure consistent understanding of relevance among the
reviewers. Finally, we screened the titles and abstracts of all
articles. Each article was screened by two reviewers. Relevant
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studies were imported into Mendeley.?® The full text of each
selected paper was then thoroughly assessed by the independent
reviewers to further ensure compliance with the study’s inclusion
criteria. Finally, the reviewers recorded the reasons why the
excluded papers did not meet inclusion criteria.

Data extraction from the selected studies was performed by
two independent reviewers using a standardized spreadsheet that
included specific details about each study’s participants, concept,
context, methods, and key findings relevant to the present study’s
review questions. Disagreements between the reviewers at any
stage of the selection process or data extraction were resolved by
an additional reviewer or discussions between reviewers.

The selected studies were organized into tables based on their
outcomes and included descriptions of the author’s name, year,
exposure, outcomes, and key findings. In each table, studies were
grouped by country of origin, with studies within each group pre-
sented chronologically by of year of publication. Finally, a narra-
tive summary was performed.

Results

The search across the six databases yielded 1,765 records in the
first search and an additional 165 records were returned in the
final search, resulting in a total of 1,930 records. After removing
duplicates, 1,021 articles were then screened by examining titles
and abstracts (see the screening step in Figure 1). From this
screening, 853 articles were excluded, and we kept 168 articles
for further analysis. In the next step, the full-text assessment, 88
more articles were excluded, resulting in 80 human studies being
included in this scoping review.

We identified studies from 13 distinct countries: Mexico (n = 26),
Brazil (n = 14), Guadeloupe (n =13), Argentina (n =6), Costa Rica
(n="T7), Ecuador (n=4), Puerto Rico (n=2), Colombia (n=2),
Chile (n=2), Bolivia (n=1), Paraguay (n=1), Peru (n=1), and
Guatemala (n = 1) (Figure 2A). It is worth noting that we identified
several articles originating from the same study population.
Notably, the Costa Rican Childhood Leukemia Study (CRCLS)
contributed 2 articles.’**° Similarly, The Infants’ Environmental
Health (ISA) study from Costa Rica gave rise to 5 articles.*!™*
The EcoSalud Project in Ecuador produced 2 articles,*®*” and
there was a pilot study and a subsequently another study conducted
in the town of Tabacundo, Ecuador, resulting in 2 articles.*34°
Among the articles from Brazil, 2 evaluated data from the Multi-
institutional Study of Infant Leukemia.’®>! In addition, we
included 13 articles that originated from data analysis of the pro-
spective mother—child cohort TIMOUN study conducted in
Guadeloupe.>>~%* In the case of Mexico, several groups of articles
originated from the same study: Seven articles came from the pro-
spective perinatal cohort study in the State of Morelos,®~"! 3
articles came from the Early Life Exposures in Mexico to
Environmental Toxicants (ELEMENT) study,’?>~’* and another 3
articles originated from the study conducted in Tapachula, State of
Chiapas.”>~77 The predominant study designs among the articles
included were cohort (n=37, 46.2%), cross-sectional (n=18,
22.5%), and case—control (n =17, 21.2%) (Figure 2B). Most stud-
ies evaluated pesticide exposure directly using levels measured in
biological samples, with maternal blood (n=19, 23.7%), cord
blood (n=13, 16.2%) and maternal urine (n=10, 12.5%) being
the most common biological matrixes (Figure 2C). A notable por-
tion of studies indirectly assessed pesticide exposure through
questionnaires (n=27, 33.8%), surveying the participants about
proximity of residences to pesticide applications sites, occupa-
tional exposure, or domestic use. The articles were categorized
into five groups based on their respective outcomes: a) adverse
obstetric outcomes (n=20, 25.0%), b) congenital anomalies
(n=21,26.3%), c) anthropometric measures and sex ratio (n =18,
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Figure 1. Flow diagram of the study selection process. Note: Embase, Excerpta Medica Database; Scielo, Scientific Electronic Library Online; VHL, Virtual

Health Library; WoS, Web of Science.

22.5%), d) neurodevelopment and other outcomes throughout
childhood (n =29, 36.3%), and ¢) molecular effects (n=6, 7.5%)
(Figure 2D). We provide a summary of the findings from these
articles in the subsequent sections, organized based on these out-
come categories.

Obstetric Outcomes

Twenty studies explored the association between prenatal pesti-
cide exposure and obstetric outcomes (Table 1). These studies
include three sets of outcomes: premature birth, intrauterine
growth restriction, and spontaneous abortion.

Premature birth. Thirteen studies examined the impact of pes-
ticide exposure on preterm birth and gestational length. Among
these, 6 did not yield statistically significant findings.*4-7%-80-82.88.93
The study by Wendel de Joode et al.** found no association
between 3,5,6-trichloro-2-pyridinol (TCPY), 3-(2,2-dichloro-
vinyl)-2,2-dimethylcyclopropanecarboxylic acid (DCCA), 3-phe-
noxybenzoic acid (3-PBA), 2,4-dichlorophenoxyacetic acid (2,4-
D), ethylenethiourea (ETU), hydroxy pyrimethanil (OHP), and
length of gestation, even when stratifying levels in the first and sec-
ond half of gestation. In the study by Rodriguez et al.,%° a similar
average gestational age at birth was observed when comparing
pregnant women from urban and rural regions. However, differen-
ces in the concentration levels of chlorpyrifos were observed
between the two groups. In the study by Souza et al.,”® the average
gestational age at birth in an Argentinian region of intense use of
pesticides decreased by 2 wk during the spraying period. An eco-
logical study with data from the Brazilian Live Birth Information
System (SINASC) showed that regions with higher levels of per
capita pesticide consumption presented a higher prevalence of
births before 22 wk of gestation (p < 0.001).8% A similar approach
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showed that the prevalence ratio (PR) of prematurity was associ-
ated with per capita fungicide [PR = 1.23; 95% confidence interval
(CI): 1.19, 1.28], acaricide (PR =1.08; 95% CI: 1.05, 1.12), herbi-
cide (PR=1.24; 95% CI: 1.20, 1.28), and insecticide (PR =1.25;
95% CI: 1.21, 1.30) use.®* Other studies have examined the effects
of specific pesticides on premature birth. In the TIMOUN Mother—
Child Cohort Study conducted in Guadeloupe, a 1-log,, increase in
chlordecone concentration was significantly associated with a
reduction in the length of gestation (—0.27 wk; 95% CI: —0.50,
—0.03) and risk of preterm birth [hazardratio (HR) = 1.6%; 95%
CI: 1.1, 2.3].>2 Arrebola et al®' found a negative association
between 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p’-DDE)
but not its metabolite 2,2-(2-chlorophenyl-4’-chlorophenyl)-1,1-
dichloroethene (o,p’-DDE) and gestation length (p = — 0.004; 95%
CI: —0.008, —0.001). Based on urine samples collected at ~26 wk
of gestation, Silver et al.** reported that prenatal exposure to glypho-
sate (OR =1.45; 95% CI: 1.00, 2.10) or aminomethylphosphonic
acid (AMPA) (OR =1.88;95% CI: 1.35, 2.62) were associated with
spontaneous preterm birth.

Intrauterine growth restriction. Evaluating data from 26
Brazilian states, Siqueira et al.3% showed an association between
pesticide use and risk of low birth weight (f=0.26, p 0.045).
Using national Brazilian data, Mendonca Guimardes et al.*
observed higher PRs of low birth weight in the higher tertiles of
fungicide (PR=1.14; 95% CI: 1.10, 1.17), acaricide (PR =1.07;
95% CI: 1.03, 1.10), herbicide (PR=1.15; 95% CI: 1.12, 1.19),
and insecticide (PR=1.14; 95% CI: 1.11, 1.18) consumption.
However, Cremonese et al.3* reported null findings in a similar
study that was limited to only three southern Brazilian states.
Levario-Carrillo et al.,?® using data from Mexico, reported a sig-
nificant association between prenatal exposure to pesticides and
the presence of intrauterine growth restriction (IUGR) (OR =2.3;
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Figure 2. Characteristics of human observational studies assessing prenatal exposure to pesticides and adverse outcomes. Number of studies by (A) LAC coun-
try, (B) study design, (C) approaches employed to measure exposure, and (D) number of studies in each outcome category. Note that a study may be classified

into multiple outcome categories.

95% CI: 1.0, 5.3). In Mexico, the study by Acosta-Maldonado
et al,”' which analyzed placentas, identified an association
between pesticide exposure and morphometric parameters of pla-
cental maturity, which, in turn, is linked to birth weight. Cecchi
et al.”? studied the outcomes of pregnant women in Argentina
based on their residential proximity to fruit croplands with
intense pesticide applications. The study did not identify any
urban/rural differences in the rates of IUGR or newborns classi-
fied as small for gestational age (SGA). In another study, prenatal
exposure to p,p’-DDE was not associated with higher risk for
SGA.*?

Spontaneous abortion. We identified seven studies evaluating
exposure to pesticides and spontaneous abortion. DDT exposure
was not related to spontaneous abortion among workers of the
malaria control program in Mexico.”® A rate of spontaneous
abortion 8.5 times higher (95% CI: 6.72, 10.65) than average was

Journal of Health and Pollution

016001-4

observed in an agricultural area in Chile than at the national level;
besides that, there were statistically higher rates of agricultural
workers among women with spontaneous abortion than among
all women from the same agricultural area.®® Braga et al.®
observed higher rates of fetal death in regions with high agricul-
tural production compared with regions with low agricultural pro-
duction in the state of Sdao Paulo, Brazil. In Ecuador, Handal and
Harlow reported a significant association between maternal
employment in the flower industry within the past 6 y and an
increased likelihood of reporting a history of spontaneous abor-
tion (OR =2.6; 95% CI: 1.03, 6.73).*” Conversely, in the study
from Blanco-Muiioz et al.’? in Mexico, pregnant women who
have worked as a floriculturist during the period of 3 months
before pregnancy to 5 months into gestation did not have an
increased risk of miscarriage compared with pregnant women
who did not work as a floriculturist during the same period.
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Another study found a significantly higher risk of threatened mis-
carriage, defined as a pregnancy-related bloody vaginal discharge
or frank bleeding during the first half of pregnancy without cer-
vical dilation, among Argentinian women living in close prox-
imity to areas with intensive pesticide application compared
with those in urban areas (3% vs. 0.3%, p <0.05).7° However,
that study found no significant differences in terms of miscar-
riages or fetal death. In a quasi-experimental study performed
with data from Colombia, it was shown that exposure to aerial
sprayed glyphosate in the months preceding miscarriage had a
strong and statistically significant association with the reported
miscarriage (=0.118, p <0.01).87

Congenital Anomalies

A total of 21 studies examining the potential association between
prenatal pesticide exposure and congenital anomalies were
included in the present review (Table 2). Among these studies,
11 had the primary objective of evaluating congenital anomalies
in general, whereas the remaining 10 focused on specific groups
of anomalies.

In the ecological study from Mendonca Guimardes et al.3* using
Brazilian data, the total pesticides and herbicides per capita con-
sumption were correlated with the prevalence of congenital anoma-
lies at birth. Moreover, when comparing the highest tertile of per
capita pesticide consumption with the lowest tertile, higher PRs of
congenital anomalies were observed in the highest tertile for fungi-
cides (PR =1.33; 95% CI: 1.28, 1.38), acaricides (PR =1.25; 95%
CI: 1.20, 1.30), insecticides (PR =1.38; 95% CI: 1.33, 1.43), and
herbicides (PR =1.38; 95% CI: 1.33, 1.43). In another Brazilian
study context, Siqueira et al.®? found that the ratio of pesticide use
by cultivated area was not associated with the frequency of total
congenital abnormalities at birth. In the ecological study by Braga
et al.,% an increase in the incidence of congenital anomalies among
live births was observed over time. However, a pattern of higher
incidence of congenital anomalies in regions with higher pesticide
use, compared with regions with lower use, was not identified. On
the other hand, a study by Tipiana et al.''? in Peru found that women
who reported going to sprayed fields (OR =3.82; 95% CI: 1.92,
7.60), living near sprayed fields (OR =3.07; 95% CI: 1.59, 5.92),
and having a partner who works in sprayed fields (OR =2.40; 95%
CI: 1.21, 4.78) showed an increased risk of having a newborn with
congenital anomalies compared with women who did not report
these exposures. Similarly, Peruvian women who had direct expo-
sure to pesticides during pregnancy presented a significantly
increased risk of having a newborn with congenital anomalies com-
pared with those who did not have such exposure (OR =4.51; 95%
CIL: 1.77, 11.46).'9° Another study reported a higher proportion of
parental exposure to pesticides and a higher proportion of maternal
residence around fumigated crops among newborns with congenital
anomalies than in newborns from the control group.!?! Salazar-
Garcfa et al.”® showed an association between DDE levels from
fathers and the risk of congenital anomalies (OR =3.76; 95% CI:
1.24, 11.44 for the highest quartile). One study conducted in Brazil
investigated parental residence and occupation, whereas another
study in Guadeloupe assessed maternal and cord blood chlordecone
levels in relation to congenital anomalies, but neither study found an
association.’®¢ Similarly, a case—control study from Argentina
identified no difference in quantified pesticide levels from blood
samples between mothers of newborns with congenital anomalies
and mothers of control newborns.”

Dutra and Ferreira used data from a Brazilian state to com-
pare the prevalence of different groups of congenital anomalies
between a region with low pesticide use and another region with
high pesticide use.?® They found that the prevalence of cleft lip
and palate (OR =1.64; 95% CI: 1.27, 2.12), circulatory system
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anomalies (OR =2.79; 95% CI: 1.87, 4.16), genitourinary sys-
tem anomalies (OR=1.62; 95% CI: 1.28, 2.06), and digestive
system anomalies (OR =1.56; 95% CI: 1.15, 2.13) were higher
in the region with high pesticide use.

Considering more specific congenital anomalies, maternal occu-
pation in agriculture from 3 months before to 1 month after the last
menstrual period was identified as a risk factor for anencephaly
(OR =4.57; 95% CI: 1.05, 19.96).19 Another study demonstrated
that the use of pesticides in home gardens (OR = 5.66; 95% CI: 1.44,
22.20) and the use of pesticides in farms close to home (OR =2.56;
95% CI: 1.21, 5.43) were associated with cleft lip and palate.'® In
addition, pesticide exposure during the first 3 months of pregnancy
was associated with an increased risk of nonsyndromic cleft lip, cleft
palate, or both (OR =2.2; 95% CI: 1.1, 4.7).'%7 In a cohort of orofa-
cial cleft cases from a pediatric plastic surgery program in
Guatemala, 49.1% of the mothers reported maternal pesticide or her-
bicide exposure during pregnancy.'®® A study administered ques-
tionnaires to mothers of newborns with central nervous system
(CNS) anomalies.!?® It was found that 40.2% reported exposure to
pesticides during pregnancy, whereas 39.8% reported exposure to
herbicides. Some studies investigated associations between pesticide
exposure and male external genital malformations 8+97-103.104.106
Maternal levels of DDT and DDE were not associated with the risk
of hypospadias.!®® Organochlorine pesticide levels from maternal
blood samples were associated with cryptorchidism. 04106

The mortality caused by congenital anomalies was also
assessed. Siqueira et al.¥? found an association between pesticide
use and proportional mortality of congenital anomalies (f=1.52,
p=0.004) and infant death rate (§=0.17, p=0.039) in infants
<1 year of age. Cremonese et al.”® investigated the mortality rate
caused by anomalies in the CNS and cardiovascular system
(CVS) in infants <1 y of age. They observed a trend of increased
relative risk with an increase in pesticide use (p <0.05) and
higher relative risk for CNS (RR=1.18; 95% CI: 1.01, 1.37) and
CVS (RR=1.15;95% CI: 1.03, 1.29) in the highest quintile com-
pared with the lowest quintile of exposure. The results were stat-
istically significant in rural areas but not in urban areas.

Anthropometric Measures and Sex Ratio

We identified 16 studies assessing the association between prena-
tal pesticide exposure and anthropometric parameters in new-
borns and children (Table 3). In addition, 2 studies investigated
the proportion of male births in populations with high pesticide
exposure.

An ecologic study performed with data from the Brazilian
state of Parana did not find any correlation between the amount
of pesticide sales and the proportion of male newborns.!'? There
was no difference in the male-to-female sex ratio of children born
from workers on the malaria control program in Mexico.°

Longnecker et al.”> investigated the effect of in utero exposure
to DDE on penile and anogenital dimensions in newborn males.
The penis length, width, and anogenital distance did not differ sig-
nificantly across categories of serum DDE Ilevels. Interestingly,
Torres-Sanchez et al.®” observed a significant reduction in the ano-
genital distance index among boys (B= —0.02; 95% CI: —0.03,
—0.003), but not among girls, associated with a 2-fold increase in
maternal DDE serum levels during the first trimester of pregnancy.
In another study, DDT was not associated with anogenital distance,
but polychlorobiphenyls (PCBs) 28 (= — 0.005; 95% CI: —0.008,
—0.001), PCB 74 (B= —0.003; 95% CI: —0.006, —0.0007), and
PCB 170 (B= —0.005; 95% CI: —0.008, —0.001) were associated
with anogenital distance reduction in boys.! 4

Studies where the exposure variable was defined as the third
trimester of pregnancy coinciding with the period of pesticide
spraying,''! maternal residential proximity to fruit croplands,”®
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and p,p’-DDE®? did not find an association with birth weight.
Conversely, in one study, p,p’-DDE showed a statistically signifi-
cant positive linear relationship with birth weight (f=0.012;
95% CI: 0.003, 0.021), whereas o,p’-DDT was negatively associ-
ated with this outcome (B = — 0.014; 95% CI: —0.028, —0.0010).8!
In the cohort from Guadeloupe, chlordecone in cord blood was not
associated with birth weight. However, a U-shaped association
between cord blood chlordecone concentration and birth weight was
observed, particularly among pregnant women who had excessive
gestational weight gain.>® In a subsequent time-delayed study on the
same cohort, chlordecone in cord blood was associated with a
higher body mass index (BMI) in boys at 3 months of age and in
girls at 8 and 18 months of age.>* At 7 years of age, placement in
the third quartile of prenatal exposure was associated with signifi-
cantly increased adiposity, more markedly in boys.®® DDE levels in
the maternal serum taken at childbirth were not associated with dif-
ferences in BMI or height in measurements taken from newborns
during their first 38 months.”® Similarly, prenatal DDE exposure
was not associated with child growth parameters at birth and at 1, 3,
6, and 12 months of age.”®

A multinational study, which included data from Brazil,
assessed prenatal exposure based on untargeted metabolic signa-
ture in maternal and umbilical samples.!!* Exposure to hydroxy-
chlorothalonil, a metabolite of the fungicide chlorothalonil, was
identified in both types of samples. Levels of the metabolite in
maternal blood showed associations with two extreme abdominal
circumference fetal phenotypes: @) a positive association between
exposure to chlorothalonil and early accelerating growth, and b)
a negative association between exposure to the fungicide and fal-
tering growth. In a Costa Rican cohort study aiming to analyze
the association between prenatal exposure to pesticides and birth
size parameters, TCPY and 2,4-D were associated with lower
birth weight and smaller head circumference.** Furthermore, 2,4-
D was associated with shorter body length, and ETU presented a
nonlinear association with head circumference. In another study,
no significant associations were found between levels of p,p’-
DDE, chlorpyrifos, and organochlorine pesticides and neonatal
anthropometric parameters.5°

In a cohort study, pregnant women who lived in a rural
area and reported spraying pesticides at home had newborns
with a greater head circumference than their counterparts
(p <0.05 for both cases).”® Another similar study did not find a
difference in newborns’ head circumference between mothers
from rural and urban regions. However, a higher proportion of
newborns with head circumference below the fifth percentile of
the standard curve, after correction for sex and gestational age,
was observed in the rural group (p <0.05).7° Other studies that
included head circumference as an outcome did not find signifi-
cant results.8!-!11

Neurodevelopmental and Other Outcomes throughout
Childhood

We identified 29 publications on childhood outcomes and their
association with prenatal pesticide exposure (Table 4). Among
these, 22 studies investigated cognitive, sensory, or neurological
development, 4 examined childhood cancers, and 3 focused on
respiratory diseases in infancy.

Neurodevelopment. Five studies on neurodevelopment origi-
nated from the same Mexican prospective cohort, which recruited
1,585 women of reproductive age from 2001-2005 in four
municipalities in the State of Morelos.6%-66:68:6%.71 In this region,
DDT was used to eliminate the malaria mosquito until 1998.
Pregnant women had DDT and DDE measured in blood during
the three trimesters of pregnancy and their children were eval-
uated up to 60 months of age. The number of children evaluated
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for neurobehavioral outcomes across the five studies varied from
167 to 270. The authors found a negative association between
DDE maternal levels during the first trimester of pregnancy
and the Psychomotor Development Index of the Bayley Scale II ver-
sion throughout the first year of life (= —0.52; 95% CI: —0.96,
—0.075). In addition, assessments conducted between 3.5 and 5
years of age revealed negative associations between maternal
DDE levels from the third trimester and general cognitive index
(B=-2.01; 95% CI.-3.64, —0.38), as well as the memory
(B=—1.26; 95% CI: —2.20, —0.32) component of the McCarthy
Scale.®®> However, other investigations conducted during differ-
ent periods of the neurodevelopment yielded null results.8-6%7!
Three other studies from Mexico also originated from another
cohort, which recruited pregnant women and their offspring
from Mexico City between 1997 and 2001.7>~7* Prenatal pesti-
cide exposure was assessed by quantifying 3-PBA and TCPY
levels in maternal urine samples collected during the third tri-
mester of pregnancy. The sample size ranged from 137 to 187
mother—child pairs across the three studies. The outcomes
assessed included neurodevelopment, sleep disorders, and atten-
tion deficit hyperactivity disorder (ADHD)-related behavior.
No significant results were found, except for an association
between prenatal TCPY levels and sleep duration (B=36.2;
95% CI: 5.2, 67.3).7*

Seven studies came from a birth cohort from Guadeloupe
archipelago.>3-37-39-61.62.64 This cohort, named the TIMOUN
Birth Cohort, included 1,068 pregnant women during their sec-
ond or third trimester recruited between 2004 and 2007 in
Guadeloupe. The number of children enrolled in the six studies
varied from 111 to 410. They focused on prenatal, perinatal,
and childhood exposure to chlordecone, a highly persistent
organochlorine insecticide that was intensively used in banana
fields. Concentrations of chlordecone and other environmental
contaminants were measured in the umbilical cord blood from
newborns in the cohort, and subsequently from blood samples
provided by these children at various ages. The investigators
reported negative associations with fine motor functions, visual
recognition memory, novelty preference, and visual processing
speed of pre- and postnatal exposures in 7- and 18-month-old
children.>”-38-6! In assessments of children at ~ 7 years of age,
associations were observed between cord chlordecone levels
and adverse effects on visual and neuromotor function, with
differing effects noted between girls and boys concerning cog-
nitive function and behavior problems.>>->%-%* In addition, one
study found no sex-typed toy preference in relation to prenatal
exposure to chlordecone.®?

Two studies analyzed data from the community-based pro-
spective birth cohort of the Costa Rica Caribbean, Infants’
Environmental Health (ISA) study. In one study, the authors
investigated the association between prenatal exposure to excess
manganese (found in fungicides) and neurodevelopment at 1 year
of age.*! It was observed that among boys, higher manganese lev-
els were associated with lower social-emotional scores (3 per 10-
fold increase = — 4.6; 95% CI: —8.5, —0.8). In another study, the
authors examined 2,4-D, pyrethroids, pyrimethanil, and chlorpyrifos
metabolites.*> An association was found between prenatal 2,4-D
concentration and language ( per 10-fold increase = —2.0; 95%
CL: —3.5, —0.5) and motor (P per 10-fold increase = —2.2; 95%
CIL: —4.2, —0.1) abilities composite scores for all children.

Three studies came from Ecuador, assessing parental occupa-
tion in the agricultural sector as the exposure.*6%84° Prenatal
maternal pesticide exposure was associated with deficits in the
motor tests, visuospatial performance, and visual memory in one
study,*® and with lower fine motor skills and poorer visual acuity
in another study.*® In the study by Grandjean et al.,*® prenatal
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pesticide exposure was associated with higher blood pressure and
lower visuospatial parameter scores.

In a cross-sectional study conducted in Bogota, prenatal expo-
sure to pesticides was not associated with cognitive abilities in
children.!’> In a prospective cohort study from Puerto Rico, the
relationship between prenatal exposure to glyphosate and child-
ren’s neurobehavioral development at 6, 12, and 24 months of
age was assessed.!'® No statistically significant associations were
found between glyphosate or AMPA concentrations and the neu-
robehavioral scores at 6 months of age. However, at 12 months
of age, associations were observed between AMPA concentration
and the communication score, whereas at 24 months of age, asso-
ciations included motor, communication, and cognitive domain
scores.

Childhood leukemia. Four articles investigated the association
between prenatal pesticide exposure and childhood leukemia. In a
case—control study, an association was found between maternal ex-
posure to chemicals (including pesticides) during pregnancy and
childhood leukemia (OR = 1.36; 95% CI: 1.16, 1.59).°° In another
article, children born to women who had at least one exposure to
pesticides during pregnancy had a greater likelihood of developing
acute lymphoid leukemia (OR=2.10; 95% CI: 1.14, 3.86) and
acute myeloid leukemia (OR =5.01; 95% CI: 1.97, 12.70) in chil-
dren 0-11 months of age, and acute lymphoid leukemia
(OR=1.88; 95% CI: 1.05, 5.23) in children 12-23 months of
age.’! In a different investigation, maternal exposures to any pesti-
cides at any time (OR =2.2; 95% CI: 1.0, 4.8), during the year
before conception (OR =2.4; 95% CI: 1.0, 5.9), and during the first
(OR=22.0; 95% CI: 2.8, 171.5) and second (OR =4.5; 95% CI:
1.4, 14.7) trimesters were associated with an increased risk of hav-
ing a child with leukemia.®® In addition, an association was found
for paternal exposures to any pesticides during the second trimester
(OR =2.2;95% CI: 1.0, 4.8). In the study by Hyland et al.,*® mater-
nal insecticide use during pregnancy, but not herbicide use, was
associated with increased odds of acute lymphoid leukemia among
boys (OR =1.75;95% CI: 1.13,2.73). This association appeared to
be dose dependent (peng = 0.03).

Respiratory infections. Three studies explored the association
between prenatal pesticide exposure and respiratory infections in
early life. Cupul-Uicab et al.”” did not find an association between
prenatal exposure to p,p’-DDE or p,p’-DDT and lower respiratory
tract infections (LRTTI) in infants up to 2 years of age. In the cohort
study by Mora et al.,*? fungicides and organophosphate (OP)
insecticides were not statistically associated with LRTI, but high
levels of ETU (a metabolite of mancozeb) in the second half of
pregnancy were associated with reduced odds of wheezing during
the first year of life (OR =0.50; 95% CI: 0.26, 0.96). Subsequent
investigation on the same cohort at 5 years of age also did not
reveal an association between metabolites of pesticides and
LRTL*

Molecular Effects

We found six observational human studies examining the molec-
ular effects of prenatal pesticide exposure (Table 5). A study
from Argentina aimed to determine the presence of environmen-
tal xenobiotics in the maternal blood of mothers of children with
or without congenital anomalies.”® In addition, the authors
investigated the correlation between the xenobiotics present in
maternal blood and genotoxicity parameters using the comet
assay and the cytome assay. In the comet assay, B-HCH was
positively correlated with the damage index. Furthermore, in
the cytome assay, positive correlations between genotoxicity
parameters were observed with levels of hexachlorobenzene
(HCB), 6-HCH, lindane, exo-heptachlor epoxide, and methyl
chlorpyrifos. In another study conducted in Argentina, placental
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parameters, besides target enzymes, erythrocyte osmotic fragility
and DNA damage from umbilical blood cells were assessed.!!”
The study aimed to investigate whether newborns of mothers
living in a rural area with intense use of OPs had alterations in
placental or biomarkers of oxidative stress. The researchers
observed that the placental weight and placental index were
higher in the group exposed to pesticides compared with the
control group. In addition, higher erythrocyte osmotic fragility,
higher DNA damage index, and lower superoxide dismutase (SOD)
activity were observed in the rural group from the spray season
compared with the rural group from the nonspray season.
Acetylcholinesterase and SOD activities were found to be inversely
correlated with the DNA damage index. In a Brazilian study com-
paring chromosomal damage in peripheral blood lymphocytes and
oral epithelial cells between pregnant women from rural and urban
areas, no statistical difference was found in the results of the micro-
nucleus test.!'8

Three studies have investigated the effects of pesticide expo-
sure on thyroid hormone levels. In a study from the TIMOUN
cohort, umbilical cord chlordecone levels were associated with
increased thyroid-stimulating hormone (TSH) levels at 3 months
of age in boys.®! In another study conducted with the same
cohort, the association between in utero exposure to chlordecone
and levels of thyroid, metabolic, and sex-steroid hormones at 7
years of age was investigated.> Higher levels of chlordecone
were associated with higher levels of TSH in girls, as well with
the hormones dehydroepiandrosterone (DHEA), total testosterone
(TT) and dihydrotestosterone (DHT) in both sexes. In a birth
cohort study from Bolivia, newborn TSH levels were not signifi-
cantly associated with p,p’-DDE or o,p’-DDT quantified in serum
from cord blood.8!

Discussion

Latin America constitutes a geographical region with pronounced
reliance on agricultural activities as a source of income.>!!® The
global rise in agricultural productivity over the past decades has
co-occurred with an increase in the production and consumption
of formulated pesticides.*>120-122 A Jarge amount of pesticides
are formulated and commercialized by enterprises situated outside
of LAC.'2-125 However, due to rigorous application of regula-
tions within their countries of production, the use of some of these
compounds is exclusively permissible in middle- and low-income
nations, and not in the countries were they are produced.!2%:!?7
Previous literature reviews have considered the accumulating evi-
dence regarding health risks associated with environmental con-
tamination resulting from pesticide use.>*!28 Compared with the
review by Zifiiga-Venegas et al.,>® our review exclusively focused
on prenatal pesticide exposure and broadened the search to include
six databases, as well as extending the publication date range to a
larger and more recent time frame. Of the total 80 studies included
in our review, 44 were not included on the previous review. The
present scoping review identified a substantial body of literature
from LAC concerning the potential risks associated with pesticide
exposure during pregnancy. The findings underscore the impor-
tance of allocating resources from the generated agricultural
wealth toward the investigation and mitigation of the repercus-
sions linked to pesticide use in LAC agriculture.

Some studies included in the present review indicated an
association between prenatal pesticide exposure and preterm
birth. In animal studies, it was observed that exposure of pregnant
rabbits to DDT increased the incidence of prematurity.'>® Given
that DDT and its metabolites possess the capability to interact
with progesterone receptors in an antagonistic manner,'3° expo-
sure to DDT during pregnancy could potentially impact the dura-
tion of gestation. When human endometrial endothelial cells were
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Table 5. Latin American and Caribbean studies on prenatal pesticide exposure and molecular adverse effects published between 2000 and 2024 (n=6).

Outcome/biological Study design
Author, year Country Exposure sample (n) Key findings
Quintana et al., 201717 Argentina Living in an area with Red blood cell os- Cross-sectional Higher erythrocyte osmotic fragil-
intensive pesticide motic fragility (151) ity and a higher DNA damage
application and cell viability index were observed in the rural
group from the spray season
compared with the rural group
from the nonspray season
Colussi et al., 2024% Argentina OCPs, OPs, and PYR Genotoxicity Case—control B-HCH was positively correlated
quantified from assessed using the (290) with the damage index comet
maternal blood sam- comet assay and assay (rho=0.354, p=0.003).
ples collected after the cytome assay HCB, 8-HCH, lindane, exo-hep-
delivery tachlor epoxide, and methyl
chlorpyrifos were positively
correlated with genotoxicity
parameters
Arrebola et al., 20168! Bolivia 0,p'-DDT and p,p’-DDE Newborn TSH levels Cohort (200) No statistically significant findings
levels quantified in
serum from cord
blood samples col-
lected after delivery
Silva et al., 2019118 Brazil Environmental and Chromosomal dam- Cross-sectional No statistically significant findings
occupational expo- age in peripheral (23)
sure to agrochemicals blood lympho-
cytes and from
oral epithelium
samples
Cordier et al., 2015%! Guadeloupe Chlordecone concentra- TSH levels at 3 Cohort (111) Boys from the higher exposure
tions from cord blood months of age group showed 61.3% (95% CI:
samples collected at 2.0, 155.0) change in TSH
birth levels®
Ayhan et al., 202193 Guadeloupe Organochlorine levels Levels of TSH, FT3, Cohort (438) The third quartile of in utero chlor-

measured from um-
bilical cord blood
samples collected at
birth

FT4, IGF-1, adi-
ponectin, leptin,
DHEA, TT, and
E2 hormones in
children at 7 years
of age

decone exposure relative to the
lowest quartile was associated
with higher TSH (8 =0.22; 95%
CI: 0.01, 0.44) levels in girls
and higher DHEA (=0.54;
95% CI: 0.08, 1.01, for boys;
B=0.36;95% CI: 0.02, 0.71,
for girls), TT (aOR =3.22; 95%
CI: 1.08, 9.6, for boys;

aOR =3.28;95% CI: 1.32, 8.17,
for girls), and DHT

(aOR =3.70; 95% CI: 1.29,
10.6, for boys; aOR =3.20; 95%
CI: 1.01, 10.2, for girls) levels”

Note: aOR, adjusted odds ratio; B-HCH, beta-hexaclorocyclohexane; BMI, body mass index; CI, confidence interval; 8-HCH, delta-hexachlorocyclohexane; DDE, dichlorodiphenyldi-
chloroethylene; DDT, dichlorodiphenyltrichloroethane; DHEA, dehydroepiandrosterone; DHT, dihydrotestosterone; E2, estradiol; FT3, tri-iodothyronine; FT4, thyroxine; HCB, hexachlor-
obenzene; IGF-1, insulin growth-factor 1; OCPs, organochlorine pesticides; OPs, organophosphates; PCB, polychlorinated biphenyl; PYR, pyrethroids; TSH, thyroid-stimulating

hormone; TT, total testosterone.

“Adjusted for hemolysis status, ssample storage duration, level of education, In PCB-153 levels, In p,p’-DDE levels, and total lipids.
?Adjusted for mothers’ age at delivery, smoking during pregnancy, alcohol during pregnancy, mothers’ BMI in early pregnancy, child z-score BMI, geographical origin, and breast-

feeding depending on the outcome.

exposed to DDT, there was a decrease in the proportion of viable cells
and an increase in the proportion of necrotic cells.'*! Furthermore,
administrating DDT to rabbit embryos prior to the implantation stage
resulted in intrauterine growth restriction,'3? and carbamate pre- and
postimplantation in pregnant rats reduced fetal weight.'?*> Exposure to
a mixture of pesticides can lead to a decrease in birth weight, even at
dose levels considerably lower than the no observed adverse effect lev-
els of a single pesticide within the mixture.'3*

A possible mechanism involved in adverse obstetric outcomes is
the functional impairment of the placenta due to oxidative
stress.!17:135 Oxygen is a fundamental component for cellular metab-
olism, facilitating various biochemical reactions, and it is particularly
crucial during the initial stages of development, where it influences
key processes, such as cell differentiation, tissue growth, and organ
formation.!3® Pesticides increase oxidative stress and induce the for-
mation of oxidized lipids.'3”-!3® Exposure to OP pesticides leads to
oxidative stress owing to decreased glutathione and increased
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reactive oxygen species.'> Moreover, organochlorine pesticide resi-
dues found in the placental tissue of individuals with preterm delivery
were associated with oxidative stress.'“° Further studies are needed to
accurately understand the molecular mechanisms involved in oxida-
tive stress triggered by pesticide exposure.

Other pathophysiological mechanisms should be taken into con-
sideration. Some pesticides act as androgen-receptor antagonists,
inhibitors of steroidogenic enzymes, or both, thus impairing endo-
crine signal pathways.'"=147 As a consequence, exposure during
critical periods of development can trigger alterations in signal path-
ways in the tissues of the male reproductive system, causing anoma-
lies of the external genitalia.!*®~13° Anogenital distance has also
been an androgen-dependent developmental biomarker applied to
assess the effects of endocrine-disrupting pesticides.'>' Although
outlying measurements of birth weight, birth length, and head cir-
cumference are not directly associated with a specific dysfunction or
disease, these parameters are conventionally used to evaluate and

12(1-4) December 2024



predict intrauterine development and possible alterations in
growth.!>2 In addition, anogenital distance is a well-established
marker of androgen exposure in humans.'>? In the present review,
we identified a set of studies evaluating anthropometrics parameters,
including anogenital distance, penile dimensions, and the proportion
of male newborns. Nonetheless, a subset of the investigations failed
to incorporate standardized anthropometric measurements, such as
z-scores for weight and length stratified by both sex and gestational
age, which would facilitate a more robust interstudy comparison.

Among the studies assessing congenital anomalies, particular
attention was given to male genital anomalies such as hypospa-
dias and cryptorchidism. With the exception of one study that
focused on hypospadias and had a small number of participants,
the overall results indicate an association between prenatal expo-
sure to pesticides and anomalies of the genitourinary system.
Other congenital anomalies, such as anomalies in the circulatory
and digestive systems, and cleft lip and palate, as well as infant
mortality caused by congenital anomalies in the CNS and CVS,
were also associated with prenatal exposure to pesticides. Some
previous works have estimated the association by using exposure
to organochlorines as a measure, which, as mentioned above,
have an androgenic antagonist action.'** However, other studies
relied on indirect measures of exposure, such as parental occupa-
tion and place of residence, or employed ecological approaches.
In these cases, findings are more susceptible to confounding fac-
tors and should be interpreted with caution.

Epidemiological studies have demonstrated an association
between pesticide exposure and respiratory outcomes among
farmworkers.!34"156 Among the studies included in the present
review, we observed limited evidence concerning the associa-
tion between prenatal exposure and respiratory outcomes in
children.

We observed consistency among the results from studies in
which the outcomes were childhood leukemia, which corresponds
to the results of other studies conducted outside of LAC coun-
tries.!>137 Despite the fact that the majority of childhood leuke-
mia cases do not have a clear etiology,'”® it has been proposed
that certain chemicals, including pesticides, exhibit toxic mecha-
nisms that act on early hematopoietic stem and progenitor cells.
These mechanisms involve topoisomerase II inhibition properties
and the excessive generation of free radicals, which can lead to
DNA single- and double-strand breaks.!>*!%% The relationship
between leukemia and pesticide exposure is still a relatively
underexplored field in LAC. Given the morbidity and mortality
associated with this disease, future studies aimed at understand-
ing this relationship could potentially contribute to improving the
childhood health indexes across countries from LAC.

We found a substantial body of literature evaluating the relation-
ship between prenatal pesticide exposure and neurodevelopment.
Notably, three Latin American cohorts were assessed for neurode-
velopment parameters across different time points of childhood.
Among the results of these studies, a positive association was
reported between pesticide exposure and deficits in fine motor skills.
In a similar way, tremors were reported among rat pups exposed to
chlordecone,'®! as well as among human adults experiencing acute
exposure.'%? According to the data available, authors have high-
lighted that chlordecone-induced tremors may involve multiple neu-
rotransmitter systems.® Another possible explanation for these
findings is the short-term visual memory measured by the novelty
preference. Difficulty with recent memory was reported among the
symptoms from workers intoxicated with chlorinated pesticides.'®?
Memory impairment was also observed in preweaning rats exposed
to chlordecone.'®*!%* Specific to the findings on contrast sensitivity,
researchers have proposed that contrast sensitivity may be mediated
by dopaminergic-related mechanisms.>>
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Considering the aims and the inclusion criteria for this
review, we did not include experimental studies. However, find-
ings from studies examining the molecular effects of pesticide ex-
posure on pregnant women, including genotoxicity tests, were
presented.”>!17:118 In addition, other studies investigated TSH
levels as potential mediators of adverse outcomes.®-3! Although
not the focus of this review, we underscore the significance of
exploring the potential hazards associated with pesticide expo-
sure during pregnancy through experimental studies, particularly
those addressing placental health and development. Enhanced
comprehension of how pesticides influence the physiology of
pregnant women and the development of embryo and fetus, as
elucidated by molecular mechanisms in in vitro studies and ani-
mal models, holds considerable value for interpreting findings
from observational human studies.

Taking into account the body of studies presented, we would
like to highlight some challenges we observed among these stud-
ies. The first challenge is related to the complexity of directly
assessing pesticide exposure. Occupational exposure, proximity
to cultivation areas, self-reported pesticide application, and rural/
urban residence were among the indirect measures used as expo-
sure. A limited number of studies (55.0%) have directly assessed
exposure biomarkers in umbilical cord, maternal blood, or urine
samples. A second challenge for researchers on this topic is the
variations in the timing of sample collection (e.g., trimester of
pregnancy) across these studies could potentially yield disparate
outcomes, which may account for divergences observed among
the different studies’ results. The third challenge is that some out-
comes are rarely observed, and prospective research on larger
sample populations may be necessary to draw more meaningful
results.

We have identified gaps in the literature that should be explored
in future research. Considering that new pesticides are released for
application each year, we emphasize the need to examine the effects
resulting from prenatal exposure to pesticides other than organo-
chlorines. Particularly, attention should be given to the effects of
pesticides banned in high-income countries but widely used in Latin
America. It is worth mentioning that the present review identified
studies from 13 of the 45 LAC countries, denoting a lack of research
on prenatal pesticide exposure and its adverse outcomes in certain
LAC countries (Anguilla, Antigua and Barbuda, Aruba, Bahamas,
Barbados, Belize, British Virgin Islands, Cayman Islands, Cuba,
Dominica, Dominican Republic, El Salvador, Falkland Islands
(Malvinas), French Guiana, Grenada, Guyana, Haiti, Honduras,
Jamaica, Martinique, Montserrat, Nicaragua, Panama, Saint Kitts
and Nevis, Saint Lucia, Saint Vincent and the Grenadines,
Suriname, Trinidad and Tobago, Turks and Caicos Islands, US
Virgin Islands, Uruguay, and Venezuela). Local efforts to investi-
gate the effects of prenatal pesticide exposure can lead to more effec-
tive policies. In addition, another aspect deserving attention is the
impact of prenatal pesticide exposure on socially vulnerable groups.
Many pregnant women exposed to pesticides in LAC hail from rural
communities, indigenous populations, riverine communities, or
labor under poorly regulated and protected conditions.'% The com-
pound effect of prenatal pesticide exposure and social vulnerability
can yield even more pronounced consequences that should be stud-
ied. Furthermore, no studies covering multiple LAC countries were
identified. Given the shared characteristics and unique aspects
related to pesticides regularization, collaborative studies between
countries can also yield new insights to enhance the health of the
LAC population. Finally, there is a dearth of prospective epidemio-
logical studies that use a high-quality design and statistical
approach. In this context, we advocate for the advancement of
research endeavors that directly measure exposure levels through
biomarkers in maternal blood or urine samples, among other
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methods. In addition, it is imperative to evaluate exposure dur-
ing each trimester and its association with adverse outcomes.
Prospective studies offer a viable approach to accomplishing
these practices, facilitating more precise and wide collection of
data, and consequently yielding more robust findings. Given the
unique characteristics of LAC, gaining a deeper understanding
of the effects of environmental factors on maternal and child
health is an area that demands robust scientific investment. This
can significantly contribute to formulating more effective public
policies for this population.

Our study has some noteworthy aspects. It synthesizes the sci-
entific output from observational human studies concerning pre-
natal exposure to pesticides and adverse outcomes in LAC, a
region characterized by lax regulatory frameworks and conse-
quent high pesticide consumption. Our methodology enabled us
to identify and assess studies not only in English but also in
Portuguese and Spanish, the primary languages of the region.
This approach ensured the inclusion of articles from both interna-
tional and local journals. By focusing on prenatal exposure, our
study consistently captured scientific output on teratology, a field
of research essential for informing regulatory decisions concern-
ing products with potential human health hazards. Our study also
has some limitations. We did not systematically evaluate the
quality of the studies or summarize their results quantitatively,
because this was not the purpose of the scoping review. Our
search strategy was defined based on three main terms: pesti-
cides, pregnancy, and Latin America. We did not include the
names of specific pesticides, which may have limited the articles
recovered in the search. However, we included MeSH terms to
expand the search strategy to incorporate related terms into the
searches. Furthermore, our study was restricted to observational
studies involving human participants. This decision was made to
assess the real-life impact of pesticide use across LAC. However,
it inevitably excluded numerous experimental studies conducted
within the region on this topic. We could search for and read
articles only in Portuguese, Spanish, and English. However, there
may be scientific output in other languages within the region that
was not included in this review.

In summary, we identified studies conducted in LAC that eval-
uated prenatal exposure to pesticides and this exposure’s potential
associations with adverse obstetric and neonatal outcomes, con-
genital anomalies, anthropometric parameters, neurodevelopment,
childhood leukemia, and respiratory infections. In addition, we
identified a limited number of studies assessing molecular effects.
Given that a significant portion of the LAC populations are
exposed to pesticides and considering the diverse range of adverse
effects reported in the scientific literature due to pesticide exposure,
continued research into the risks of prenatal exposure is essential.
There are substantial gaps in the existing knowledge, particularly
concerning groups of pesticides beyond organochlorines. It is cru-
cial to consider the unique characteristics of the LAC region, espe-
cially regarding investigating risks associated with pesticides that
are banned in some countries but permitted in LAC.
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