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BACKGROUND:Multiple epidemiological studies have shown that exposure to pesticides is associated with adverse health outcomes. However, the lit-
erature on pesticide-related health effects in the Latin American and the Caribbean (LAC) region, an area of intensive agricultural and residential pes-
ticide use, is sparse. We conducted a scoping review to describe the current state of research on the health effects of pesticide exposure in LAC
populations with the goal of identifying knowledge gaps and research capacity building needs.
METHODS: We searched PubMed and SciELO for epidemiological studies on pesticide exposure and human health in LAC populations published
between January 2007 and December 2021. We identified 233 publications from 16 countries that met our inclusion criteria and grouped them by
health outcome (genotoxicity, neurobehavioral outcomes, placental outcomes and teratogenicity, cancer, thyroid function, reproductive outcomes,
birth outcomes and child growth, and others).

RESULTS: Most published studies were conducted in Brazil (37%, n=88) and Mexico (20%, n=46), were cross-sectional in design (72%, n=167), and
focused on farmworkers (45%, n=105) or children (21%, n=48). The most frequently studied health effects included genotoxicity (24%, n=62) and neu-
robehavioral outcomes (21%, n=54), and organophosphate (OP) pesticides were the most frequently examined (26%, n=81). Forty-seven percent
(n=112) of the studies relied only on indirect pesticide exposure assessment methods. Exposure to OP pesticides, carbamates, or to multiple pesticide
classes was consistently associated withmarkers of genotoxicity and adverse neurobehavioral outcomes, particularly among children and farmworkers.
DISCUSSION: Our scoping review provides some evidence that exposure to pesticides may adversely impact the health of LAC populations, but meth-
odological limitations and inconsistencies undermine the strength of the conclusions. It is critical to increase capacity building, integrate research ini-
tiatives, and conduct more rigorous epidemiological studies in the region to address these limitations, better inform public health surveillance
systems, and maximize the impact of research on public policies. https://doi.org/10.1289/EHP9934

Introduction
The Latin America and the Caribbean (LAC) region accounts for
14% of global agricultural production and 23% of the world’s
exports of agricultural and fisheries commodities.1 The rapid
increase of farming in the region in the last decades has been
coupled with an extensive use of pesticides (defined as chemical
compounds that may either kill, obstruct, or manage the growth

of any organism that damages a crop)2,3 and a lack of pesticide
use regulations or implementation thereof.4–6 It is estimated that
pesticide use in LAC countries accounts for 20% of worldwide
consumption3 and that more pesticides are used in Central and
South America on a per capita basis (1.84 and 1:78 kg of pesti-
cide per person per year, respectively3,7) than in other regions in
the world.
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Intensive use of pesticides in the LAC region for agricultural
and public health vector control purposes8 has resulted in wide-
spread chronic human exposure, particularly among those living in
agricultural communities. Pathways of chronic exposure include
pesticide drift from treated fields to nearby homes or schools,9–12

take-home exposure,13 and consumption of contaminated food and
water.14–17 Elevated occupational exposures in this region are also
a concern as workers who apply pesticides or work in treated agri-
cultural fields are exposed to mixtures of pesticides, such as insec-
ticides [e.g., organophosphate (OP) and organochlorine (OC)
pesticides],18,19 herbicides (e.g., glyphosate, the most widely used
pesticide in the world),20 and fungicides (e.g., chlorothalonil, bis-
dithiocarbamates, and benzimidazoles).21

Although multiple studies around the world, including those
conducted in LAC countries, have shown that pesticides have a
negative impact on human health,22,23 public health surveillance
and monitoring systems on pesticide use and associated illness
are nonexistent or extremely limited in the LAC region.5,24–28

In addition, several pesticides banned in the United States,
Europe, and Canada because they were deemed as a potential
threat to human health have been or continue to be used in some
LAC countries.28–30 Climate change could also exacerbate the
health risks of pesticide exposures among LAC populations
owing to enhanced chemical toxicity, increased rates of chemical
degradation, enhanced volatilization of pesticides to the atmos-
phere or surface deposition of airborne pesticides, or changes in
the frequency and amount of pesticides used.31,32

Promotion of high-quality epidemiological studies with stand-
ardized direct exposure assessment methods, the establishment of
biomonitoring and environmental surveillance programs, and the
development of evidence-based prevention policies and interven-
tions have been suggested as means to protect the health of popu-
lations exposed to pesticides.33–35 Still, there is little information
on the current state of research on the health effects of pesticides
in the LAC region. Previous systematic literature reviews and
meta-analyses of studies conducted in LAC populations have
focused on one specific class of pesticides or specific active in-
gredient (e.g., OP pesticides,36,37 pyrethroids,38 glyphosate39),
one specific age group (e.g., children37,40–42), or one health out-
come (e.g., genotoxicity,43 neurobehavior,36,37,40 or respiratory
health41). To address existing gaps of knowledge and identify
research capacity building needs in the region, we conducted a
scoping review to describe the current state of research on the
health effects of pesticide exposure in LAC populations.

Methods

Search Strategy
We undertook a scoping review of the literature to identify all
primary published data encompassing health effects of occupa-
tional or environmental exposure to pesticides in LAC popula-
tions. Our methods were guided by the Preferred Reporting Items
for Systematic reviews and Meta-Analyses—Extension for
Scoping Reviews (PRISMA-ScR) statement.44 We searched
PubMed and the Scientific Electronic Library Online (SciELO)
for all studies published between January 2007 and December
2021. For PubMed, we used the following search string: (pesti-
cides [All Fields] AND “Latin America” [All Fields]) OR (pesti-
cides [All Fields] AND Aruba [All Fields]) OR (pesticides [All
Fields] AND Bahamas [All Fields]) OR (pesticides [All Fields]
AND Barbados [All Fields]) OR (pesticides [All Fields] AND
“Cayman Islands” [All Fields]) OR (pesticides [All Fields] AND
Cuba [All Fields]) OR (pesticides [All Fields] AND Curacao [All
Fields]) OR (pesticides [All Fields] AND Dominica [All Fields])
OR (pesticides [All Fields] AND “Dominican Republic” [All

Fields]) OR (pesticides [All Fields] AND Grenada [All Fields])
OR (pesticides [All Fields] AND Guadeloupe [All Fields]) OR
(pesticides [All Fields] AND Haiti [All Fields]) OR (pesticides
[All Fields] AND Jamaica [All Fields]) OR (pesticides [All
Fields] AND Martinique [All Fields]) OR (pesticides [All Fields]
AND “Puerto Rico” [All Fields]) OR (pesticides [All Fields]
AND “Saint Barthélemy” [All Fields]) OR (pesticides [All
Fields] AND “Saint Kitts and Nevis” [All Fields]) OR (pesticides
[All Fields] AND “Saint Lucia” [All Fields]) OR (pesticides [All
Fields] AND “Saint Maarten” [All Fields]) OR (pesticides [All
Fields] AND “Saint Vincent and the Grenadines” [All Fields])
OR (pesticides [All Fields] AND “Trinidad and Tobago” [All
Fields]) OR (pesticides [All Fields] AND “Turks and Caicos
Islands” [All Fields]) OR (pesticides [All Fields] AND “Virgin
Islands” [All Fields]) OR (pesticides [All Fields] AND Belize
[All Fields]) OR (pesticides [All Fields] AND “Costa Rica”
[All Fields]) OR (pesticides [All Fields] AND “El Salvador” [All
Fields]) OR (pesticides [All Fields] AND Guatemala [All
Fields]) OR (pesticides [All Fields] AND Honduras [All Fields])
OR (pesticides [All Fields] AND Mexico [All Fields]) OR (pesti-
cides [All Fields] AND Nicaragua [All Fields]) OR (pesticides
[All Fields] AND Panama [All Fields]) OR (pesticides [All
Fields] AND Argentina [All Fields]) OR (pesticides [All Fields]
AND Bolivia [All Fields]) OR (pesticides [All Fields] AND
Brazil [All Fields]) OR (pesticides [All Fields] AND Chile [All
Fields]) OR (pesticides [All Fields] AND Colombia [All Fields])
OR (pesticides [All Fields] AND Ecuador [All Fields]) OR (pes-
ticides [All Fields] AND “French Guiana” [All Fields]) OR (pes-
ticides [All Fields] AND Guyana [All Fields]) OR (pesticides
[All Fields] AND Paraguay [All Fields]) OR (pesticides [All
Fields] AND Peru [All Fields]) OR (pesticides [All Fields] AND
Suriname [All Fields]) OR (pesticides [All Fields] AND Uruguay
[All Fields]) OR (pesticides [All Fields] AND Venezuela [All
Fields]) AND (“"2007/01/0”"[Date–- Publication]: “"2021/12/
3”"[Date–- Publication])) (i.e., names of the 43 LAC countries
and territories, as defined by the International Society of
Environmental Epidemiology (ISEE) LAC Chapter).45 For
SciELO, we used the following search string: ((pesticides AND
Latin America)) OR ((pesticides AND Aruba)) OR ((pesticides
AND Bahamas)) OR ((pesticides AND Barbados)) OR ((pesti-
cides AND Cayman islands)) OR ((pesticides AND Cuba)) OR
((pesticides AND Curacao)) OR ((pesticides AND Dominica))
OR ((pesticides AND Dominican Republic)) OR ((pesticides
AND Grenada)) OR ((pesticides AND Guadeloupe)) OR ((pesti-
cides AND Haiti)) OR ((pesticides AND Jamaica)) OR ((pesti-
cides AND Martinique)) OR ((pesticides AND Puerto Rico)) OR
((pesticides AND Saint Barthelemy)) OR ((pesticides AND saint
Kitts and Nevis)) OR ((pesticides AND Saint Lucia)) OR ((pesti-
cides AND Saint Maarten)) OR ((pesticides AND Saint Vincent
and the Grenadines)) OR ((pesticides AND Trinidad and
Tobago)) OR ((pesticides AND Turks and Caicos islands)) OR
((pesticides AND Virgin Islands)) OR ((pesticides AND Belize))
OR ((pesticides AND Costa Rica)) OR ((pesticides AND El
Salvador)) OR ((pesticides AND Guatemala)) OR ((pesticides
AND Honduras)) OR ((pesticides AND Mexico)) OR ((pesticides
AND Nicaragua)) OR ((pesticides AND Panama)) OR ((pesti-
cides AND Argentina)) OR ((pesticides AND Bolivia)) OR
((pesticides AND Brazil)) OR ((pesticides AND Chile)) OR
((pesticides AND Colombia)) OR ((pesticides AND Ecuador))
OR ((pesticides AND French Guiana)) OR ((pesticides AND
Guyana)) OR ((pesticides AND Paraguay)) OR ((pesticides
AND Peru)) OR ((pesticides AND Suriname)) OR ((pesticides
AND Uruguay)) OR ((pesticides AND Venezuela)) and filtered
the results by date of publication. The initial search was con-
ducted on 30 May 2017, with subsequent updates on 1 May
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2019, 4 February 2021, and 27 April 2022 (for papers published
until 31 December 2021). We also identified potentially relevant
citations not retrieved by the initial literature searches by scan-
ning the references of relevant studies throughout the course of
title and abstract screening and data abstraction (Figure 1; see
Supplemental Material for the list of studies retrieved from
PubMed and SciELO).

Study Selection
After removing duplicate records, titles and abstracts of literature
search results were scanned for eligibility by two reviewers, with
discrepancies resolved by a third reviewer. Studies were selected
for full-text review when they met all of our inclusion criteria:
a) original full paper that presented unique data from an analytical
observational epidemiological study (i.e., cohort, cross-sectional,
or case–control study); b) environmental or occupational expo-
sure to pesticides; c) conducted in one of the 43 LAC countries
and territories, as defined by the ISEE LAC Chapter45; and d) pub-
lished in English, Spanish, or Portuguese. We excluded studies if
they met one of the following criteria: a) did not report original
results (i.e., reviews, meta-analysis, comments, letters, editorials,
and case reports); b) were experimental, toxicological, or ecologi-
cal studies; c) were based on animal or human tissues; or
d) reported preliminary results (e.g., conference abstracts or papers
that were later updated or revised in a peer-reviewed journal arti-
cle). Full texts were assessed by two reviewers for final inclusion,
with a third reviewer again resolving any discrepancies.

Data Abstraction
We abstracted the following characteristics from the selected pub-
lications: bibliographic citation information (i.e., authors, year of
publication, and country), characteristics of the study population

(i.e., sample size, study area), study design, type of pesticides
assessed (e.g., pesticide class or pesticide active ingredient), expo-
sure and health outcome assessment methods, and main study find-
ings. We grouped the studies into eight categories based on the
main health outcome assessed: a) genotoxicity, b) neurobehavioral
outcomes, c) placental outcomes and teratogenicity, d) cancer,
e) thyroid function, f) reproductive outcomes, g) birth outcomes
and child growth, and h) other health outcomes.

Because of the expected methodological heterogeneity among
the selected studies (e.g., variability in study design; exposure
and outcome assessment methods), results were not intended to
be combined through meta-analysis. Instead, we conducted a nar-
rative synthesis to highlight the strengths and limitations of the
current evidence base and to ultimately draw conclusions about
the state of research on the health effects of pesticide exposure in
LAC populations, including key challenges moving forward.

Results
The PubMed and SciELO search retrieved 9,934 and 481 cita-
tions, respectively, and the review of references from relevant
publications yielded 10 additional citations (Figure 1). After
removing 78 duplicates, 10,023 publications that did not meet
inclusion criteria based on titles/abstracts, and 91 that did not
meet inclusion criteria based on full-text reviews, 233 publica-
tions were included in this review. Although publications
reported on studies from 16 (37%) of the 43 LAC countries and
territories, most studies were conducted in Brazil (37%, n=88)
and Mexico (20%, n=46) (Table 1). Studies were primarily
cross-sectional in design (72%, n=167), and the most frequently
studied populations were farmworkers (45%, n=105) or children
(21%, n=48). Between 2007 and 2021, the average number
± standard deviation ðSDÞ of publications was ∼ 15:6± 7:0=y,
range: 5 in 2008 to 27 in 2020) (Figure S1). Nearly half

Figure 1. PRISMA-ScR flow diagram of study selection. Note: PRISMA-ScR, Preferred Reporting Items for Systematic reviews and Meta-Analyses—
Extension for Scoping Reviews; SciELO, Scientific Electronic Library Online.
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(47%, n=112) of the published studies relied solely on indirect
pesticide exposure assessment methods (e.g., questionnaire, job
status ascertainment via death certificate or surveillance system)
(Table 1 and Table S1). Blood was the biological matrix most fre-
quently used to assess pesticide exposure (74%, n=99 of the 124
studies that used direct exposure assessment methods). Most pub-
lished studies focused on OP pesticides (26%, n=81) or multiple
classes of pesticides (32%, n=100). The most studied health
effects included genotoxicity (24%, n=62) and neurobehavioral
outcomes (21%, n=54) (Table 1 and Table S1).

Genotoxicity
Sixty-two publications examined associations of pesticide expo-
sure with cytogenetic or DNA damage (Table 2). Most publica-
tions were derived from cross-sectional studies that evaluated
DNA damage from accessible tissues, such as blood or buccal
cells, via comet assays, telomere attrition, or DNA methylation
of candidate genes. Eleven of the 62 publications focused on chil-
dren. Three of these 11 publications assessed exposure to OC
pesticides by measurement of blood or hair OC pesticide concen-
trations,46–48 whereas the remaining 8 examined exposure to a
mixture of pesticides including OP pesticides, pyrethroids, herbi-
cides, or “multiple pesticide classes” via questionnaire.30,49–55 Of
the 3 publications that measured blood or hair OC pesticide con-
centrations,46–48 2 were from cross-sectional studies of school-
age Mexican children and reported associations with genotoxic
damage—as indicated by DNA damage assessed via comet
assay47 or higher frequency of micronuclei and other nuclear
abnormalities in buccal cells.48 A third publication from a cross-
sectional investigation of mother–child pairs in Mexico reported
null associations with DNA and cytogenetic damage measured in
maternal blood at delivery and cord blood.46 Five publications
examining exposures to more than one pesticide class in children
from Mexico,49,51 Argentina,50,54 and Paraguay53 reported asso-
ciations of higher residential or parental occupational pesticide
exposure with cytogenetic damage—assessed via buccal micro-
nuclei and other nuclear abnormalities. Similarly, in a prospective
study of school-age children living near a tobacco-producing
region in Brazil, researchers found that malondialdehyde, protein
carbonyl, and vitamin C levels were higher at the beginning of
the pesticide application period than at the leaf harvest period.52

Table 1. Characteristics of Latin American and the Caribbean studies on
pesticide exposure and health outcomes published between 2007 and 2021
(n=233).

Characteristic n (%)

Study countrya

Argentina 21 (8.9)
Bolivia 6 (2.6)
Brazil 88 (37.4)
Chile 7 (3.0)
Colombia 9 (3.8)
Costa Rica 14 (6.0)
Dominican Republic 1 (0.4)
Ecuador 17 (7.2)
El Salvador 1 (0.4)
Guadeloupe 14 (6.0)
Jamaica 1 (0.4)
Mexico 46 (19.6)
Nicaragua 4 (1.7)
Paraguay 1 (0.4)
Peru 2 (0.8)
Venezuela 3 (1.3)
Study design
Cohort 41 (17.5)
Cross sectional 167 (71.7)
Case–control 25 (10.7)
Study population
Farmworkers 105 (45.1)
Other workers (e.g., vector control program workers) 9 (3.9)
General population 38 (16.3)
Mother–child pairs 27 (11.6)
Pregnant women only 6 (2.6)
Children only 48 (20.6)
Pesticide exposure assessment methodb,c

Indirect
Questionnaire only 103 (43.1)
Other (e.g., job status ascertained via death certificate or
surveillance system, residential proximity)

9 (3.8)

Direct
Cholinesterase activityd 57 (23.8)
Pesticides or pesticide metabolites measured in biological
matrix

70 (29.3)

Biological matrix used for pesticide exposure assessmente

Blood 99 (73.9)
Breast milk 2 (1.5)
Hair 4 (3.0)
Urine 28 (20.9)
Toenail 1 (0.7)
Pesticides assessedf

Insecticides in general (no class specified) 5 (1.6)
Organophosphates 81 (26.2)
Organophosphates and carbamatesg 20 (6.5)
Organochlorines 46 (14.9)
Pyrethroids 20 (6.5)
Neonicotinoids 2 (0.6)
Herbicides 21 (6.8)
Fungicides 11 (3.6)
Larvicides 1 (0.3)
Rodenticides 1 (0.3)
Natural pesticides 1 (0.3)
Multiple pesticide classes (unspecified) 100 (32.3)
Main health outcomesh

Genotoxicity 62 (24.0)
Neurobehavioral outcomes 54 (20.9)
Placental outcomes and teratogenicity 13 (5.1)
Cancer 14 (5.4)
Thyroid function 16 (6.2)
Reproductive outcomes 16 (6.2)
Birth outcomes and child growth 13 (5.1)
Other effects 70 (27.1)
Kidney functioni 9 (3.5)
Respiratory and allergic outcomesi 7 (2.7)
Liver injuryi 8 (3.1)
Hematological parameters and lipid profilei 17 (6.6)

Table 1. (Continued.)

Characteristic n (%)

Acoustic damagei 8 (3.1)
Othersi 26 (10.1)

an>233 because one published study (Maluf et al.245) was conducted in three countries
(Argentina, Brazil, and Mexico).
bA total of 125 published studies employed direct exposure assessment methods, with
some measuring both cholinesterase activity and pesticide metabolites concentrations.
Of these, 81 (65.3%) used data from the direct exposure assessment in exposure–out-
come analyses (e.g., some studies measured urinary biomarkers of exposure and ascer-
tained occupational status via questionnaire but only reported exposure–outcome
associations using occupational status).
cn>233 because some published studies employed more than one exposure assessment
method (e.g., measurement of cholinesterase activity in blood and urinary pesticide
metabolites).
dA total of 57 published studies measured cholinesterase activity only; 4 studies meas-
ured cholinesterase activity in addition to other pesticide metabolites.
eOnly for published studies with direct pesticide exposure assessment, but nine studies
measured pesticides in more than one biological matrix.
fn>233 because some published studies assessed multiple pesticide groups.
gExposure assessed via acetylcholinesterase activity monitoring and authors did not dif-
ferentiate if they were primarily examining organophosphates or carbamates.
hn>233 because some published studies assessed outcomes from more than one group.
iProportion of published studies that assessed this outcome out of all the studies included
in the review (n=233); total studies that assessed other health effects >70 because
some assessed multiple outcomes in this category (e.g., several published studies exam-
ined liver injury and hematological parameters).
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In contrast, 2 publications from small cross-sectional studies of
children from Colombia30 and Bolivia55 reported null associa-
tions of maternal occupational pesticide exposure—assessed via
questionnaire—and urinary atrazine concentrations with cytoge-
netic damage.

Thirteen publications from cross-sectional studies examined
associations of exposure to OP or carbamate pesticides with cyto-
genetic or DNA damage in adults, primarily among those occupa-
tionally exposed (Table 2). One cross-sectional study assessed
OP pesticide exposure via questionnaire only and reported higher
DNA damage—quantified via comet assay—among workers
compared with controls.56 The other 12 studies assessed exposure
to OP or carbamate pesticides using urinary dialkyl phosphate
(DAP) metabolite concentrations or blood cholinesterase (ChE)
measurements, but 11 of them evaluated exposure–outcome asso-
ciations using predetermined categorical exposure variables
based on occupation (e.g., high, moderate, and no exposure)57–65
or residence (e.g., rural or urban).66 Nine of these 11 publications
reported associations with genotoxic outcomes, such as changes
in DNA methylation patterns of candidate tumor suppressor
genes, among moderate- or high-exposure groups.57,59,61–67 Two
publications reported no differences in markers of cytogenetic or
DNA damage between exposed workers and controls.58,60 The
only cross-sectional study that used urinary DAP concentrations
in its exposure–outcome analyses reported null associations with
DNA methylation but observed group differences when OP pesti-
cide exposure was assessed as a categorical variable.68

Thirty-eight publications examined associations of exposure to
pesticides other than OCs, OPs, or carbamates or exposure to mul-
tiple pesticide classes with genotoxicity among adults (Table 2).
Twenty-five publications estimated occupational pesticide expo-
sure using questionnaire data only and all reported associations of
exposure to pesticides with increased cytogenetic damage, includ-
ing higher frequencies of chromosomal aberrations and micronu-
clei, DNA damage, oxidative stress, or telomere shortening.69–93
In addition, 10 publications from cross-sectional studies of farm-
workers/pesticide applicators and controls assessed pesticide ex-
posure using blood ChE measurements but only evaluated
exposure–outcome associations using categorical exposure varia-
bles.94–103 All 10 publications reported that occupational pesticide
exposure was associated with higher levels of DNA or cytogenetic
damage, such as higher frequencies of chromosomal aberrations,
nuclear buds, or cell death. Similarly, a publication from a cross-
sectional study in Argentina reported increased cytogenetic dam-
age among those living near agricultural fields (<500 m),104

whereas a publication from a cross-sectional study in Ecuador
reported null associations of residential use of the herbicide glyph-
osate with chromosomal aberrations frequency and karyogram
alterations.105 Last, a publication from a cross-sectional study of
rice field workers in Colombia reported associations of two pesti-
cide mixtures (one mixture of OC pesticides and one of carba-
mates)—assessed via measurement of pesticide metabolites in
blood and urine—withDNAdamage.106

Overall, studies published to date provide consistent evidence
of an association between exposure to different pesticide classes
such as OP pesticides and carbamates and genotoxic damage in
children and adults living in LAC countries. Notably, most of the
studies that have been published were cross-sectional in design,
assessed pesticide exposure via questionnaire, and had small
sample sizes.

Neurobehavioral Outcomes
Fifty-four publications, primarily derived from cross-sectional
studies, examined the potential neurobehavioral effects of pesticide
exposure in children, adolescents, and adults (Table 3). Twelve

of these 53 publications reported on the association between
exposure to OC pesticides and child neurodevelopment107–115; 6
publications focused on the same Mexican cohort,107–109112–114 5
focused on the same Guadeloupean cohort,110,111,115–117 and 1 was
a cross-sectional study from Brazil. Three publications from the
prospective cohort study in Mexico reported that higher prenatal
dichlorodiphenyltrichloroethane (DDT) exposure—as indicated
by measurement of its primary breakdown product dichlorodiphe-
nyldichloroethylene (DDE) in serum—was associated with lower
psychomotor development during the first year of life,107 poorer
verbal and memory skills and a poorer general cognitive index at
3.5–5 years of age,112 and poorer spatial orientation at 5 years of
age.113 A fourth publication from the same cohort study reported
that maternal intake of omega-3 and -6 fatty acids during preg-
nancy modified the association of prenatal DDT exposure with
poorer motor and memory skills at 3.5–5 years of age,114 whereas
2 other publications from this cohort reported null associations of
prenatal DDT exposure with child neurodevelopment at 1
month109 and at 12–30 months of age.108 Four publications from
the prospective Guadeloupean cohort study reported that higher
cord blood concentrations of chlordecone—an OC pesticide that
was extensively used in banana plantations in the French West
Indies—were associated with impaired cognitive and motor func-
tion at 7 months of age,110 lower fine motor scores at 18 months of
age (among boys only),111,117 and poorer visual contrast sensitivity
at 7–8 years of age.115 A fifth publication from the Guadeloupean
cohort study reported null associations of prenatal and childhood
chlordecone exposure with sex-typed play behavior at 7 years of
age.116 The oneBrazilian cross-sectional study reported that higher
concentrations of several OC pesticidemetaboliteswere associated
with poorer performance intelligence quotient, resistance to dis-
traction, or processing speed at 6–16 years of age.118 The only pub-
lication that examined the association of OC pesticide exposure—
as indicated by measurement of b-hexachlorocyclohexane
(b-HCH), DDT, DDE, and dieldrin in serum—with neurodegener-
ative disorders among adults was from a cross-sectional study con-
ducted in Costa Rica and reported null associations.119

Eleven publications examined the association of OP or carba-
mate pesticides with neurobehavioral outcomes in children or
adolescents (Table 3). Six publications from cross-sectional stud-
ies in Ecuador reported that children and adolescents who lived
in floricultural communities—in which OP pesticides and carba-
mates are intensively used—or whose mothers worked as flori-
culturists during pregnancy had adverse neurobehavioral
outcomes, including poorer motor or socioindividual skills at 3–
61 months of age120,121; attention, executive function, and mem-
ory deficits at 4–9 years of age (in boys only)122; impaired motor
coordination, visual performance, and visual memory at
6–8 years of age123; and more depression symptoms at 11–17
years of age (particularly among girls).124,125 In line with these
findings, a seventh publication reported that Ecuadorian children
4–9 years of age who were examined sooner after the end of an
increased pesticide use period had lower attention/inhibitory con-
trol, visuospatial processing, and sensorimotor scores than chil-
dren examined later.126 A publication from a cross-sectional
study of Chilean school-age children who lived in agricultural
communities reported associations of OP pesticide exposure—as
indicated by measurement of urinary DAP metabolites—with
poorer processing speed.127 A publication from a prospective
cohort study in Mexico reported that prenatal exposure to the OP
pesticide chlorpyrifos—assessed by measurement of 3,5,6-
trichloro-2-pyridinol (TCPy) in maternal urine samples collected
during the third trimester of pregnancy—was associated with
increased attention problems in school-age boys and girls.128

Conversely, two cross-sectional studies found null or protective
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associations of OP pesticide exposure with neurodevelopmental
outcomes among children.121,129 In a publication from Ecuador,
investigators reported that maternal employment in the flower
industry or pesticide use on domestic crops at the time of child
assessment was associated with improved communication, gross
motor, and problem-solving skills at 24–61 months of age.130

A publication from Argentina reported null associations of OP
exposure—assessed via blood ChE levels—with motor function
and visuospatial processing at 7–10 years of age, but it also
reported worse neurodevelopmental outcomes among children
living in an agricultural community compared with those living
in a nonagricultural community.129

Eight publications examined the association of OP or carba-
mate pesticides with neurobehavioral outcomes and neurodege-
nerative disorders among adults (Table 3). Seven of the studies
described in these publications were cross-sectional and found
that workers exposed to pesticides (i.e., farmworkers and
endemic disease control agents) and adults who lived in agricul-
tural communities had impaired cognitive, executive function,
memory and attention, and verbal fluency skills131–134; poorer
discrimination sensitivity and deep reflexes132; increased odds of
polyneuropathy135; or increased odds of psychological distress
and suicidal ideation.136,137 Conversely, a publication from a
cross-sectional study in Brazil reported that farmworkers who did
not handle/apply pesticides—but who used less personal protec-
tive equipment (PPE) and had less training on safe pesticide use
practices—had more adverse health outcomes (e.g., feeling easily
tired, feeling worthless) than pesticide applicators.138

Seven publications from two prospective cohort studies, four
cross-sectional studies, and one case–control study examined the
associations of exposure to multiple pesticide classes with child
neurodevelopment (Table 3). Of these seven publications, four
assessed exposure using direct assessment methods139–142; two
examined exposure using predetermined categorical exposure
variables based on residence143 or proximity to treated agricul-
tural fields144; and one examined maternal pesticide exposure
history via questionnaire.145 A publication from a prospective
cohort study in Costa Rica found an association of prenatal expo-
sure to manganese (Mn)-containing fungicides—assessed by
measurement of urinary ethylenethiourea (ETU) as well as blood
and hair Mn in maternal samples collected during pregnancy—
with lower social–emotional and cognitive scores in children at 1
year of age.141 A publication from a prospective cohort study in
Mexico reported that prenatal exposure to pyrethroids—as indi-
cated by measurement of 3-phenoxybenzoic acid (3-PBA) in
maternal urine samples collected during the third trimester of
pregnancy—was associated with lower mental development
scores at 24 months of age, but not at 36 months of age.142

Notably, a publication from a cross-sectional study of school-age
children in Costa Rica reported that higher urinary 3-PBA con-
centrations were associated with poorer processing speed scores
(particularly in girls), but also that urinary TCPy concentrations
were associated with poorer working memory (among boys
only), visual–motor coordination, and decreased ability to dis-
criminate colors.140 In contrast, a publication from a small cross-
sectional study also conducted in Costa Rica139 reported null
associations of exposure to OP pesticides, pyrethroids, and herbi-
cides—assessed via pesticide-specific metabolites (e.g., urinary
3-PBA and TCPy concentrations)—and neurodevelopmental out-
comes among children 4–10 years of age. A publication from a
study conducted in Jamaica reported that maternal exposure to
pesticides from 3 months before pregnancy to the end of breast-
feeding was associated with an increased risk of autism spectrum
disorder.145 Last, two publications from cross-sectional studies in
Ecuador144 and Brazil143 reported that children and adolescents

who lived near agricultural fields in which OP pesticides and
other pesticide classes were extensively used had poorer neurode-
velopmental outcomes compared with those who lived farther
from the fields (or in nonagricultural communities), including
poorer cognitive skills, motor function, memory/learning, visuo-
spatial processing, or attention/inhibitory control.

Fifteen publications evaluated the neurobehavioral effects of
exposure to multiple pesticide classes, predominantly assessed
via occupational exposure history, among adults (Table 3).
Nine of these publications reported that workers exposed to pesti-
cides (i.e., farmworkers and endemic disease control agents),
farmworkers who had experienced an acute pesticide poisoning
(APP), and adults who lived in agricultural or rural communities
had cognitive impairment146,147; increased odds of minor psychi-
atric disorders such as depression, anxiety, and somatic
disorders148–152; suicidal ideation153,154; or an array of neurologi-
cal symptoms.151,155 Three publications from cross-sectional and
case–control studies conducted in Costa Rica119 and Brazil156,157

reported associations between exposure to multiple classes of
pesticides—assessed via questionnaire—and increased odds of
Parkinson’s disease. Notably, publications from two studies of
Brazilian workers reported null associations of pesticide exposure
with essential tremor158 and acute intoxication symptoms.159 A
publication from a small cross-sectional study of farmworkers in
Costa Rica reported a null association between exposure to Mn-
containing fungicides—assessed by measurement of toenail and
hair Mn concentrations—and cortical brain activity during a
working memory task.160

Overall, studies published to date provide consistent evidence
of associations between prenatal and childhood exposure to pesti-
cides such as OP pesticides and carbamates and impaired neuro-
development in LAC children and adolescents. Some of the
adverse neurodevelopmental outcomes that have been reported
include poorer cognition, memory, and attention, as well as anxi-
ety and depression. Publications from studies of farmworkers in
LAC countries also provide consistent evidence of associations
between exposure to multiple classes of pesticides—assessed
mainly via questionnaire—and impaired neurobehavioral per-
formance, psychological distress, suicidal ideation, and neurode-
generative disorders.

Placental Outcomes and Teratogenicity
Thirteen publications from seven cross-sectional studies, five
case–control studies, and one prospective cohort study reported
on the potential placental and teratogenic effects of pesticide ex-
posure (Table 4). Seven of these 13 publications reported on the
association of exposure to OC pesticides or multiple pesticide
classes with congenital malformations. A case–control study con-
ducted in Mexico reported that children whose mothers had
higher serum hexachlorobenzene (HCB), b-HCH, DDT, or DDE
concentrations at delivery had increased odds of cryptorchid-
ism.161 Similarly, publications from studies conducted in
Brazil162–164 and Mexico165 reported associations of parental
occupational pesticide use or environmental pesticide exposure
(e.g., being born in a floricultural community) before or during
pregnancy—ascertained via questionnaire—with increased odds
of congenital malformations, including male external genital mal-
formations. In contrast, publications from case–control studies in
Brazil166 and Guadeloupe167 found null associations between
pesticide exposure and malformations in general.

Six publications, all from cross-sectional studies conducted ei-
ther in Mexico or Argentina, reported on the associations between
exposure to OP or carbamate pesticides and placental outcomes
(Table 4). Each of these studies measured blood ChE or placental
carboxylesterase activity levels but used predetermined exposure
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categories (e.g., rural vs. urban) in exposure–outcome analyses.
Among the most prevalent outcomes associated with pesticide ex-
posure were alterations in lipid composition and oxidative status of
placental mitochondria,168,169 as well as changes in the expression
of placental cytokines and levels of placental enzymes (e.g., argi-
nase, ornithine decarboxylase).170 Publications from two cross-
sectional studies conducted in Mexico and in Argentina reported
that pesticide exposure was associated with a higher placental ma-
turity index171 and higher placental weight.54 Conversely, three
publications from Argentina reported largely null associations
with placental morphological parameters (e.g., weight, placental
weight to neonate weight ratio).169,170,172

To date, a small number of publications have reported on the
association of pesticide exposure with placental or teratogenic out-
comes in LAC populations and their findings are inconsistent.
Some published studies found associations of exposure to OCs,
OPs/carbamates, and multiple pesticide classes (retrospectively
assessed via questionnaire in case–control studies) with outcomes
such as alterations in lipid composition and oxidative stress of pla-
cental mitochondria and increased odds of congenital malforma-
tions. Other studies observed null associations with outcomes such
as placental morphological parameters and risk ofmalformations.

Cancer
Fourteen publications examined the association of pesticide expo-
sure with cancer or cancer-related mortality in children or adults
(Table 5). Thirteen publications reported findings from case–
control studies; 12 of these studies used indirect exposure assess-
ment methods (i.e., questionnaires or death certificates indicating
occupation at the time of death) and 11 examined multiple pesti-
cide classes. Two studies, 1 case–control and 1 prospective cohort,
examined associations of serum OC pesticide concentrations with
the risk of prostate cancer or prostate cancer recurrence.173,174

Five publications reported that children whose mothers were
occupationally or environmentally exposed to pesticides before,
during, or after pregnancy had increased odds of leukemia.175–179

For instance, in a Brazilian case–control study, children whose
mothers were exposed to pyrethroid insecticides during preg-
nancy had increased odds of acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML) at 0–23 months of
age.178 Similarly, in a Costa Rican case–control study, boys, but
not girls, whose mothers reported using insecticides inside their
homes in the year before pregnancy, during pregnancy, and while
breastfeeding had increased odds of childhood ALL.175 Maternal
report of pesticides sprayed on farms or companies near the
home during pregnancy and while breastfeeding was also associ-
ated with childhood ALL in the Costa Rican study.175 Another
publication from this Costa Rican case–control study reported
that children whose fathers were occupationally exposed to any
pesticide during pregnancy, but particularly the second trimester,
had increased odds of leukemia.176

Five publications examined the association of pesticide expo-
sure with breast cancer,180,181 cutaneous melanoma,182 prostate
cancer,174 and prostate cancer recurrence173 in adults. Two publi-
cations reported that women who reported using insecticides in
their homes during adulthood (>18 years of age)180 or who lived
near agricultural fields181 had increased odds of breast cancer.
Another publication found that study participants who were ever
exposed to pesticides had increased odds of cutaneous melanoma,
with stronger associations among those with indoor residential
pesticide exposure, particularly for those with a high frequency
of use (≥4 times per year) or long duration of exposure
(>10 y).182 In addition, two studies from Guadeloupe reported
associations of serum concentrations of two OC pesticides,

DDE and chlordecone, with increased risk of prostate can-
cer174 or its biochemical recurrence.173

Four publications assessed the association of occupational
pesticide exposure with mortality by non-Hodgkin lymphoma183
or esophageal,184 brain,185 or stomach186 cancer in adults using
death certificate data to ascertain occupation at the time of death.
More specifically, a publication from a study conducted in Brazil
reported mostly null associations between agricultural work and
the risk of death by non-Hodgkin lymphoma.183 Conversely,
three publications reported that farmworkers had increased odds
of dying from esophageal, brain, and stomach cancers than non-
farmworkers; two of these publications also reported increased
odds of dying from brain185 and stomach186 cancer among farm-
workers who lived in the areas of greatest pesticide use.

The small number of studies published to date and included in
this scoping review provide somewhat consistent evidence of
associations between maternal pesticide exposure before or dur-
ing pregnancy and increased risk of leukemia among LAC chil-
dren. In addition, eight of nine publications of studies conducted
in adults reported evidence of residential or occupational pesti-
cide exposure with an increased risk of various types of cancer or
death by cancer. Nevertheless, these findings must be interpreted
with caution given that all studies assessed exposure to multiple
pesticide classes via questionnaire and examined different types
of cancer.

Thyroid Function
Sixteen publications from 10 cross-sectional studies and 6 pro-
spective cohort studies reported on the associations of pesticide
exposure with thyroid function (Table 6). Four of these 16 publi-
cations examined the potential thyroid effects of OC pesticide ex-
posure—assessed via measurement of OC pesticide metabolites
in blood or breast milk—among children.117,187–189 Briefly, a
publication from a cross-sectional study of mother–newborn pairs
in Bolivia reported null associations of cord blood DDT and
DDE concentrations with neonatal thyroid-stimulating hormone
(TSH) levels.188 However, a publication from a cross-sectional
study of Brazilian children (0–14 years of age) found that higher
concentrations of 17 (of 19) OC pesticides, including DDE and
DDT but not chlordecone, were associated with increased levels
of total triiodothyronine (T3) or free thyroxine (T4), but not with
TSH.187 Two publications from a prospective cohort study in
Guadeloupe reported associations of early-life chlordecone expo-
sure—as indicated by measurement of chlordecone in cord blood
and breast milk samples—with elevated TSH or decreased T3
and T4 at 3 months and at 7 years of age, with some evidence of
effect modification by sex.117,189

Five publications reported on the association between expo-
sure to OC pesticides and thyroid function in adults (Table 6). A
publication from a cross-sectional study of individuals living
near an abandoned pesticide factory in Brazil reported various
associations of OC pesticide concentrations with thyroid hor-
mone levels, which differed between men and women.190 For
example, among men, higher endosulfan 2 concentrations were
associated with decreased T3 levels, whereas higher b-HCH and
DDT concentrations were associated with decreased free T4 lev-
els. Among women, higher a-chlordane, DDT, endosulfan 2, and
methoxychlor concentrations were associated with increased T3
levels, whereas higher HCB, heptachlor, and DDT concentrations
were associated with increased T4 levels.190 A publication from a
cross-sectional study of farmworker families in Brazil also
reported associations of several OC pesticide concentrations with
increased TSH (i.e., c-chlordane), total T3 (i.e., c-chlordane,
b-HCH, heptachlor epoxide B, trans-nonachlor, DDE, and endo-
sulfan 2), or free T4 (i.e., dieldrin).191 Two publications from
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different prospective cohort studies in Mexico reported associa-
tions of serum DDE concentrations with increased total T3 or T4
levels among male floriculture workers192 and pregnant women
living in a floriculture area.193 In addition, a cross-sectional study
of Colombian farmworkers and their partners found associations
of serum DDE, heptachlor, endosulfan 1, and three or more OC
pesticides with increased odds of subclinical hypothyroidism.194

Six publications examined associations of OP or carbamate
pesticide exposure—assessed by measurement of urinary DAP
metabolite concentrations or blood ChE activity—with thyroid
function (Table 6), but only one focused on children.195 The latter
publication from a cross-sectional study of Ecuadorian adoles-
cents living in agricultural areas reported that lower acetylcholin-
esterase (AChE) activity was associated with increased free T4
and decreased TSH levels among girls, but not boys.195 Two pub-
lications from a prospective cohort study of adult floriculture
workers in Mexico reported that higher DAP metabolite concen-
trations were associated with increased TSH and total T4
levels196 and that these associations were modified by paraoxo-
nase 1 (PON1192RR).197 Similarly, a publication from a cross-
sectional study in Brazil reported increased TSH, but also
decreased T3 and T4 levels, among farmworkers compared with
unexposed controls.198 In contrast, two publications from cross-
sectional studies in Mexico199 and Venezuela200 reported null
associations of occupational or para-occupational exposure to OP
pesticides with thyroid hormone levels. Last, a publication from a
cross-sectional study in Brazil examined associations between
exposure to multiple pesticide classes—ascertained via question-
naire—and thyroid function among adults and reported associa-
tions of recent use of dithiocarbamate fungicides with decreased
TSH levels, recent use of k-cyhalothrin (pyrethroid insecticide)
with decreased free and total T4 levels, and recent use of para-
quat (herbicide) with decreased free T3 levels.201 Overall, pub-
lished studies on the associations of pesticide exposure and
thyroid function among LAC populations have reported mixed
findings with notorious differences between pesticide active
ingredients, age groups, and sexes.

Reproductive Outcomes
Sixteen publications reported on the association of pesticide ex-
posure with reproductive outcomes such as reproductive hormone
profiles among adults (Table 7). Four of these 16 publications
focused on OC pesticide exposure and used direct pesticide expo-
sure assessment methods.189,202–204 A publication from a pro-
spective cohort study in Guadeloupe reported that higher cord
blood chlordecone concentrations were associated with elevated
androsterone and testosterone in 7-y-old boys and girls.189
Notably, a publication from a prospective cohort study of male
floriculture workers in Mexico reported that higher serum DDE
concentrations were associated with decreased prolactin and tes-
tosterone, but also with increased inhibin B.202 A publication
from a cross-sectional study of individuals living near an aban-
doned pesticide factory in Brazil (mentioned above) reported that
higher serum heptachlor and DDT concentrations were associated
with decreased testosterone levels among men and that higher se-
rum aldrin, HCB, DDT, endosulfan 2, and mirex concentrations
were associated with increased estradiol levels, decreased lutei-
nizing hormone (LH) levels, or decreased follicle-stimulating
hormone (FSH) levels among peri-/postmenopausal women.203
Furthermore, a publication from a case–control study in Brazil
reported that infertile women had higher detectable serum DDE
concentrations than fertile women.204

Seven publications examined associations of OP or carbamate
pesticide exposure with reproductive outcomes, six ascertained ex-
posure via urinary DAPmetabolites or blood ChE levels,200,205–209

and one assigned exposure based on the season of sample collec-
tion (spray vs. nonspray)210 (Table 7). A publication from a pro-
spective cohort study in Mexico reported lower sperm volume
and count among farmworkers who sprayed OP pesticides com-
pared with non-farmworkers, but mostly null associations
between urinary DAP metabolite concentrations and seminal
parameters.209 Three publications from cross-sectional studies
conducted in Peru,208 Mexico,207 and Venezuela200 reported
increased seminal pH, lower percentage of live sperm, and lower
seminal fructose levels among farmworkers compared with non-
farmworkers. The study conducted in Venezuela also reported
that lower butyrylcholinesterase (BChE) activity was associated
with an increased damage to sperm chromatin among farm-
workers.200 A publication from a cross-sectional study of male
floriculture workers in Mexico reported that higher urinary DAP
metabolite concentrations were associated with decreased
inhibin B, FSH, or LH levels, but also with increased testosterone
levels.207 Another publication based on the same study popula-
tion reported that higher urinary DAP metabolite concentrations
were associated with increased FSH and prolactin levels, but
decreased testosterone and inhibin B levels.205 Last, although
one publication from a prospective cohort study of pregnant
women in Argentina reported a weak association between higher
AChE activity and increased progesterone levels,206 a cross-
sectional study of women in Argentina reported no difference in
progesterone and estradiol levels measured in the spray and non-
spray seasons.210

Five publications from four cross-sectional studies and one ret-
rospective cohort study reported on the associations of exposure to
pesticides other than OCs, OPs, or carbamates or exposure to mul-
tiple pesticide classes with reproductive outcomes (Table 7). All
studies relied on questionnaires to assess environmental or occu-
pational pesticide exposure,201,211–213 but one of them also meas-
ured blood ChE activity.214 Two publications from studies
conducted in Brazil214 and Venezuela213 reported associations of
pesticide exposure with reduced sperm quality—as indicated by
parameters such as decreased sperm concentration and higher
sperm DNA fragmentation index—among farmworkers/rural
men compared with controls/urban men. The publication from
the cross-sectional study conducted in Brazil also reported that
men living in rural areas and who mixed or applied pesticides
had increased testis volume, decreased LH levels, or increased
testosterone:LH ratios compared with men living in rural areas
and who did not mix or apply pesticides, but the publication
reported null associations of blood ChE activity with reproduc-
tive hormones and semen quality.214 A publication from another
cross-sectional study in Brazil reported that recent use of fungi-
cides in general, k-cyhalothrin (pyrethroid insecticide), and
phthalimide (fungicide) was associated with increased LH levels
in men living in agricultural communities.201 A cross-sectional
study of reproductive-age women in Venezuela found that
women who were occupationally exposed to pesticides had lon-
ger menstrual cycles than those who were not exposed.212 Last, a
publication from a retrospective cohort of fertile women aerially
exposed to glyphosate in Colombia reported null associations
with fecundability.211

Overall, publications from studies conducted to date provide
some evidence of associations between exposure to pesticides,
particularly OC pesticides, OP pesticides, and carbamates, with
reproductive outcomes such as infertility, changes in sex hor-
mone levels (e.g., testosterone and estradiol), and alterations in
semen quality among adults in LAC countries. Although 10 of 16
studies employed direct exposure assessment methods, most
were cross-sectional in design and had small sample sizes, limit-
ing causal inference.
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Birth Outcomes and Child Growth
Thirteen publications reported on the association of pesticide ex-
posure with birth outcomes and infant/child growth (Table 8). Of
the 13 publications, 7 focused on OC pesticides,188,215–217 4 on
OP pesticides or carbamates,54,169,172,210 1 on Mn-containing
fungicides,218 and 1 on multiple pesticide classes.219 A publica-
tion from a small cross-sectional study in Brazil reported null
associations of maternal and newborn contamination indices—
estimated using metal and OC pesticide concentrations measured
in maternal blood at delivery and cord blood—with birth out-
comes.217 In contrast, a publication from a cross-sectional study
of mother–newborn pairs from Bolivia reported that higher cord
blood DDT concentrations were associated with lower birth
weight, whereas higher cord blood DDE concentrations were
associated with higher birth weight and shorter gestation
length.188 Publications from two prospective cohort studies in
Mexico reported null associations of prenatal DDT or DDE expo-
sure with birth outcomes and child growth during the first year of
life216 and up to 43 months of age.215 Three publications from a
prospective cohort study in Guadeloupe reported that higher cord
blood chlordecone concentrations were associated with shorter
length of gestation and increased risk of preterm birth,220 lower
birth weight in children whose mothers gained a large amount of
weight during pregnancy,221 and higher body mass index (BMI)
at 3–18 months of age.222

Four publications from cross-sectional studies in Argentina
examined the association between prenatal OP pesticide exposure
and fetal growth. Two of them reported a lower mean birth weight
among mother–newborn pairs from a rural area compared with
controls,54,169 whereas the other two found no differences in
growth parameters between exposure groups.172,223 A publication
from a prospective cohort study conducted in Argentina reported
lower birth length and smaller head circumference in children liv-
ing in proximity to pesticide applications compared with those liv-
ing in an urban area.219 Finally, a publication from a prospective
cohort study of mother–newborn pairs living near banana planta-
tions aerially sprayedwithMn-containing fungicides in Costa Rica
found that maternal Mn concentrations in hair, but not blood, were
positively associated with infant chest circumference.218

Overall, the small number of published studies that have
examined the association of pesticide exposure with birth size
and child growth in LAC populations have reported mixed find-
ings. More specifically, about half of the studies found some evi-
dence of adverse outcomes and the other half reported null
associations.

Other Health Problems
Kidney function. Nine publications reported on the association
between pesticide exposure—ascertained only via questionnaire—
and kidney function (Table 9). Notably, six of these nine publica-
tions reported null associationswith estimated glomerularfiltration
rate (eGFR) levels or prevalence of chronic kidney disease
(CKD).224–229 In contrast, a publication from a cross-sectional
study conducted in Nicaragua reported that accidental pesticide in-
halation (ever), but not lifetime days of mixing/applying pesticide
or lifetime days of working in fields with pesticide use, was associ-
ated with reduced eGFR.230 A publication from a cross-sectional
study in Mexico reported a reduction in eGFR levels among mi-
grant and seasonal farmworkers (who did not apply or mix pesti-
cides) from preharvest to late harvest, as well as lower GFR levels
among farmworkers who worked in conventional fields compared
with those who worked in organic fields.231 Last, a publication
from a prospective cohort study of school-age children from a
tobacco-producing region in Brazil reported increased levels ofT
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microalbuminuria at the beginning of the pesticide application pe-
riod compared with the leaf harvest period, suggesting that chil-
dren environmentally exposed to xenobiotics in rural areas may
suffer from early kidney dysfunction.52

Respiratory and allergic outcomes. Seven publications from
three cross-sectional studies, two prospective cohort studies, and
one case–control study reported on the associations of pesticide
exposure with respiratory and allergic outcomes (Table 9).
Publications from all three cross-sectional studies focused on occu-
pational exposure to pesticides,232–234 but only one examined
exposure–outcome associations using direct methods of pesticide
exposure assessment.234 One of the publications reported
increased odds of wheeze and shortness of breath among Costa
Rican female farmworkers exposed to chlorpyrifos and terbufos
compared with the control group (organic farmworkers/unexposed
women) but found no differences in lung function between
groups.232 In contrast, a cross-sectional study of farmworkers and
their relatives living in rural areas in Brazil observed associations
between years of working with pesticides and pesticide handling
frequency with decreased pulmonary function.233 A publication
from a study of Colombian farmworkers reported that those
exposed to mixtures of pesticides containing paraquat—assessed
via urinary biomarkers—and profenofos or glyphosate—assessed
via questionnaire—had an increased prevalence of allergic rhini-
tis.234 This publication also reported that farmworkers chronically
exposed to paraquat had an increased prevalence of self-reported
asthma.

Four studies examined the potential effects of pesticide expo-
sure on respiratory and allergic outcomes among mothers and
their children. For instance, a publication from a prospective
cohort study in Costa Rica reported that self-reported current pes-
ticide use near the home (yes/no) and higher urinary concentra-
tions of 5-hydroxytiabendazole (5-OH-TBZ)—a metabolite of
the fungicide thiabendazole—were associated with increased
odds of asthma among mothers, whereas previous work in agri-
culture was associated with decreased odds of rhinitis but
increased odds of eczema.235 A publication from this same cohort
study in Costa Rica reported an association between high urinary
ETU concentrations during the first half of pregnancy and
increased odds of lower respiratory tract infections (LRTIs) in
the first year of life.236 This publication also reported that high
ETU concentrations during the second half of pregnancy were
associated with decreased odds of wheezing in the first year of
life. Notably, a publication from a prospective cohort study in
Mexico reported null associations of prenatal DDT or DDE expo-
sure with LRTIs months among boys assessed up to 30 months of
age.237 At last, a publication from a case–control study of school-
age children in Brazil reported that factors such as living close to
agricultural activity, and aerial pesticide spraying near the home
were associated with increased odds of uncontrolled asthma at 6–
7 and 13–14 years of age.235

Liver injury. Eight publications reported on the association of
pesticide exposure with markers of liver injury (Table 9). Six of
the eight publications were from studies that ascertained pesticide
exposure only via questionnaire,81,88,206,238–240 whereas two stud-
ies measured blood ChE241 or blood b-glucuronidase activity.242

A publication from a cross-sectional study in Mexico reported
that a higher activity of b-glucuronidase—a sensitive biomarker
of OP pesticide exposure243,244—was associated with increased
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and gamma-glutamyl transpeptidase (GGT) levels.242

Notably, a publication from a cross-sectional study conducted in
Brazil reported null associations of AChE and BChE activities
with markers of liver injury, but it also reported that farmworkers
had lower AST and ALT levels than controls.241 In contrast, a

publication from a second study in Brazil reported higher AST
levels in farmworkers than in controls during the high pesticide
exposure period, but it also reported lower ALT levels in farm-
workers during both the high and low pesticide exposure peri-
ods.239 A publication from a prospective cohort study of rural
pregnant women environmentally exposed to OP pesticides in
Argentina reported higher AST, but not ALT, levels during the
spraying period compared with the prespraying period.206

Likewise, a publication from a cross-sectional study conducted in
Brazil reported higher AST and ALT levels in Brazilian female,
but not male, farmworkers occupationally exposed to multiple
classes of pesticides than in controls.238 A published cross-
sectional study conducted in Ecuador also found that women liv-
ing in one agricultural community, but not women living in
another agricultural area, had a greater percentage of ALT and
AST levels exceeding normal levels compared with controls.81 A
publication from a separate cross-sectional study in Brazil
reported lower alkaline phosphatase levels in farmworkers who
had worked with pesticides than in those who had not.88 Last, a
publication from a cross-sectional study of individuals living
close to an uncontrolled contaminated site containing the residues
and leftovers of a deactivated OC pesticide factory in Brazil
reported null associations of pesticide exposure with markers of
liver injury.240

Hematological parameters and lipid profiles. Fourteen publi-
cations reported on the associations of pesticide exposure with
hematological parameters (Table 9). Twelve of the 14 publications
relied on questionnaires to assess environmental or occupational
pesticide exposure52,54,73,81,94,96,98,238,245–248; only 2 ascertained
exposure via direct exposure assessment and used these measure-
ments in their exposure–outcome analyses.242,249 Four publications
reported null associations with hematological parameters.54,94,98,238

Conversely, 2 publications from cross-sectional studies con-
ducted in Mexico96 and Ecuador81 reported higher hemoglobin
and hematocrit levels in those occupationally or environmentally
exposed to pesticides than in those unexposed. In addition, a
publication from a different cross-sectional study in Mexico
(mentioned above) found that higher b-glucuronidase activity
was associated with higher hemoglobin and hematocrit levels.242 A
case–control study conducted in Brazil, Argentina, and Mexico
found increased odds of aplastic anemia among adults exposed to
pesticides.245

A publication from a cross-sectional study in Brazil reported
decreased neutrophils and monocytes among tobacco farm-
workers exposed to multiple pesticide classes, but not among
controls.73 Notably, a publication from a prospective cohort study
of school-age children from a tobacco-producing region in Brazil
(mentioned above) also reported lower numbers of neutrophils,
monocytes, and basophils, but higher hemoglobin levels and lym-
phocytes, at the beginning of the pesticide application period
compared with the leaf harvest period.52 Similarly, a publication
from a cross-sectional study of Brazilian farmworkers and their
families reported that detectable serum concentrations of various
OC pesticides [i.e., hexachlorocyclohexane (HCH), aldrin, hepta-
chlor, trans-nonachlor, endosulfan, endrin, DDT, DDE, and
methoxychlor] were associated with lower numbers of white
blood cells, particularly monocytes and eosinophils.249 This pub-
lication also reported that detectable serum concentrations of
c-chlordane were associated with lower hemoglobin levels.
Last, cross-sectional studies conducted in Brazil246,247 and
Colombia248 reported associations between farm work, length of
pesticide exposure (i.e., >10 y), and exposure during the harvest
period with alterations in various hematological parameters,
including hemoglobin levels and number of leukocytes, platelets,
and monocytes.
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Eight publications reported on associations between pesticide ex-
posure and lipid profiles in LAC populations (Table 9); three of them
reported null associations.94,96,98 Two publications from cross-
sectional studies conducted in Ecuador81 and Mexico250 reported
lower cholesterol or low-density lipoprotein levels among individuals
with high pesticide exposure compared with those with moderate or
no exposure. The study in Mexico also found associations of higher
blood BChE activity with higher cholesterol, triglyceride, very low-
density lipoprotein, or total lipid levels, but these associations varied
by BMI.250 A publication from another cross-sectional study in
Mexico (mentioned above) found that higher b-glucuronidase activ-
ity was associated with higher cholesterol, triglyceride, and total lipid
levels, but alsowith lower high-density lipoprotein levels.242 A publi-
cation from a cross-sectional study of coffee harvesters in Colombia
exposed to OP pesticides reported that higher blood BChE activity
was associated with hypercholesterolemia (defined as total choles-
terol ≥200 mg=dL).251 Conversely, a cross-sectional study in Brazil
reported higher total cholesterol levels among farmworkers who had
notworkedwith pesticides.88

Acoustic damage. Eight publications from cross-sectional stud-
ies conducted in Brazil evaluated the association of exposure to ei-
ther the OP pesticide malathion or several pesticide classes—
assessed via questionnaire—with hearing problems (Table 9).
Seven of the eight publications reported that elevated pesticide ex-
posure was associated with acoustic damage, as indicated by poorer
performance in tests such as the Distortion Product Otoacoustic
Emissions (DPOAE) test, the Transient Stimulus Otoacoustic
Emissions (TSOAE) test, the Duration Pattern test (DPT), and the
Gaps-in-Noise test (GIN).252–258 In contrast, a publication from a
small cross-sectional study of rural workers in Brazil reported null
associations betweenAChE activity and hearing loss.259

Other outcomes. Single publications reported on the associa-
tions of pesticide exposure with various health outcomes (Table 9).
Overall, these publications—which were primarily from cross-
sectional studies that ascertained exposure solely through question-
naires—reported associations of exposure to several classes of pesti-
cides with a variety of outcomes, including changes in blood
pressure,251,260–262 diarrhea,263 rheumatoid arthritis,264 high blood
glucose levels242 and glutathione S-transferase activity,265 sleep dis-
orders,266 skin problems,62,84,103,267,268 thoracic spine and neck
pain,269,270 changes in interleukin expression,102 overweight/obe-
sity,271 green tobacco sickness,272 and death273–275; however,
results should be interpreted with caution given the limited weight
of evidence. In addition, some publications reported that pesticide
exposure was associated with poorer general health status or symp-
toms of APP (e.g., fatigue/tiredness, nervousness, headache, anxi-
ety, and depression).57,62,84,103,138,159,223,267,268,276,277

Overall, publications from studies conducted to date provide
somewhat consistent evidence of the associations between pesti-
cide exposure with acoustic damage and changes in markers of
liver injury (e.g., when comparing exposed with unexposed or
when comparing exposed during the spraying and prespraying
season). Conversely, published studies that have examined the
associations of pesticide exposure with kidney function, respira-
tory/allergic outcomes, and hematological parameters and lipid
profiles in LAC populations have reported mixed findings. All
these reported associations need to be interpreted with caution
given that most published studies were relatively small, cross-
sectional in design, and assessed exposure to multiple classes of
pesticides via questionnaire.

Discussion
The results of our scoping review provide some evidence that ex-
posure to pesticides may adversely impact the health of LAC
populations. For instance, we observed that occupational and

residential exposure to OP pesticides or several pesticide classes
was consistently associated with higher levels of increased chro-
mosomal aberration frequency, nuclear buds, oxidative stress, or
cell death. We also observed relatively consistent evidence of the
adverse neurobehavioral effects of elevated OP pesticide and car-
bamate exposure levels, particularly among children and farm-
workers. The latter finding is in line with those of previous
systematic reviews on the neurobehavioral effects of OP pesticide
exposure.23,36,37,40,278,279 Published studies on teratogenicity and
placental outcomes, cancer, thyroid function, reproductive out-
comes, and birth outcomes and child growth were largely hetero-
geneous in terms of pesticide exposure and outcome assessment
methods and their results were mixed. Findings on other health
outcomes, including respiratory and allergic effects, were too
sparse to discern the directionality of an effect, if any.

To our knowledge, only one literature review besides ours has
focused on the health effects of pesticide exposure in different
populations from a specific region of the world.280 This system-
atic literature review of all research on environmental and human
health issues associated with pesticide exposure in sub-Saharan
Africa published between 2006 and 2021 reported some findings
consistent with ours.280 For example, the review of sub-Saharan
Africa literature found that OC and OP pesticides were the pesti-
cides classes most frequently studied in the region. In our scoping
review, we found that OC and OP pesticides such as DDT, endo-
sulfan, and chlordane—pesticides that have been banned by
countries in the European Union and the United States281–283—
were among the pesticides classes most frequently examined in
the LAC region. Both reviews identified that published studies
were primarily cross-sectional in design and relied largely on
indirect pesticide exposure assessment methods (e.g., question-
naire, job status ascertainment). Notably, the most frequently
examined health effects in sub-Saharan Africa studies were signs
and symptoms of APP (self-reported and doctor-diagnosed),
whereas genotoxicity and neurobehavioral outcomes were the
most frequently assessed among LAC populations.

As more research on the health effects of pesticide exposure is
conducted in LAC countries, we believe that it is critical to address
three fundamental limitations to the current body of literature. First,
there must be a more widespread investment in research capacities
across the LAC region. In our scoping review, we identified studies
from 16 of the 43 LAC countries and territories, and 2 countries—
Brazil andMexico—accounted for nearly 60% of the included stud-
ies. Central American countries (except for Costa Rica) and
Caribbean territories were among those with the lowest research
outputs, and evidence suggests that efforts to increase research
capacities often focus on the countries with some existing
capacity,284 perpetuating health inequities in countries with the low-
est levels of research and support. Second, future research must
address limitations in study design and data collection to increase
the rigor and robustness of epidemiological findings. Given the lim-
ited funding to develop infrastructure and conduct research in most
LAC countries,285 most studies included in this review were small
cross-sectional studies—which are important in terms of hypothesis
generation but have limited causal inference. In addition, nearly half
of the studies included in this review relied on indirect exposure
assessment methods (e.g., questionnaires or exposure classification
based on self-report, job title, or area of residence), whichmay result
in exposure misclassification that could bias epidemiological find-
ings toward the null286–288 and potentially account for conflicting
study findings.289 Self-reported pesticide exposure may be particu-
larly prone to recall bias288,289 and may be worsened under certain
conditions, including studies of participants with low educational
attainment or high residential mobility.290 Furthermore, pesticide
use in LAC countries varies by crop and season—which causes
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significant exposure variation, both in terms of intensity and chemi-
cal composition291—and farmworkers or pesticide applicators are
often not informed of the specific pesticide active ingredients used
in their farms.233,277,292 In our scoping review, most of the studies
that assessed pesticide exposure via biomonitoring relied on
analysis of a single sample and may have not accurately captured
chronic exposure to pesticides with short biological half-lives
and high inter- and intra-individual variability,293,294 which are
frequently used in LAC countries. This potential exposure misclas-
sification due to single time point sampling may have biased study
findings toward or away from the null, depending on the time in
which the exposure was captured. Last, studies included in our
review employed a wide range of health outcome assessment meth-
ods, which were often not validated nor considered gold standards,
hindering comparisons of study findings across populations within
and outside of the LAC region. Third, studies should employ more
robust statistical analyses andmore systematic reporting ofmethods
and results to facilitate comparisons across study populations. We
found that many studies lacked clear presentation of key informa-
tion, such as the covariates used inmultivariable analyses or the spe-
cific pesticide(s) being examined (e.g., some publications solely
indicated they collected samples to be analyzed for AChE activity,
and we inferred they were examining OPs and carbamates). In addi-
tion, multiple studies did not report effect estimates and simply
reported the prevalence of the outcome among exposed and unex-
posed groups. Strengthening research capacity in the LAC region is
needed to increase the rigor of epidemiological studies and generate
robust evidence regarding associations between pesticide exposure
and its health effects.

In addition to addressing the limitations raised above, several
knowledge gaps remain regarding the health effects of pesticides in
LAC populations. As an example, a limited number of studies
included in our review have assessed exposure to current-use pesti-
cides that are applied widely in the LAC region and the rest of the
world, such as pyrethroids, glyphosate, neonicotinoids, and fungi-
cides.20,295–297 Similarly, few studies have examined the health
effects of early-life exposure to pesticides—a critical period of
brain298,299 and lung300,301 development—or the effects of pesti-
cides on common chronic diseases, such as cardiometabolic disor-
ders and neurodegenerative diseases.302,303 Although farmworkers
and those living in agricultural areas are simultaneously exposed to
numerous pesticides,304 only three studies have examined the health
effects of exposure to pesticide mixtures using statistical methods
that accounted for copollutant confounding.82,106,234 More studies
are needed to understand the true independent and aggregate effect
of exposure to mixtures of pesticides,305,306 which may require
more widespread training of researchers in environmental mixtures
methods. Finally, it is increasingly understood that the health effects
of environmental chemicals may be due in part to interactions with
nonchemical exposures, such as poverty, neighborhood violence,
and malnutrition.307–310 Socioeconomically disadvantaged popula-
tions in LAC countries, such as immigrants or indigenous people,
have less access to legal protections and are frequent victims of
unregulated work arrangements, leading to disproportionately high
levels of pesticide exposure292 and potentially more adverse health
outcomes. Nevertheless, few of the studies included in our scoping
review examined the joint effects of pesticides and unique psycho-
social stressors experienced by populations in the region.

Recommendations for Future Research
In LAC countries and territories, generating robust evidence on
the health effects of pesticide exposure is essential to inform agri-
cultural policies and public health surveillance programs aimed
at post-registration control of pesticides and the development and
implementation of pesticide safety guidelines. Given the resource

limitations and sociocultural context of agricultural populations
across the LAC region, potential areas of prioritization for future
work include the following:

• Increasing funding for research and capacity building. The
Pan American Health Organization (PAHO), a regional
office of the World Health Organization (WHO) for the
Americas, has called for strengthening research in each
member country to promote health equity and socioeco-
nomic development.311 Given the widespread use of pesti-
cides across the LAC region, it is imperative to strengthen
institutional capacities to produce research and generate ro-
bust evidence that could be used to inform national and re-
gional health policies. For example, difficulties associated
with pesticide biomonitoring may be amplified in studies
conducted in LAC countries owing to limited laboratory
capacity and availability of analytical techniques to measure
biomarkers of exposure. In addition, insufficient funding and
infrastructure limit the ability to carry out large-scale epide-
miological studies, which may contribute to the widespread
reliance on small cross-sectional studies.

To improve the quality and quantity of health research in
the LAC region, capacity building must become a key com-
ponent of global research funding, with a focus on countries
where the infrastructure and capacity do not currently
exist.285 Although some models have proposed increased
“North–South” collaborations, these projects often align
with the priorities of the funders, rather than the countries’
needs, and few projects have resulted in sustainable long-
term partnerships that are equitable to the investigators in the
home countries where the research was conducted.312 We
recommend that any collaborations with institutions outside
of the LAC region explicitly include local researchers in the
design and implementation of the study,313 focus on capacity
development in the country, and critically examine power
dynamics to ensure more equitable partnerships where the
research is tailored to the needs of the local populations.314

• Increasing collaboration within the LAC region. Beyond
collaborations outside of the LAC region, we recommend
increasing research synergies and the development of more
interdisciplinary research teams across LAC countries. For
example, the creation of networks of researchers within the
region could contribute to the homogenization of exposure
and health outcomes assessments (e.g., specific test or scale
employed, age of assessment) and the systematization of
reporting methods and results in publications, improving the
ability to compare and synthesize results across studies.
Previous literature discussing the need for increased research
synergies in the LAC region have specifically focused on sup-
porting early career researchers through initiatives such as in
the development of national and regional graduate programs
that strengthen regional collaborations, enable sustainable
research careers, and decrease the high mobility of doctoral
students and early career researchers outside of the region.315

Although farming systems and ecological conditions vary
across the LAC region,316 increased homogenization of
research within the region could potentially contribute to the
homogenization of regulatory decisions, such as banning
particular hazardous pesticides that are subject of interna-
tional conventions and agreements, improving management
and control of pesticides, restricting dispersive pesticide
applications methods (e.g., light aircrafts, spray-booms),
implementing pesticide-free buffer zones, and promoting
sustainable agriculture and alternatives to pesticide use,
which could result in more protective policies at both the
national and regional levels.
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• Increasing rigor of epidemiological studies. Studies that can
incorporate biomonitoring should consider the use of bio-
markers that reflect exposure to specific pesticides, including
current-use pesticides (e.g., glyphosate, neonicotinoids, pyr-
ethroids), and should assess exposure at multiple time points,
if possible. In studies where biomonitoring is cost prohibitive
or logistically infeasible, indirect exposure assessment may be
improved by incorporating additional methods that are less
prone to bias, including purchasing/inventory records, perso-
nal exposure monitoring (e.g., breathing zone air sampling,
dermal wipes), environmental sampling data (e.g., ambient air
monitoring, drinking water),9,11,12 and development of
surrogate exposure estimates based on nearby pesticide
use assessed via Geographic Information Systems.33 In addi-
tion, rather than dichotomously classifying participants as
farmworkers vs. non-farmworkers, studies could employ
more detailed occupational assessments and job-exposure
matrices examining factors such as job titles and tasks, spe-
cific crops and active ingredients, and more complete occupa-
tional history that may decrease error due to exposure
misclassification.288 Studies should also use standardized and
validated outcome assessment methods across population
subgroups from different LAC countries and territories to
improve researchers’ ability to compare findings across stud-
ies inside and outside the region.

In addition to increasing the rigor when designing epide-
miological studies, we recommend the inclusion of more
robust statistical analyses and a shift away from the presenta-
tion of bivariate results alone. We also recommend the sys-
tematization of the presentation of key information in the
methods and results of publications, including the specific
pesticides being assessed, statistical methods used, and study
results to facilitate comparisons across studies and better
support causal inference.

Strengths and Limitations of This Scoping Review
Given the methodological differences in study design, popula-
tions studied, and exposure and health outcome assessments
employed across the studies included in this review, we were not
able to summarize the evidence on health effects of pesticide ex-
posure in LAC populations using a quantitative synthesis or
meta-analysis. In addition, our search strategy was focused on the
use of the word “pesticides” plus Latin America or “pesticides”
plus each of the names of the 43 LAC countries and territories.
This strategy may have led to missed information because some
studies could have used more specific keywords such as the pesti-
cide’s nature (e.g., herbicides, fungicides, insecticides) or the
names of pesticide active ingredients (e.g., mancozeb, chlorde-
cone). Our literature search also focused solely on PubMed and
SciELO, and it is possible that other common databases in
the LAC region, such as Latindex and Latin American and
Caribbean Health Sciences Literature (LILACS), could have
yielded additional publications. Despite its limitations, we
believe that this scoping review provides a useful overview of the
status of the research regarding the health effects of pesticide ex-
posure and gives insight into existing data gaps and research
capacity building needs in the region.

Conclusions
Our scoping review provides some evidence that exposure to pes-
ticides may adversely impact the health of LAC populations.
Nevertheless, methodological limitations such as reliance on
cross-sectional study designs and indirect exposure assessment
methods, as well as heterogeneity in the assessment of health

outcomes and presentation of study findings, undermine the
strength of the conclusions. We recommend increasing capacity
building, integrating research initiatives, and conducting more
rigorous epidemiological studies that can address these limita-
tions, better inform public health surveillance systems, and
increase the impact of research on public policies.
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43. Sánchez-Alarcón J, Milić M, Ka�suba V, Tenorio-Arvide MG, Montiel-González
JMR, Bonassi S, et al. 2021. A systematic review of studies on genotoxicity
and related biomarkers in populations exposed to pesticides in Mexico.
Toxics 9(11):272, PMID: 34822663, https://doi.org/10.3390/toxics9110272.

44. Tricco AC, Lillie E, ZarinW, O’Brien KK, Colquhoun H, Levac D, et al. 2018. PRISMA
Extension for Scoping Reviews (PRISMA-ScR): checklist and explanation. Ann
InternMed 169(7):467–473, PMID: 30178033, https://doi.org/10.7326/M18-0850.

45. Latin American and the Caribbean Chapter of the International Society of
Environmental Epidemiology. 2018. Bylaws: International Society for Environmental
Epidemiology Latin American and the Caribbean (LAC) Chapter. https://iseepi.org/
docs/ISEE_LAC_Chapter_Bylaws_FINAL.pdf [accessed 8 August 2022].

46. Alvarado-Hernandez DL, Montero-Montoya R, Serrano-García L, Arellano-
Aguilar O, Jasso-Pineda Y, Yáñez-Estrada L. 2013. Assessment of exposure to
organochlorine pesticides and levels of DNA damage in mother–infant pairs
of an agrarian community. Environ Mol Mutagen 54(2):99–111, PMID:
23355095, https://doi.org/10.1002/em.21753.

47. Jasso-Pineda Y, Díaz-Barriga F, Yáñez-Estrada L, Pérez-Vázquez FJ, Pérez-
Maldonado IN. 2015. DNA damage in Mexican children living in high-risk con-
taminated scenarios. Sci Total Environ 518–519:38–48, PMID: 25747362,
https://doi.org/10.1016/j.scitotenv.2015.02.073.

48. Anguiano-Vega GA, Cazares-Ramirez LH, Rendon-Von Osten J, Santillan-
Sidon AP, Vazquez-Boucard CG. 2020. Risk of genotoxic damage in school-
children exposed to organochloride pesticides. Sci Rep 10(1):17584, PMID:
33067503, https://doi.org/10.1038/s41598-020-74620-w.

49. Gómez-Arroyo S, Martínez-Valenzuela C, Calvo-González S, Villalobos-Pietrini
R, Waliszewski SM, Calderón-Segura ME, et al. 2013. Evaluación del riesgo
genotóxico de niños mexicanos que viven cerca de zonas agrícolas con
aspersión aérea de plaguicidas. Rev Int Contam Ambie 29:217–225.

50. Bernardi N, Gentile N, Mañas F, Méndez A, Gorla N, Aiassa D. 2015.
Assessment of the level of damage to the genetic material of children
exposed to pesticides in the province of Córdoba. Arch Argent Pediatr
113(2):126–131, PMID: 25727816, https://doi.org/10.5546/aap.2015.eng.126.

51. Castañeda-Yslas IJ, Arellano-García ME, García-Zarate MA, Ruíz-Ruíz B,
Zavala-Cerna MG, Torres-Bugarín O. 2016. Biomonitoring with micronuclei
test in buccal cells of female farmers and children exposed to pesticides of
Maneadero Agricultural Valley, Baja California, Mexico. J Toxicol 2016:7934257,
PMID: 26981119, https://doi.org/10.1155/2016/7934257.

52. Nascimento SN, Göethel G, Baierle M, Barth A, Brucker N, Charão MF, et al.
2017. Environmental exposure and effects on health of children from a

Environmental Health Perspectives 096002-48 130(9) September 2022

https://doi.org/10.1016/j.apr.2019.12.023
https://www.ncbi.nlm.nih.gov/pubmed/31248217
https://doi.org/10.3390/ijerph16122177
https://www.ncbi.nlm.nih.gov/pubmed/16563591
https://doi.org/10.1016/j.tox.2006.02.006
https://doi.org/10.1016/j.tox.2006.02.006
https://www.ncbi.nlm.nih.gov/pubmed/15764334
https://doi.org/10.1080/02652030400009225
https://doi.org/10.1590/S0100-40422001000100007
https://doi.org/10.1590/S0100-40422001000100007
https://doi.org/10.1007/s10389-010-0333-y
https://www.ncbi.nlm.nih.gov/pubmed/19028804
https://doi.org/10.1136/oem.2008.040840
https://www.ncbi.nlm.nih.gov/pubmed/27752438
https://doi.org/10.1186/s12302-016-0070-0
https://doi.org/10.1186/s12302-016-0070-0
https://www.ncbi.nlm.nih.gov/pubmed/30743728
https://doi.org/10.1094/PDIS-94-9-1076
https://www.ncbi.nlm.nih.gov/pubmed/27614863
https://doi.org/10.1016/j.scitotenv.2016.09.009
https://www.ncbi.nlm.nih.gov/pubmed/31041704
https://doi.org/10.1007/s11356-019-05126-w
https://www.ncbi.nlm.nih.gov/pubmed/33402828
https://doi.org/10.1177/1178630220972417
https://www.ncbi.nlm.nih.gov/pubmed/18368207
https://doi.org/10.2471/blt.08.041814
https://www.ncbi.nlm.nih.gov/pubmed/19069292
https://doi.org/10.2190/HS.38.4.k
https://www.ncbi.nlm.nih.gov/pubmed/19680610
https://doi.org/10.1007/978-1-4419-0028-9_2
https://www.ncbi.nlm.nih.gov/pubmed/21905395
https://doi.org/10.1179/107735211799041896
https://www.ncbi.nlm.nih.gov/pubmed/29150047
https://doi.org/10.1016/j.mrgentox.2017.10.002
https://www.ncbi.nlm.nih.gov/pubmed/19375165
https://doi.org/10.1016/j.envint.2009.02.006
https://doi.org/10.1016/j.envint.2009.02.006
https://www.ncbi.nlm.nih.gov/pubmed/32679916
https://doi.org/10.3390/ijerph17145114
https://doi.org/10.3390/ijerph17145114
https://doi.org/10.2903/sp.efsa.2013.EN-497
https://www.ncbi.nlm.nih.gov/pubmed/32625302
https://doi.org/10.2903/j.efsa.2017.5007
https://www.ncbi.nlm.nih.gov/pubmed/27128815
https://doi.org/10.1080/10773525.2015.1123848
https://www.ncbi.nlm.nih.gov/pubmed/24121005
https://doi.org/10.1016/j.neuro.2013.09.003
https://www.ncbi.nlm.nih.gov/pubmed/34335205
https://doi.org/10.3389/fnhum.2021.648171
https://www.ncbi.nlm.nih.gov/pubmed/35604441
https://doi.org/10.1007/s00420-022-01878-0
https://www.ncbi.nlm.nih.gov/pubmed/32941839
https://doi.org/10.1016/j.envres.2020.110199
https://www.ncbi.nlm.nih.gov/pubmed/32316194
https://doi.org/10.3390/ijerph17082740
https://reduas.com.ar/wp-content/uploads/2021/12/Revision-de-Estudios-epidemiologicos_ni%C3%B1os_plaguicidas_Maria-Elena-Rozas-071221.doc-1.pdf
https://reduas.com.ar/wp-content/uploads/2021/12/Revision-de-Estudios-epidemiologicos_ni%C3%B1os_plaguicidas_Maria-Elena-Rozas-071221.doc-1.pdf
https://reduas.com.ar/wp-content/uploads/2021/12/Revision-de-Estudios-epidemiologicos_ni%C3%B1os_plaguicidas_Maria-Elena-Rozas-071221.doc-1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/34822663
https://doi.org/10.3390/toxics9110272
https://www.ncbi.nlm.nih.gov/pubmed/30178033
https://doi.org/10.7326/M18-0850
https://iseepi.org/docs/ISEE_LAC_Chapter_Bylaws_FINAL.pdf
https://iseepi.org/docs/ISEE_LAC_Chapter_Bylaws_FINAL.pdf
https://www.ncbi.nlm.nih.gov/pubmed/23355095
https://doi.org/10.1002/em.21753
https://www.ncbi.nlm.nih.gov/pubmed/25747362
https://doi.org/10.1016/j.scitotenv.2015.02.073
https://www.ncbi.nlm.nih.gov/pubmed/33067503
https://doi.org/10.1038/s41598-020-74620-w
https://www.ncbi.nlm.nih.gov/pubmed/25727816
https://doi.org/10.5546/aap.2015.eng.126
https://www.ncbi.nlm.nih.gov/pubmed/26981119
https://doi.org/10.1155/2016/7934257


tobacco-producing region. Environ Sci Pollut Res Int 24(3):2851–2865, PMID:
27838906, https://doi.org/10.1007/s11356-016-8071-5.

53. Leite SB, Franco de Diana DM, Segovia Abreu JA, Avalos DS, Denis MA,
Ovelar CC, et al. 2019. DNA damage induced by exposure to pesticides in chil-
dren of rural areas in Paraguay. Indian J Med Res 150(3):290–296, PMID:
31719300, https://doi.org/10.4103/ijmr.IJMR_1497_17.

54. Quintana MM, Vera B, Magnarelli G, Guiñazú N, Rovedatti MG. 2017. Neonatal,
placental, and umbilical cord blood parameters in pregnant women residing in
areas with intensive pesticide application. Environ Sci Pollut Res Int
24(25):20736–20746, PMID: 28718019, https://doi.org/10.1007/s11356-017-9642-9.

55. Barron Cuenca J, Aguilar Mercado X, Navia Bueno P. 2015. Exposición a pla-
guicidas, desnutrición crónica y daño genotóxico en menores de tres años.
Luribay. Cuad Hosp Clín 56(2):9–17.

56. Franco FC, Alves AA, Godoy FR, Avelar JB, Rodrigues DD, Pedroso TMA, et al.
2016. Evaluating genotoxic risks in Brazilian public health agents occupationally
exposed to pesticides: a multi-biomarker approach. Environ Sci Pollut Res Int
23(19):19723–19734, PMID: 27406225, https://doi.org/10.1007/s11356-016-7179-y.

57. Silvério ACP, Machado SC, Azevedo L, Nogueira DA, de Castro Graciano MM,
Simões JS, et al. 2017. Assessment of exposure to pesticides in rural workers
in southern of Minas Gerais, Brazil. Environ Toxicol Pharmacol 55:99–106,
PMID: 28843102, https://doi.org/10.1016/j.etap.2017.08.013.

58. Zepeda-Arce R, Rojas-García AE, Benitez-Trinidad A, Herrera-Moreno JF,
Medina-Díaz IM, Barrón-Vivanco BS, et al. 2017. Oxidative stress and genetic
damage among workers exposed primarily to organophosphate and pyrethroid
pesticides. Environ Toxicol 32(6):1754–1764, PMID: 28233943, https://doi.org/10.
1002/tox.22398.

59. Benitez-Trinidad AB, Medina-Díaz IM, Bernal-Hernández YY, Barrón-Vivanco BS,
González-Aria CA, Herrera-Moreno JF, et al. 2018. Relationship between LINE-1
methylation pattern and pesticide exposure in urban sprayers. Food Chem Toxicol
113:125–133, PMID: 29374593, https://doi.org/10.1016/j.fct.2018.01.035.

60. Xotlanihua-Gervacio MDC, Guerrero-Flores MC, Herrera-Moreno JF, Medina-
Díaz IM, Bernal-Hernández YY, Barrón-Vivanco BS, et al. 2018. Micronucleus
frequency is correlated with antioxidant enzyme levels in workers occupa-
tionally exposed to pesticides. Environ Sci Pollut Res Int 25(31):31558–31568,
PMID: 30206828, https://doi.org/10.1007/s11356-018-3130-8.

61. Herrera-Moreno JF, Medina-Díaz IM, Bernal-Hernández YY, Ramos KS,
Alvarado-Cruz I, Quintanilla-Vega B, et al. 2019. Modified CDKN2B (p15) and
CDKN2A (p16) DNA methylation profiles in urban pesticide applicators.
Environ Sci Pollut Res Int 26(15):15124–15135, PMID: 30924039, https://doi.org/
10.1007/s11356-019-04658-5.

62. Butinof M, Fernández RA, Lerda D, Lantieri MJ, Filippi I, Díaz MDP. 2019.
Biomonitoreo en exposición a plaguicidas y su aporte en vigilancia
epidemiológica en agroaplicadores en Córdoba, Argentina. Gac Sanit
33(3):216–221, PMID: 29510874, https://doi.org/10.1016/j.gaceta.2017.12.002.

63. Bernieri T, Moraes MF, Ardenghi PG, Basso da Silva L. 2020. Assessment of
DNA damage and cholinesterase activity in soybean farmers in southern
Brazil: high versus low pesticide exposure. J Environ Sci Health B 55(4):355–
360, PMID: 31868080, https://doi.org/10.1080/03601234.2019.1704608.

64. Valencia-Quintana R, López-Durán RM, Milić M, Bonassi S, Ochoa-Ocaña
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